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bf fiMfJiejtt Scwntiju* and hractiral Ch'iimiit, (\tnf rihoiovs in Hu' liiet ioiiary. 


This Suppli^n^nt brings down the rocord gf Chemical Discovery to tlie end of the 
y«ar 1872, jnclnding the more important discoverieH published in 1873 and 1874. 

The Author stiiteti in his Prei ce that he has again boon fivourod with the 
co-operation of two of the former Contributors to the Dictiomtry, namely, Professor 
0 . C. Foster, F.R.S. and Pvofessor RostroE, F,R.S. and that Jio lia.. boon able add 
to the list the names of three other gentlemen — Dr. H. 13 . AaMSTKONti, Dr. If. llKM'Km. 
Martin, and Mr. R. WAUimTOS — who liavo contributed aiTicle.s ut‘ great inferost and 
imporiAince. 

V Amongst the subjects treated in this supplementary volniiK.' tlio following may be 
meijtionetf as deserving of special notice :— 

Phf/sicQl (tfii irti Chcinisirii. 'I’ho .article ‘Chemical Action \'on tains an 
account of the imim^’-^ent.rehtAirches of Bhuthkiot on the Stale of iSalts in Solution, 
andof those of h^AVRK and VAi>i(>K on t h** t»f*^‘' ’T»ooHitiun or DiH^xnation of Crystalline 
Salts in Solution. The article ‘Il^vt’ includes a '^neriptirm of Puw-iFN’s Ico- 
caiorimeter; a summary of the resul-b obtained by Thomskn and by Marionac on 
the Specific Heats of Bodies in ncdul*‘ ami of Die extensive and important researches 

of Thowskn and of BKRTHEtArr on the Heat developed in Chemical Action. Under 
‘Explosion* are given the rfisuits of recent invest igati on s miufe in tliin country by 
Mr.' AKEi-, and in France by Bkhtiiei ot, and by CnAMiuo.f and Fvclkt on the 
ditions which determine tiic Explosive Force of Powder and other Detonants, on tile 
dependence of Explosion on Vibration, and on its transmission nt a disUnce ; and 
under ‘Gunpowder’ the ve^ important expenmenta lately pubI/.shod by Captain 
N0B14B and Mr. Abel on the Pr<xluct» of Cornt/ustion of i^owdor, and in it# i 3 xplosive 
Force wbeo fired under varioos conditjoin«. The anicle ‘Electricity’ contains an^ 
account of BBcatTEUiEt’s Eestaxrche! on Elect r«>capillary Action, of Qtiixcre’h General^ 
Theory of Eleetrolysis, and of Eavhk’s Researebos on tlio Heat developed in thb 
Voltaic Current, ‘Magnetism,* by rof ^’ostku, ''^ives tho r^ults of recent in vest! - 
gatioas on the exact raeasuremetits of the iViagcjetic Forces. ‘ Light ' includes tJic 
continnaUon of Dr. Oiad»tow«’» researches on Refraction mad Dispersion, together 
with many interesting results of recoiu investi^tions on Absorption, Fluoreficcnce, 
ai|d CircuPr Polarisation. . Dr. Roscok has kiisilv contributed an article on tlje 
‘ Chemical Action o*. . 1^.7 ^t/ incdmling a description ^nd figure oi his new record' 
iug ETrai^ement far t&e mensureraeiit of thi^' acHcn : and anorber on ‘ Spctetml 
Analysis,* giving an account of the most iwcnt investigstions on the sul ject. 

it, In'ywm^ Ai*. ng ths ««iiieroufl anicles belonging to this dspirt* 

msut dt OTimiitry, specie may be made of th<jse rf Uting tlie Chlorina- 



Second SoppunreST to Watts’s Dictionary o/" 

compound# of Phophorus and Sulphur; to ScHimmjBKBOia’ 

Carbonyl-compound# of Platinum^ and on the Phosp^nplatinjc 
of Clkve on the Amtjioniacal Compounds^of Platinum ; and to 
preparing Malleable Iron and ^t^el directly from the Ore. 

3. Organic Chemistry, Belonging to thin department are sev- 
to the interesting discoveries of ScHORusMUEa on the Pan 
Alcohols and Kthers derived from them ; also vox Metek’i 
N itroparafftns. and the discovery of a new class of acids called 
Isomerism of the Derivatives of Benzene is discussed in num 

^specirtll^ in a highly important and elaborate article by Or. Ab 
and their derivatives, including the most recent additioA to our 
bodies. • 

4. Physiological Chemistry, A serios o? interesting article 
departn^nt of Chemistry ' viz. 'Digestion/ 'Gastric Juice/ ‘Gil 
Tissue/ ‘ Proteids/ ‘ Respiration/ and * Urine/ has been communil 
Mabtix, of Christ's College, Cambridge. 

5. AqriculiutdL* Chemistry. In this department, Mr. R. WjLBiWQTCp eohtri^lii;^ A ^ 
very valuable series of articles, viz. ‘ Bodder-plants/ ‘ Maize/ ‘ Mai * IteitUSB,* 

‘ Millet/ ‘ Oats/ ' Root-crops/ including a largo amount of original Infonztttiofi 
kindly communicated by Messrs. La was and GinnKBT, relating to tjie results of 
investigations at Mr. Lawks’s experimental farm at Kothamsted. ? 



OP/N/ONS of 

‘The Dictionary of Chemistry, edited 
by Hkxry Watts, is one of tbo moat 
vtUuablo contributions to chemical Bcionco 
of which this country can boast , and it is 
only an act oL justice, such as we might 
reasonably expect, tliat its Publishers 
should from time to time issue supple- 
ments giving the cWinges and new dis- . 
coveries in tno ■cienco, instead of forcing ' 
the purcluvsore of a valuabh' and nec^-^.^ 
SMvrily expensive book to e<linoris ' 

or fall beiiind iii their information. It 
is only about throe years since the com- 
pletion of the last of the five volumes : 
comprising the Itictionary as first pub- ■ 
lished ; but such nipid strides are made j 
in chemistry, that in order to reoorvl the . 
changes and discoveries, a Supplement of 
over eleven hundred pages is requinnl. 

Of course, it cj imjxi.s.sible from such a ’ 
work to qboto Tftiy pas.sago to sIioav its , 
^merits; but ilu' ^)ietionary is s<> wt*ll | 
knowm to chemists that they will readily 1 
believe us wheff ws say thati in th^..,^ 
SurmuMjaxT there is oven an inc'ft'ftri*" tn j 
that careful and laborioi^ editorial work 
to absolutely necossary^u make a book of 
this kind a standard of reference.' 

ScAv^sman. 

* To aflRird a complete and acT^rato 1 
view of the contents of a^^iict ionary is • 


the PRESS. 

extremely difficult, however full a notica 
may bo givtm of it; and this difficulty is 
certainly not diminished when it Is a 
Supplement expressly written to 
the progress of the science of chsaiApy 
since the publication of a work geuerwly 
a<lmitt>ed to bo ej^Jii^ive at tho dajbe of 
issue. The eVtends* over 

1,130 elo4tn5’^)r^Mi pageJ, and may 
tijor^'foro be rcgaiMfd as fonring a monu- 
ment to the progress of the s^ence within 
tl^ past few years, and to the industry of 
tfeiuthor of the record. . . . Prom this 
outline of tho article on Inorganic Analysis 
by hlaine Reaction, it will at once be 
seen that thi* suljoct is treated in an 
exhaustive and thoroughly pmeticaj man- 
ner, yet this funns but one of almost 
innunuTable articles of equal utility and 
interest. TIio Sufplkmrht alone epn tains 
an amount (d infomuition, comprossod 
into a comparatively small space, which 
is really marvellous, and, regarded aa 
pti?^ of the Dictionary, will make the 
entire work as nearly perfect as need ]be 
desired. It may well be regarded as a 
gooil substitute’; for the roost judiciously 
selected chemist’s libraj^ could be 
purchased for Se price at which 

tho whole sij^olumes are pablished.^ 
Minixo Jovbxax. 


London^ LONG MANr& CO. 
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PEEFACE. 


I ’^HE PRESENT SUPPLEMENT l.iinss tbo Itocoi-d of Oheraical 
Discovery down to the end of the year 1877, including Home of the 
moi*e important disooverierf vi^hich have a|>[)eui'ed iu 1878, As it com- 
prises a longer interval than the j^receding Supplements, and is tliei’O- 
t'o^'e necessarily larger, it will be publislual in Two Parts, , 

The Author has gr^at pleasure in acknowledging the assistaitSo of 
the following gentlemen, who have conti*ilmted Articles to the Fii*8t 
Paiti : 

K. J. MILLS, D.Se., F.R.S., ‘Youno’ Proffssor of Tkchnicat. Chhmi«trt in 
Andkrson'h Collk/^k, Oi-Asoow r 
Cu m u lati ve lu t u> n . 

T. E. THORPE, Pa.l)., F.R^S., PreoFKSHou op Cjibmistby in tub Yorkshire 
Cor.LKfiE OF SciKNCK, Lkkds : 

7 

R. w)|[RINGTON, Esq., F.C.S.; 

1 ^^larley.— ForcM Treei^. 

For tlie Second Part contrihutions have boon kindly promised by 
Dr. Armstrono, F.R.S., ‘On Nuplitbaleue and its DerivativeH,' ‘On 
Phenols,' and ‘ On Substitution by Du. Flight of the Mineral Depart- 
nnmt, British Museum, ‘On Mf^teorito ' ; by Phofeshou G. 0. Foster, 
F.II.S., ‘ On the Dynaiuic.'ii Theory of Heat'; by J)r. Ros ’OE, F.R.S., 

‘ On >^pee*rjil^Ano’ysis'; b)| Du. TiiourE, F.R.S., * On SjHutiUc X^dumos/ 
ami ‘On Water;' and by Mr. Wauington, ‘On Wheat.’ 
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» 

TfflRD SUPPLEMENT. 


‘ A 


ilkjpl81irta01ii« (Beilfitein a« Kupffer, DeuU Chem, Ges, Ber, 0. 118S ; 

Wrigfif, Chem. Soc. Jouik [2], zii. 1,319). This substance, isomeric with ordinary camphor, 
is the essential constituent of wormwood oil, in which it is associated with a torpone, 
boiling below 160^, and a deep blue oil which boils between 270^ and 300*’, and a^eos 
k its properties with the blue chamomile oil examined by Kaehler {Ut Supply 277). 
Jibsinthol boils at 196^ (Beiistoin a. KupfibrV, at 200-205*’ (Wright)t 217^ (Gladstone). 
It differs essentially fh>m camphor in its chemical reactioins not being conTerted into 
camphoric acid by oxidation with nitric acid, or into camphocarbonic acid (Is^ Suppl, 
385), by the action of sodium and carbonic anhydride, and yielding, when fused with 
potash, a large quantity of reahl, but no acid. Heated with phosphorus pmtasulphide, 
It yields a considerable quantity of cymone, C**ll**, identical with orainary cymono 
from camphor or from cumin oil in density (0*8707 at 0°), boiling point, 175° 
(Beilstein a. Kupflfer), 1 78° (Wright), and the proportiSfe if sulphonic acid derived 
^rom it. Qymene is al^ formed, tho^h in smaller quantity, together ^ith water and 
a^sinous body, by treating absinthoiwith zinc chloride. The action of phosphurus 
pcntasukbido on absinthol likewise produces thiocymeuo orcymylsulpbydrate, 
boiling at 233°-240° (Wright). 

For the optical properties of absinthol, see 2fid SuppL p. 872. 


ACaoXAMXirA The existence of this base, discovered by Strecker, 

has been called in qiWion byTawildarow (27kf Suppl, 1). An analogous base, 
has however ^een obtained, together with thio-a-toluy!amido, C”H’S.N]i*, 
by the action of hydrogen sulphide on benzyl cyanide (Boruthsou, Dcui. Chem, 

Ges. Ber. viii, 1319), This base is actually xylcnyl -ami mide, or 

C*H*— CH* — ac^iamine itsflf is ethenyl-amimido, 

(See XTLmfTL Oojcpouinis.) • ^ 


See NiPBTHALigrE-DRaiTATrvBB 

AOBTJa, C*HyO’ « CH*#-CH(OC*H»)*. On thy action of this body on 
urethane, see CiRiiAiyras. 

Chloraeetal^ — According to 0. Krey {JetMische Zeitsohriftt z. 64), mono-, di*, 
and trichloraoetar are best obtained by treating a mixture of 2 parts of absolute 
alcohol and 2 parts of watdir with 3 parts sulphuric acid and 3 parts of manganM 
dioxide, distilling off two-thirds of the liquid, and treating the Pooled distillate with 
chlorine M it qftins to be turbid. Mono^lor- and dichlor-acctal are colourless 
liquids of HgreeaMe odour, boiling at 154°-169° and 180° respectively, as stated by 
wchloracetal crystallises in large white, needles, which melt at 83° and 
b^n to decompose at 190°, 

^1^ Dichloracetal M Bhosphorus Pcntociyoridf.— These bodies act upon each other ill 
^Ee manner indicated by ta^ equation— 



, cBfe'.OHg^ + pa* - cHa*.cH^^‘ + poa* + o*H*a 

The first of these^ptodnets is analogous to the compound of aldehyde aa^ ethyl 
which and FrapoUi obta^ed by the action of hydrogen chloride on 





ACETAMIDE. 


mteanediate 


a inuEture of aldehyde and alcohol {JAebi^t Annalen, cvm. 223). It ^ ^ 
between dicbloracct^l and the compound which PafornA obtained by the 

action of phosphorue pentachloride on dichloraldchyde (1«^ Suppl, 76). ^ 

JLCSTJUBJOBKirilB. See Alobbtsk • 

AOBTJUKZSa, C*H»ONH». Action af PCI*,— According to Hente (Am. Ch;. 
fharm. cvi. 273) phosphonu pantaohlorido acts on acotamido with great TftlcT^o, 
producing a compound of acetonitril with phosphorus trichloride. Wallach, on the 
other hand {Beut. Ch(.m. Ges, Ber, viii. 3<A), finas^at this is not the case, and thinks 
that Henke must have worked with impure materials. The pure dry comj^uuds act 
on each other in the eold, only a small quantity of Hcctamiao hydroehloride heinc 
formed ; if the reaction takes place in chloroform, it becomes violent, but the produA « 
P is the same, and when the amide and pentachlpfide are heated Ujgether for some time, 
they yield acetonitril, together with phosphorus trichlorid^ and oxychloride. 

Acetamide heated to 160^ in a scaled tube with a-ainitroe|ilocobonzciflb 
(Cl : NO* : NJ)* » 1:2:4), ma^nBsui uita and alcohol, yields ethyl acetate, 
dinitraniline, and magnesium chloride, probably according to the equation — 

2(CH* CONH*) + 2C?‘H*rNO*)*Cl + 2C*H*OH + 

2(CH*.CO.OC*H*) + 2C*H*(NO«)*NiP + MgCl* + 

The decorapositiou is, howoyet^- very imperfect, a cons iderabhs -proportion of the 
dinitrocldorobenzeae remaining unaltered (WUlgerodt, Baut. Chem, Ovs. Beu riii. 
17in. ^ 

THchloraoetamidc and phosphorus pentachloride heated together >dcld the compound 
C*Cl*ONP, which appears to have the constitution of hoxchl^rethideno-imidophospheuyl, 
COP.CCl—N— POCl*, and to be formed by the following serieh of reactions: — - 

(1) . OOH.CO.NIP + PCfl* « POCl» + OGP.CCP.NH*. • 

(2) . C01*.CCI*.N1P 4- POCl* - HCl + CCl».0CP.NHJPO01». 

(8). CC1*.CCI*,NH.P0C1* « HCl + CCl».CCl=KJPOCl». 

This compound distils at 2o6^~259^. and solidi6eH|it 70^-80*’ to a white crystalline 
mass. Its vapours violently irritate the eyes and mucous membroaes. It is a very 
unstable body, which cannot bo kept without change. lU decomposition yieldls 
trichloracetoiiltril, together U£**h other products (Wallach). ^ % 

Monochtoracetn^niie, NH*.C*H*C10. -According to P, J. Moyer {Dent, Chem,^ 
Gc9^Ber, viii,fH63), the easiest way of prepiurihg this compotuid is to pass ammoa^*" 
gas into cooled othyl monochloracetaU^ : after about an hours action, the whole of the 
liquid solidifies to a crystallme cake, while the alcohol ^rmed at tho same time contains 
bat a small q^ianUty pf the nndecoiBpoecd ether, which may be treated in the same 
manner. 

One mol, chlomceumide and 1 mol. anffine cautiously 1/atcd tfigether till the 
amide fnscs, and a strtuig reaction of hydrochloric acicT no<^mc8 perceptible, yield 
phenylamidncetamidok phonylamidpglyeollamidei or phenyiglycoc in- 
ami do, Cl I *( Nil 0*11*) — CONH*, which ctystaUises from hot water in microscopic 
tieodlos melting iit 133*’: — 

CH*C1 CH*(NHO*H*) 


CONK* 


+ CnPN,H* =x Hcr + 


bONH* 


When 2 mols. nniline are heated with 1 mol. chloraeetamida, the action begins in 
tho sfime manner ; but the nniline hydiochlorida thereby produced acts further on 
phonylamidacetamidc, producing phenylamldaceUimlido, phegylarnTdo^ycotlanilid^ 
or phenylglycocinanilido : • c " 

01PN1I(C*H‘) CBtomCH*) 

I + C*H‘NH>Ha - NH'.HC1,+ I . 

CONH* ^ CQNH(CW) 

Tdmdine acts on chloracefamido in a similar manner, forming tolyUllidoglvcoil- 
umide, or tolylamidoglycoUnnilide, according to the proportions usM. (See Oltcoll- 
AMinas), 

C*H*0:NtT(C*H*).* This bodyitreated with phosphonui^ieftta- 
chloride yields the hydrochloride of a ^lorinated base, whidi forms inth platinic 
chloride a salt having tho formula (OH**ClN*.nO!)*.PlCl\ Tho fornation of this-* 
base is reprosented by the following equations : — i 

C!H*CO.NH.C*U* + PCI* - CH*CCl».Nli.C*B* + POa*? 
0H*CC1*.NH.C*H* = CH*CCI— NC*H* + HCl; 

• 8tOH*Ca>=NC*H* - CH’>C1N» + HC^ 

^ Nmtlier the .base itself nor the intenufti^ite products have as ,y6t bten isolated. 



ACETAMIDE (PHENYL). 

When "tile <#iide pvodnct tho reuction betw^^n ethylacotaSlide and pho&phonui 
pentaci^lojlVte ia precipitated -intli potash, and the precipitate is warmed with solid 
potash, a violent reason takes place, potaasinm chloride separates, and a new base, 
OHi ‘N», is produc^ m the form of an oily body, miscible with water, alcohol, and ether, 

^ and stronglj^asic, its aqueous solution pncipitating most salts and dissolving precipitated 

al^ifta. This compound is ethenyUdietl^^mimide, the first othenyl- 

base of the &tty se^es, and is prcj^ably formed by the reaction : 

^ C«H'»C1N» + 2KOH - KOf + C“H»0*K + 

^ Hofimann, BeuL fT&em. (ret. viii. 1567). 

j^i&eil^laeetamlde or Aaadanillda. This com- 

poiutd hea^ with «>diht^ pAcnato yields acetone, diphenyl, aniline, and a small* 
quantity ef^iphpnylamine (Weith, Beut. Chem, Ges. Ber. vi. 066). . 

Brdkebusch Unangural dissertation^ Gottingen, 1873) statee that acetanilide 
tteato<} with hydrochloric acid is converted into tolunitril. Acoorfling to 0. L. 
Jackson, however Chem, Gesi Bsr. viii. 1170), this is not the case. When a 

fiolatibrf of aagpmilide in hydrochloric add was distified in a stream of hydrocUoric 
acid gas, no cSy distillate was obtained, as deseribad by Brakebusch ; and the residue 
in the retort consisted only of aniline hydj^hlori^^ \nien the liquid was distilled * ' 
in a i^roam A aqueous vapour, aoetic aeid* and aniltna hydrochloride were 
withc6it a trace of a ni|riL Neither ^ any nitri! produce by the action cither do-' 
hydrating agents on acetanilide. With eti»o ekUmds the compound (C*H*NH*)>./inOl* 
was formed, which, when:0tiongly ^heated, yielded a viscid oil containing aniline, 
hut no nitril. With cUoride similar results were obtained. Acetanilide 

Jieated w^th j^so^hotic anbydrids was for the most part carbonise^ 

bb^vicpr of neetanilido with dehydrating agents is therefore different firom 
that of fonuhnOi^ 'which, as shown by Hoffmann (Ann. CA. Pharm, olxii. 121), is 
thereby partially imnvartod into bonzonitril. This difference of behaviour is quite in 
accoxmu^ ^th ^ di^rbncc^ composition of the two bodies : 

.COH 

^C*H* « H»0 + C*H*CN 


' Forinanilide. 

,cocli> 


HOCIP + C'H’Cil 


CH* 

AoetanItt<to, ^ “ 

up directly into water and bonzonitril ; similarly acetanilide 


yield water, the Remainder would probably bo a body having 


Formanilide splito up directly into water and ponzonitm ; similarly acetanilide 
might split up into */iethyl alcohol and henzo- (ftot toltf-) nitril ; if, on the other 
hand, it were acttiall3r*“ -* ' 

the consrithttbn N 

Acetanilide hcatM 'with phosphorus pentojchlorido is converted into othenyl- 
diphonyUia«itn^C“H**N«-N^j^H*)* (Lippnmnn, 


Ckmn, Ctes. Bsr. yil. b^i). 

On the. q^er htmd, when pure and dry wetanilido is shaken tr>gothor with finely 
triturated 'pM^bdnp pentnchloAde, rise of temporatury being prevented, a pale- 
yellow liqmd Iw *7bgM#id, which on Mtunding deposits cryntals of acetanilide- 
chloride:*^, * 

^«db.NH.C«H» + PCI* =a.Cjl*CCP.NH.C*H* + POCl*. 

This product is reqr unst^lc, and speedily resolves itself into hydrochloric acid and 
the in^4l|ph)Orid& CH*CCl:i::N.C*ll*. The last body acts violently upmi aniline^ 
forAing e the n y4dipbe n y lam i m i d e, thus : — 

- ' CfWX!t=iro'H‘ + HCl. 


Acetauilide-cfalaride, wjfen earcihlly heated, melts below 50^ and begins^ to 
evolve hydrochloric acid ; and if then cooled suddenly, to stop further deeompositioii, 
it is fimnd to be converted for the most part, into the hydroenloride of a base hitffiig 
the formula G>*H**C1N*, and crystallising feom a mixture of alcohol and ether in 
small colourless prisms melting at Il6°-.ll7®#i This base, when heated nbtm its 
melting point, assumei a dark colour, and at 140*’- 150^ a violent reaction '*'stiaSieiily 
takes plaoif the result being that it iscOhierted into the hydrochloride of a new base, 

b 2 



4 ACETAMIDES (BROMOPHENYL-). 

whidi diseiolTes in water and i» thrown down in an amotphous state alkalis, and 
forms an amorphous double salt with platinum chloride. The formula gf this 
body has not been satis&ctorily determined ; but the numbers^ obtained by analysis 
agree approximately with the formula of ethenyl- phenyl-diamine. Its formation from 
acetanilide-chloride may be represented by the following equations : — • 

CH».CC1*.NH.C*H» « HCl + CHVCC1=NC»H* 

2C«H*CIN = HCl + 

= HCl + CPH'^N* 

(Wallach a. Hoffmann, Deut. Cfiem. Ges. Sbt. viii. 1567)- 
Iferivatives of Acetanilide, 

^ The brominated and chlorinated derivatives of acetanilide admit of metameric 
modifications, according as the replacement of the hydrogen by the halogen elemeig^ 
takes place in^ho phenyl-group or in the tuietyl-group. 

Bromi^liaBjlaoetamidea or Aoetobromanllldea (Kommers, DcuL Chem, 
Gea. Ber, vii. 346 ; Kdrner, Gasz. chim, ital, iv. 329). In those bodies the bromine 
enters into the phenyl-group. ^ ^ • 

Monobromo^henylacetamide or Acct(>numobr(yntanilidc^ C*H‘Jlr.NH(C*H*0). This 
compound admits of three isomeric modiilciitions, ortho-, nieta-, and poja-, according 
to tlxe ralatiyo positions of the bromine and the residue NH(C*H*^ Th^fara 



NH(0*H‘O) NH(C*H’0) 


modifi^tion 18 prepared: 1. By the action of acetyl chloride on parabromanilinc, 
C*.Br.H.H,'NH*.H (Kgfner). 2. By gradually adding, tfie tho^etical amount of 
bromine to an^.cctic acid solution of acetanilid^ (Remmoni^, It may also bo soj^ 
rated from the product of the action of bromine on acetanilide, suspended in a large 
quantity of water (which also contains acetodibromaciliilo and tuliroinaniline) by 
pressing the resulting white powder, and dissolving it in hot alcohol, the solution on 
cooling depositing large crystals of nearly pure acetomonobromanilide, while other 
fractions may bo obtained by gradual evaporation of the mothtr-liguids. The whole 
may be purillcil l.»y recrystallisHtlon from alcohol, the purolacetomonobromanilide 
crystallising out first (O. Uiircko, DetU, Chcni. Gets. Bcr. viii. MU). 

This compound crystallises in large many-faced prisms Imving a vitreous aspect, 
sotnetirnes perfectly transparent and colourless, sometimes partially or totally opaque 
and white, with a nacreous lustre. It is moderately soluble in absolute alcohol, and 
separates therofrom by spontaneous evaporation in unusually fine crystals. It is 
insoluble iu cold water, veryfSlightly solftile In boiling water, and melts at 
166’4° (Korner). w • 


. converts pamcciobromanilide into a nitrobromophenyl aceta- 

mide, 0*H*Br(NO»).NH(C»H*0), wbicli. crystallises in long sulphup-yellow^needles^ 
melting at 102 , and decomposed by soda, with formation of ajiitroparffbromanilin^ 
which crystaUisoa in yello^r needles molting at 1 12®. Nitrob^mophenylacetamido is 
converted by tin and hydrochloric acid into the hydrochloride of etheny 1-bromo- 
/ (C*H*Br)' • ' 

phenylene-diamine, N j(C’U*)"' (Remmeis). ^ 


Ortho-aettohromanUide, C*.Br.(NH.C*H*0)H*, preparod bjr th« w!tion*af a»tyl 
chloride on orthobiomauilinp, ci^-stalliscs in flat needles, 4 or 6 centimeters long, 
colourless, transparent, and having a fine satiny lustre. It dissolves in alcohol DOfure 
easily than the para-componnd/aud melts at 99® (Komer). 

AoUodihrwMinme or Dihro^mophmylacetamide, C*H*Bi^.NH0*H»0, is formed by 
boiling dibromaniline (m.p. 79-6®) for several days with glacial acetic acid, and cm- 
tallisea in colourless needles or plates molting at lid®. By nitratWn it yields 
nitrodlbvomophenylacetamide, C*H»Bi*(l!iO»).NHC’JI»0, whidi crystallises in 
slendw yellow nobles melting at 209®. This nitro-compound is decomposed by fixed 
alkalw, with elimination of ammonia and formation of dibrompnitrophenol, probably 
identical with that which Kdrner obtained % nitrating dibromopbenol, Ihd Bnin^ 



AdfeTAMIDES <OHLOTM)PHENYL-). • S 

by > ttromiiiatiiiv ordinary nitrophenol. Nitrodibromophsnylaoetamide heated irith 
ammonia to 140^ in sealed tuples is conTerted into nitrodibromaniline, 0*H*Br*(N0^NH*« 
which crystallises in ^Iden-yellow needles, melting at 123*’, readily soluble in aio^ol, 
bnt insoluble in water (Bemmers). 

Acetotrihromanilideot C*H*Br*.NH(G*H*0). 

is formed oy the action of acetyl chloriae on tribromaniline, and crystallises in 
r||omfh)hedrons or long white needles, melting at 282*’ (Remmers). 

Trihromophenyldiacetamide, C*H*Br*.N(C*H*0)*, is formed by heating 
tribromaniline with acetic anhydride : 

. * C*H*Br*.NH* + (0*H*0)K> = H*0 + C»H»Br».N(C»H»0)». 


This compound ci^BtalliBes in long slender colourless needles or rhombohedions, 
somewhat soluble in wate^, easily emnole in alcohol or ether. It melts at 123*’ andr 
«ublimes unchanged at a higher temperature. On boiling it with a solution of caustic 
soda, one acetyl-group is eliminated and acetotribromanilide is produ<^ (Remmers). 

NUrotribroniopkenylaceiamidet CS*HBr*NO*.NH.C*II*0, forms yellow needles 
slightly soluble in water, easily in alcohol. NUfiArihramophetipUdiaoetamide^ 
is very sipiilar to the preceding compound, and is converted 
into it by boiling with alkalis. By heating either of these two nitro-compounds with 
aqueous or ^coholic ammonia in sealed tubes to 180*’-220*’, ni trotr ibromanili n e, 
Ol^r*N0\NH*, is obtained in broad lustrous yellow needles, slightly^soluble in 
alcolfol, melting at 2i4*’~215*’, and capable of sublimation (Remmers). 

Obloiinated Pbenylaeatamidea. Monochlorophenylaetiamide or 

CH» 

)^ce^ooA/erant2t<2€,0*H^Cl.NH.C^H*0 or I , is obtained by the action 

CONH(C*H*Cl) • 

of chlorine on a cold saturated solution of acetanilide, and immediately separates foom 
the solution in crystals, which may be purified by washing wii^ cold water, and once 
recrystallising from boiling gpiter. ^ Distilled with potash it yields monochloraniline 
similar in properties to that which is obtained by the action of potash on chlorisatin 
(MiUfl, Phil, Mag. [4], xlix. 21). 

PhenylmoHochl^acet amide or CMorcuiihznilide^ C*H*.NH.C*H*C10, or 

CH»a • , ^ 

' \ . , isomeric with the ^occdfug, is prepared by adding aniline in, small 

CONHC«H’ 

quantities to chloracetyl chloride in a cooled vessel, the change consisting in the re- 
placement of an atom of hydrogen in aniline by tbo group C*I1“C10 (Tommasi, Compt. 
rend. Ixxvi. 885 ; CJewi, Jour. [2], xi. 911). P. J. Meyer (^Deui, Chem. Gea. Per, 
viii. 1 153) dissolves* the aniline and the chloracetyl chloride in other boiore mixing 
them, and keeps the toixture at a very low temperature, 

Chloracetanilicle crystallises from water in needles, and from alcohol in plates. 
It melts at 97°, sublimes at a higher temperature, dissolves freely in ether and acetic 
acid, easily also on warming in hydrochloric and sulphuric acids. Nitric acid converts 
it into a nitro compound (Tommasi). According to Moyer, it crystallises in slender 
micrtwcopic needles, having h eil4ary lustre i^d unctuous feel, melting at 184''6*’, and 
subliming without decomposition, emitting at the sam% time, and likewise when 
boiled with water, on odour which strongly irritates the mucous membranes ; lU 
solution burns the skin violently. It dissaves easily in alcohol, ether, and water, 
sparingly ha cold vi^tcr. ^ 

Action of Ammonia . — The mode of action of amlnonia on chloracetanilido, as 
described by Tommawi and by Meyer, appears to differ according to the temperature 
and the stren^h of (he ammonmcal solution employed.* According to lommasi, 
chluracetadilido digestef^ at 30-40° with a saturated solution of ammonia gas in 
dilute ^cohol is converted into phenyl-hydroxy lacctaniide or hydrox- 
e t aff i 1 i de, JSPIPNO* : - 

CH*Cl OH»OH 

I + NH^(OH) = NHH?l + I 

CONH(C«H») CONH(OfH») 

According to Meyer, on the oth4^ hand, chloracetanilido digested with moderately 
concentrated alcoholic ammonia in a sealed tube at the heat of the water-badi, for 


* The 'wide dllFaneooe b e t w een the stAteroenta of these two chemists os to the melting point of 
cbloraoetaxiilide, indnoes, however, a sospldon Ukst one or the other must have been dssHqg wttb an 
impnre product. • 



ACETAMIDE (CHLGBOPHEKYL*). 

is^donyerte^ iftfco phenylamkiogljrcellamide, G**H’^N*0^forincd by^the 




t NH. = 29 CI . 

9 moll. cfal<i;riu!«tonilid«. Plicaylaniidodiglyoollamide. 

I 9 tbe one cam an atom of chlorine in the group GH^Cl is replaced %y OH; in 
the other the two atonu of chlorine in two such groups are replaced by imidoge«NH, 
which then unites the two groups NH(d*H*).CO.CH^ ^ 

Ohloracetanilido boiled with a slight ezcees of aniline is converted into phenyl* 
amidoglyoollanilide; according to the equation: 

OH*Cl GH*.NH(C«H») * . 

I + C-mNH* * HCl +1 • 

, CONH(C*H») • G0.NH(0-H*) 

With toluidino in like manner the product is tolylaihidoglycollotoluide»» 
CII*.NH(C^H")— CO.NU(C’H^). See Gjivcoli.ami»es. 

Dichloroj^en^laceiamideoTAceiodichlor anilide, C®H*C1*.NH.C'^H*0, or 
GH* 

I , is formed, together with acetonwnochloranilido, by t]i6 action 

CO.NH.O»H»Cl* 

hypochlorous acid (solution of bleaciiing powder acidulated with acotm acid) on 
acetanilide. With this reagent chlorination takes place instantly, but the mano- 
chlorinated compound first formed is not further attacked %3 long as any •free 
ncetanilido remains. Either the mono- or the di-chlorinatod comijound may bo 
obtained pure by the use of measured quantities of hypoclilorous acid. 

When an excess of hypoclilorous acid is used, tho product obtained is not s 
acotodichloranilido, but it compound of that body with a molecule of liypochlorous • 
acid, C*H*C1^.NH.C''*H*0 + UOCl. This compound is a thick heavy oil, of peculiar 
apricot colour, highly refractive, smelling family of chlorine, and having a disngreo- 
nolo taste. Its density is 1-3893, water at 20® boing 1. When quite dry it is 
mixlerately stable, but in tho moist state or in contaei with other bodies of most 
diverse character, it separates into its cousbibuonts. It is but spAriugly soluble in water ; 
when boiltxl iJierow.'th it is volatilised and decomposed. It is decomposed by alkalis. 
Ammonia acts violently u pon it^ven in the cold, nitrogen bcliig set free. Mineral 
acids attack it »th viofenco. Strong sulphuric acid libonates a gas smelling of^^ 
chlorigo monoxioo. Strong nitric and hydrochlorfc acids evolve torrents of chlorine. 

It is decomposotl also by alcohol and ether; a solution of it in the latter liquid, when 
exposed to diffused light, gradually deposits crystals of dichloracetanilido, tho ether 
at the- same time acquiring a chlorous odour. 

In the decompositions of the oily body, tho end-product is jlways acetodichlor- 
aiiilide. Conversely, the oily l«jdy itr formed when ocotodichloranilido is treated with 
solution of bleaching powder. t 

Tho oil, in virtue of its property of giving up hypochlorouf acid, has a certain 
value as a reagent. With aromatic aminos it gives a series of colours aualogous to 
those produced by blenching powder, but much more intense and lasting. The 
colouring matters thus producoa have liowovor no affinity for animal fibres ; silk im- 
mersed in tlieni remains perfectly whitcu * * 

When chlorine is passed into acetanilide as long a%it is absorbed, tho product is 
0 thick yellow oil, which is usxmlly regarded as acetodichlorauilido conUiminatod 
with oily, products (chlorinated phenols). This oil, when treated with alcohol, yields 
large quantities of nearly pure acctodicmoranilide, § nd it is vi^ently attm'ked by ^ 
potash*loy, likewise with formation of diohloracotanilide. It ji must probably a 
compound of acetodichloranilido with one molecule of chlorine, Analogous to the 
jtiypochlorous acid compound above described. A similar body ^ formed when 
acetanilide is treated with excess of bromine; moreover, ^bromine dissolves large 
quantities of acetodichloranilido with extraordinary facility, forming a thick brown 
oil (O. N. Witt, Deut. Chem. Gt*. Bcr. viii- 1220). ^ ^ 

Phenf/l’trichlor acetamide, C«H*.NU,C=C1*0 (Tommasi a. Xloldola, Clicm. 

Soo, Jour* [2], xii. 316). — This compound is |H*6par*d l)y gradually pouring rectifieil 
aniline into an excess of trichloracetyl chloride, C‘Cl*O.Cl, heating the mixture, after 
the first reaction is over, then leaving it to cool, washi^ the resulting solid mass 
withsvator, then dissolving it in hot alcohol, witli addition of animal charcoal, and 
filtering. The filtrate, on cooling, deposits the amide in lultrous crystallgie plates, 
appearing rhomboidol under tho microecopo. It is nearly kiodoroas, and has a 
ebghtly bitter taste, melts at 94®, and solidifies again at 83®. It dissolves readily in 
cold 8uf|»huric acid, and decomposes without blackening when thg solution is heated. 



!AMmB (raKNYI^-HyiM60^S^^ ^ ^ 

It la BoluUa dUo in bana^e imd'tiitpantina cU, and' aiddida' iv 
sulphide, chlbcofbnn^ and eAer* Bf with eanttUNlojh it k dMompoM^I wi^ ' 

produation of a basic substance having a very pungent .^Hie sake deioiip<^« 

tion appears to take pkce when the amide iS' heated in a eealea tube with alcohoHe i 
ammonia, or boiled with water. I 

JHnitr^kenj^l-triehhraifeUrmide, OH*(NO*).NH.CK3l*0, is piroddeed b^ heating 
I|{ienfl-tricmoiacetamide with excess of ftimiag nitrio acid. The amide at drat dis- 
solves, the solution then becomes suddenly hot, and nitrous fumes are copioiisly 
evolved. The reaction is completed by beating on a sand-bath, and the solution then 
po^ed into cold water. A heavy oil separates, and sinks to the bottom^ remaining 
^fbr some time in a semi-duid state, hut ^timately solidifying to an orange-coloured 
mass, which is dissolved in hot alcohol, and filtered. The filtrate on cooling deposits 
dinitrophenyl-trichloracotaniide in tu^ of ydlow needles. 

This compound melts^t 118^, and* remains in a viscid state at the ordinary tema 
►perature of the air for some time after fUsiOn. It does not explode on heating. It 
dissolves to a slight extent in boiling water, giving a solution of ye^pw colour and 
slightly acid reaction. Benzene, chloroform, and .ether dissolve it remily, oil of tur- 
pentine less readily. It is easily soluble in cold caustic soda-solution, a yellow liquid 
being produced, from which acids roprecipitate tlie amide unaltered. On boiling the 
solution, however, it assumes a fine red colour, gives off an odour like that of nitro- 
benzene, aq^ deposits a yellow substance on cooling (Tummasi a. MeldoLa). 

Vbenyl-ltrdroxylaoatMilde, O^H^NO* » C*H».NH.C*H*(H0)0 (Tommasi, 
Cfie7n\ Soi?. Jour, [2Jf xii. 623). This compound, derived from phenyl-chloraoetaniide 
by substitution of HO for Gl, is prepared by heating phenyl-cliloracetamide (p. 6) 
in a long-necked flask fitted with a long narrow condensing tube,, and standing 
in a water-bath, with dilute alcohol (of 30°-40® B.) saturated with ammonia gas at a 
temperature of 40®-60°. After some time a crust of sal-ammonlkc forms on the sides 
of the flask, and goes on increasing for about twenty-four hours. The flask is then 
removed from the water-bath, and placed in a freezing mixture till the greater part 
of the remaining sal-ammoniac has ciystalltBod out, and the filtered liquid is mixed 
with a largo quantity of cola water, which separates a very viscid slightly yellowish 
liquid. This liquid is to be washed with water till all the sal-ammoniac is removed 
from it, then w^i aqu^us, and finally with absolu^) alcohol ; and the purified pro- 
duct heated for several hours in a. water-bath, whereby liquid is obtained, 

which solidifies in coolfng tO a sljghtly yellowish, easily friable somewhat re- 
sembling colophony. • 

This substance dried at 100® gave by analysis numl^ors agreeing with the formula 
CIl^NO’ or HHl. The molecule of water cannot be removed without 

partial decompositioD of Uie compound. 

Phenyl-hydroxylacetJimido begins to melt at 65® aM-bocomos perfectly liquid at 
115®. It is insiilublo in cold waUr, and decomposed boiling water, also by p<itash, 
flOiln, and baryta, with separation of a slightly alkaline oily liquid which exhibits the 
properties of aniline. It is insoluble in ether, slightly soluble in alcohol; insoluble in 
tiydnjchloric aci<i, cA'cn at the boiling heat, also in cold sulphuric acid ; but dissolves 
in hot sulphuric acid, forming a brown solution, which gives no turbidity with water 
or with aqueous ammonia, ^ It ^ attacked by hot nitric acid with evolution of red 
fumes, and the solution mixed with watom deposits a copious light yellow preci- 
pitJilc. • • 

Pheny 1-hydroxy lacetamide is isomeric with phenyl-glycocinc, the structural for- 
mulae of these two compounds being: • 

•CHK)n * 

••l I • 

• CO.NH(C*H‘) CO.OH 

henyl-liydroxylaoetamide. Phenyl-glyooclne. 

Voljrlaoecaml jio or Acetoliitil 0 i (^11XCI1').NBL(C^11*0). The para« 
piodiflfiation of |his oomriound, oxidised with potassium permanganate, yields an aceta- 
midobenzoi^ acid, C*H*(NH.C*H*0), CO.OH, which crystallises in needles, spartitfly 
soluble in water, more readily in alcohol, and melting, with partial decomposition 
at 250® ; easily converted by boiling Hydrochlonc acid into hydrochloride of paramt^ 
dobenzoic acia (A. W. Hoffmann, feut, Chem, Oes. Ber. ix. 1299). 

TolT'l-ctilontoetaiiUde or Cbloraoetolnide# C*H'*C1K0 CJpCl — 

CONH(tt*HHm*), (Mfyer, Beut, Chem. Ges. Ber. viii. 1154; Tommasi^ C5cfl». 
Soc. Jour. [2], xi. 911; xii. 628). This compound, called by Tommau, 
chloracetamide and CreeylchloracHamide, is prepareif, like the oorrapoiKUitf attilids» 
by thr |^ioD of cMoracetyl chloride on an ethereal solution of solid toiuidnSe. The 
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ether le evaporated, the residue repeatedly boiled aiw tha solution 

mixed -with water, which precipitates the chloracetdluw » 'tep (Meye^. 

Tommasi preparee it by adding toluidine in small ^uantaties to i^ocacetyl chloride 
in a cooled veeseL 

ChloracetoLuide crystallises from a very dilute boiling alcoholic solution in white 
needles, mating at 161*5*^ (lifoyer), at 162^ (Tommasi). It sublimes without decom- 
position — at 110^ (Tommasi) — and does not exhibit the unpleasant characters Of the 
anilide. It dissolves in alcohol and ether, easily when hot, sparingly when cold ; in 
water it dissolves but slightly, even at the baling heat (Meyer). ^ It dissolves in hot 
sulphuric and acetic acids, but not in hydrochloric acid. With nitric acid it appears 
to form a nitro-derivative (Tommasi). 

With ammonia, aniline, and toluidine, cl^oracotolaide reacts like chloraeetanillde. * 
With alcoholic ammonia it forms, according to Tommasi, to ly 1-hydroxy lac e- 
tamide, CH*(OH)— CONH(C'H^) ; according \o Meyer, tpiylamidodiglycoll- 

amido, qq ]SH(CH^) With nmliweit forms tolylamidogly coll-* 

anilide, CH*.NH(C’Hn— CO.NH((yil>), and with toluidine, tolylamidoglycoll- 
t o 1 u i d i d e, CH».NH(6H')— C0N1I(C^H») (Meyer). See Glycollamides. 

CH*OH ✓ • 

Tolyl-liydroxylaeetaiiiiite* of , is prepared, like 

CO.NH(C»H0 

the corresponding phenyl-compound, by the action of alcoholic ammonia on chh^r- 
acotoluide. When dried at 120®, it gave by analysis (mean) 66j21 p. c. carbon, T'44 
hydrogen, and 7*15 nitrogen, agreeing with the formula 2OH‘*N0* + 3H*0. The 
anhydrous compound has never been obtained. The hydrate is solid at ordinary tem- 
peratures, begins to melt at 70®, but becomes perfectly fluid only at 130°. It is in- 0 
soluble in cold watOL but dissolves partially in boiling water, with separation of a • 
small quantity of a vmite substance, having a greasy aspect, a slight alkaline reaction, 
and the smell of toluidine. This decomposition is much more easily effected by solution 
of caustic potash, soda, or baryta ; tolyl-hydroxylacetiimide is slowly attacked by cold, 
quickly by warm nitric acid, with forraationof a compoui^ which does not dissolve in 
water. It is insoluble in hydrochloric acid, oven concentrated and boiling. It dissolves 
sparingly in cold, s<iraewhHt more freely in hot sulphuric acid, without blackening 
(Tommasi). # • • 

Xylylao>ta^de or A o « t o X y 1 1 d e, • C*H»,NH.C*H*0, or 
C?®1I®((3H*)* NH.(PH*0. When the modiflcation of this compound which melts at 
127®-! 28® is mixed in hot aqueous solution with a concentrated solution of potassium 
permanganate, a product is formed, which appears to be a mixture of two acMs, one of 
which — easily isolated, os it forms an insoluble copper salt — is a c e t am i d o-p h t h a 1 i c 
acid, 0**U*(CO*H)^'NH(C‘JIPO), (Hoffmann, Deut, Chein. Gvb. Bcr.in. 1209). 

ITapbtliylacetaiiitde, C'*li\NH.C‘'Il*0 (Tommasi, Omipt. rend. Ixxvi. 
1267). Formed by the action of acetyl chloride, acetic anhydride, or bettor, glacial 
acetic acid, on naphtliylamino. Crystallises in while silky needles, molting at l/)2®, 
subliming at 160®, slightly soluble in boiling water, readily in alcohol and in dilute 
acids. With nitric acid it yields a mixture of nitro-componnds which hare not yet 
been examined. • 

Navhthyl-chloracetamide. C'^H^.NH.fJ'HH^JlO, prepared by the action of chlomcetyl 
chloride on naphthylamino, crystallises in colourless sil^y needles, which melt at 161®, 
and are soluble in alcohol and in acetic acid (Tommasi). 

AQarasrrZi-BBXruWa, or Phenvl-acctyhme, C’HCOH*) » 

OH* — C^CU. This hydrortirbon. prepared by dry distillation the barium salt 
of phenyl-propiolic acid (1st SSfttppl. 6), is re(»nvorted into that acid by the joint action 
of sodium and carbonic anhydride : ^ 


OH*— CeCH + Na + CO« - C^0-4J00Na^ + H. 

The phenyl-propionic acid tlius produced melts at 136®>137®, and is identical with 
that whioh Glaser obtained from cinnamic acid (Patero6, Gaezetta ihimU^ itaXiand, 
ii. 653 ). 


AOBTIO AOXSI. Formaiionand Prvpai^ticn , — This acid constitutes the lower- 
boiling portion (below 125®) of the crude fermentation butyric acid, obtained by leav- 
ing a mixture of malt, milk, chalk, and minced®meat to stand for several weelu 
(Grillone, 2ftd BuppX, 227). Accoi^ling to B6champ {Compt. rend. Ixxvi. 836) it is 
normally present in milk, tt^ther with aleohol, as a product of Uie action of mitiro^mes. 

In preparing glacial acetic acid by distilling acetic acid with*strong sulphuric acid, 
some ai^hors recommend the use of I equivalent mol.) hydrogen sulpluita to 
1 eouiv.*8odium acetate, whereas others recommend twice that pnfiortion of (ydrogen 
sulphate : — • * 



ACETIC ACID. 


"9 



SO«H* 


iSO*Na* + Cm^O* 
SO^NaH + C*H*0*. 


(See Gmelin 8 Handbooi^ yin. 387.) 

According to F. (^, 2 ?«je). Pha^m. xx. 28) the emaUer proportion of acid, 
that is to saf 4-4^ pts. strong sulphuric acid to 12 j>ts. drj^sodium acotate, is sufficient 
for th&purpose. Ha^r, on the other hand, maintains tliat to ensure the complete 
separation of the acetic acid, without decomposition or formation of sulphurous iicid, 
double that quantity of sulphuric acid must be empk»yed. B. Hirsch {N. Jahrb, 
Pharm, xlix. 270) recommends as fke best proportions, 10 pts. by weight of crystallised 
B^i%m acetate, 4 pts. of strong sulphuric acia, and (3*9 pts. =» 1 oquiv.) previously 
diluted with 2 pts., water, that is to say, he considers 1 eq. or 4 mol. sulphuric acid 
sufficient to expel the acetic acid from 1 mol. sodium acetate. The dilution of the sul- 
phuric acid with half its weight of water is found, however, to yield much bettor results ^ 
yian the use of the undilulfed acid. An increase of the quantity of sulphuric acid to 1^ 
or If equiv. does neither good nor harm if tho acid be difnted with water as just stated ; 
if, however, tho acid is to be used without dilution, it is better to use a l#rgor quantity, 
in order to avoid the high temperature and consequent liability to decomposition 
attending th^uso of the smaller proportion. 

Solidifying Temperatures of Agueom Acetic Add . — Grimaux (OampL rend. Ixxvi. 
486) has determined the crystallising points of mixtures of glacial acetic acid and water, 
with results differing considerably from those of Riidorffi (2Mrf Suppl. 5). The numbers 
in thlb first and second columns of tho following table indicate the proportions of 
glaciai acetic acid and*water by weight. 


> Water. 



Water. 

Aootic acid. 

s 

Temp, observed, 
mean. 

7'31 

13-25 

23-52 

31-18 

33-56 

38-14 

44-50 

92-69 

86-75 

76-48 

68-82 

60- 44 

61- 86 • 
55-50 » 

+ 5*4® 

- 1-4 

a 11-7 

19- 0 

20- 6 

24-1 

22-3 

t 

49*38 

56-54 

01*68 

69*23 

70*23 

79-22 

81-89 

60-62 
43-46 
38*22 
30-77 
23-77 
20-78 
ifTrt ^ 

- 19-8® 
10-4 

14-5 

10-9 

8-2 

7-2 

6-3 


From this table it would appeiir that the lowest freezing toraperatnro ( — 24*1®) 
answers to a mixture containing 37 «r 38 per cent, water, that is tx) an acid represented 
by tho formula C’-'H^0®.2H“0. According to Riidorff, on tlie other hand, tho lowest 
freezing temperaturesof tho aqueous acid is + 0’2®, and answers tx> a mixture con- 
taining 1 3*04 per cent, water. 

Estimation and Separatwn . — In tho volumetric estimation of acetic acid and its 
salts in presence of mineral acids. Or. Witz {Vinyl, poly f. J. ccxiv. 312) recommends 
the use of methylaniline- violet as a colour-tost in place of litmus, because it is not 
affected by acetic acid. Minor»*l acids, oven in very small quantity, change the violet 
to a bluish green. The violet will yierefore show at once whether a sample of vinegar, 
for example, contains even a trace of minenJl acid ; and the amount both of tho 

f f - 1 -- -f At-- A* tc.t 1 _ .I..A : 1 1 .a e „ ..A 1 1 j_ 


of acetic acid may b» determin«l*by difference. With this test also the acittic acid in 
acetates may bo readily estimated by means of a standarfi mineral acid solution, tho 
change of colour^n the violet not taking place till the IjaHlc constituent is noutmlised 
and a slight excess of mineral acid is left free. Free acetic a<*id, if pr©s**nt, may be 
easily estimated in the usviil manner by means of litmus; solutions containing only 
sodium acetate are rather l>efrund tho limits of this method ; but it is 
sufficiently accuig^ with solutions containing of that salt, and in a case of greater 
concentration is quite satisffictoipr. 

In estimating the acetic acid fn lead xcetate by this method, it is best to predpitato 
the load with mdium sulphate, as its prf^scnce in the s^^lution interfem with the 
delicacy of the reaction. It is not mecessary to Alter the liquid, but a little inora of 
the violet must be added than would otherwise be needed. 

For thaseparation of hcetic from pro|noiue acid by conversion into lead salts, see 
2nd Suppl. 1010. • 

Mutued VisplaeemeTU of Acetic and Formic Add*. — When a mixture of ooe^ and 
sodium ta^panU is didtilled, a vecy considerable quantity of formic acid is founS in tbs 
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diatillatel but even with a large excess of acetic acid eS^plete decodipyition o? the 
formate vraa never obtained. ^ ^ 

Most of the formatee which are soluble in acetic acid are decomposiblo wn like 
manner, some indeed without oven the application of heat ; thus, pohissium formate 
dissolves in acetic acid, and if allowed to evaporate spontaneously, giv^s a residue 
consisting mainly of potassium acetate. There would appear, therefore, to be an 
equilibrium established between the quantity of formic acid set at liberty, and of#cet^e 
prodneed. 

When one part of sodium formate is dissolved^with heat in five parts of mono- 
hydrated acetic acid, crystals are obtained on cooling, which have the composition 
NaO'H*Oa.2C*H^O» + NaOHO»2CH*0* (Lesemur, Buil. Soe. Chim. [2], xxiii. 25^. ^ 
JMolecular Compound o f Acetic Acid with Bromine and ffydrobromic 
^eid ^ — The mixture of bromine, acetic acid, hydrobromic acid formed in the pre- 
paration of bromacetic acid was observed by Steiner (Bettie CAem. Ges, Ber, yii, 1841 
to solidify at a low temperature to a mass of crystals having the composition 
(C*H'*0*)*,Br*.VBr. The same compound may also bo readily formed by saturating 
acetic acid with hydrobromic and dry hydrogen bromide, then cooling the liquid and 
adding bromine. The crystals, after draining on a porous tile, melt, with decomposi- 
tion, at 8°. They are also decomposed by wat^, and yield bromace^c acid w4ien 
heated in sealed tubes. 


Metalllo Acetates. Ammonium Acetate . — Commercial amm<41ium acetate 
is an acid salt, and if it has been prepared by heat it also contains acetamid/. It 
may be obtained pure by evaporating the solution of the coiflmercial salt with an 
excess of ammonia, completing the evaporation at a low tomperiituro. It must then 
be loft to cool in ammonia gJis, broken up, and left for several months under a bell-jau 
filed w'ith ammonia gas. The salt thus prepared has no acid reaction ; it crystallisej 
in long needles retSsmbling potassium nitrate, and dissolving in water with rise of 
temperature. In this respect it resembles the acctiites of potassium and sodium, 
which may also be ol)tainod anhydrous by drying them at the ordinary temperature, 
and likewise evolve heat in dissolving (Bertholot, Bull^Soc. Chifn. [2], xxii. 440). 

When commorcial ummouium acetjito is dissolved in its own weight of crystal- 
Hsable acetic acid, an acid ammonium acetate is obtained which cr>\stalli8es in long 
brilliant necflles, having the composition 3C’‘*U*O'^.2(NlI*C“U*O'‘0,H“O (Bertholot, 
XXiv. 107). mmimm 

Sodium Acetate . — Kei sch aucr (C/icw. Cenie 1860, 87*^^ found that crystaUisod * 
sodiifln acetate, C*H*NaO* + 611*0, loses the whole of its water in a vacuum at the 
ordinary tehiporaturo, and that in this state it may bo fused without sensible loss of 
weight. The fused snlt, if exposed to a damp atmosphere, quickly takes up ;il>out 14 
mols. of water, forming a supersiiturntt'd solution ; w’hereas the unfused salt takes uj) 
from the air only the original 6 mols. water, without any dfcsontial alteration of 
appearance The siijicrsaturatod solution, if quickly brought in contact with hard 
bcalioH, soliilifies, with great rise of tomporaturo, to a moist crystalline mass, which on 
simple desiccation gives up only the quantity of wjiter (8 mols.) which is in excess of 
the 0 mols, of the onlirinry crystallised salt stable at ordinary temperatures. 

The thermic relations aceompjinying these changes have Iwien investigated by 
Bertholot {litUf. So<\ Chim. [2|, xxi. 60), with tbe^'ollowing results: — 


Heat cTolvotl. 


(1) Vacuum-dried salt dissolved in 30 parts of water 

at 7® . . . . 

(2) Fus<tl dried salt dissolved in 30 parts qf w'ater 

at 7® . < 

Heal evolved by action of hydrochloric acid (1 cen- 
tigram to 2 litres) on .solution (1) 

Heat evolved by action of hydrochloric acid (1 cen- 
tigram to 2 litres) on solution (2) . . . 

Heat evolved by action of hydrefehloric acid (1 cen- 
tigram to 2 litres) on solution of hexhydrated 
salt 


The vacuum-dried salt dissolved in water evolves . + 3-27 kil.-degrees 

The fused salt + 3*21 „ 

From these results it appears that the anhydrous acetates of the alkaWmet.als are 
the Bunie, iu whatever way the dehydration may have been^effeeted ; also tliat the 
solutiqps of the anhydrous and hydrated salts are identical. Reischaueris re.sults may 
perhaps be explained on the supposition th^t the dehydratio# of the aqptate in a 


+ 4*08 kil.-degrees 

■k\23 


+ 0-8» 

»» 

+ f)i«3 

• 

• 


+ 0*85 

vacuum. 

I* 
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yacn^ takfis place rather and th^ the Bmalleafc quantity of hjdmted aalt 

IS sumcient txfpMvent^the formation of a supersaturated solutioD. At au erente this 
Bolutioqimay be'supposed to contain either the anhydrous salt or a hydrate urith less 
than 6 mols. water. Moreover, since by addition of water to this solution a dilute 
solution is formed without any considerable alteration of temperature, and since the 
addition of the crystallised hydrate to a solution supersaturated, but diluted with so 
much water that nothing is separated from it by contact with the crystals does not 
give tise to any peculiar ^ermie action, it is probable that even dilute solutions still 
contain anhydrous salt mixed witj^a quantity of the hydrated salt^ perhaps increasing 
with the dilution. It is the sudden formation of the solid hydrate in the crystalline 
statff and through the entire solution that destroys the state of supersaturation, just 
m in sodium sulphate and other salts. 

Action of Carbonic Acid on Sodium Acetate. — A saturated solution of sodium 
acetate is decomposed by^ carbonic acfd at the tomporaturo of a mixture of snow • 
iWid salt, with formation of acid carlionate, NaHCO*, and free acetic acid (Set- 
schenow, Jkui. Chem, Gcs. Bcr. viii. 640). ^ 

Alcoliollo Acetates. Acetic Ethere. — Petoni6 finds that in the prepuration of 
ethyl acetate (also of ethyl iodide), it is not advisable to use perfectly anhytli^us 
mafhrials, a tmtter yield being obtained when a little water is present {Gaas. Chim. 
Ital. W* 149). According to Schiff {Deut. Chem. Get, Ber, vii. 692), the same obsOrv- 
ation is applicable in etherifications in general. 

ion of Bromine on Acetic Ethert. — When methyl acetate is heated to 160° 
with 6 at. bromine, h3'4lrobromic acid and methyl bromide are produced, together with 
a laminar crystalline substanco having the coin}x>8ition of hoxbrominated methyl 
acetate, C*Br*02. compound melts nt 86° 87°, crystallises from ‘alcohol in 

Reedies, emits a vapour which attacks the eyes, and is eiuaily decomposed by fixed 
alkalis and by alcoholic ammonia, a humus>liko substance being formed in the latter 
cose. The action of bromine on methyl acetate likewise gives rise to a small quantity 
of bromoxaform, which is decomposed by alcoholic ammonia, with production of 
dibromacetamide and bromoform. 

Ethyl acetate, treated ^*lrith 2 mols. bromine at 160°- 160°, is for the most 
part converted into ethyl bromide and dibromacetic acid, together with sniall quanti- 
ties of brominatgd ethyl bromides and pcutabromqjjited etliyl acetate, 

This latter product forms a colourless oil having an ct iioreal and boiling with 

decomposition above 2(^°. Alcoholic uminonia converts it into wlibrormteetamido 
(m. p. 156°), ammonium bromide, and a syrupj' substance. • 

The action of bromine on ethyl acetato probably oousists, in the first insUinco, in 
tho formation of brominatod derivatives of ethyl bromide, which are afterwards 
decomposed by tho hydrobromic acid simultaueously produced (A. Btvinor, DmU. 
Chem. Ges. Her. vii. •'jOl). 

When broinino is mixed with ethyl acetate at ordinary temperatures, heat is 
evolved, the product retains the wjlour of bromine, and does not crystallis© by cooling; 
and when distilled under re^lucod pressure gives off’ at 4f)°-46° a liquid having the 
composition (C*H"0^)‘'Jlr*. On tho other hand, when a stream of dry air is passed 
through a mixture of ethyl acotate and l>romino in any proportions, tho excess of one 
or the other is carried away till the residue has tho composition 0*H"0*.Hr*. This 
compound dccunipo.ses nt 140°-16o°, yielding «ihyl bromide, hydrogen bromide, and 
Lromucetio acid (^hutzenberger/ Soc. Chim. [2], xix.47). 

Dcixtmposition of Ethyl Acetate by Heat. — When tho vapour of this ether is passed 
through an iron tube healed to a tcniper:il«re somewhat below dull redness, it is 
resolved into acetic acid and ethouc : ^ 

* C’U*O.C’H» = + C*1I*. 

If, however, tho heat be raised to dull redness, the acetic acid is further resolved into 
acetone, carbon diuj^ide, and meiheuf ; ' 

CHVCOOH « CH* + CO*. 

and 2(CH»CO01T) = CTP.CO.Cfl* + CO* + H»0, 

Acetoacetic Bttaora aad Uielr aerlTWtlvea. — The prwlucts obtained the 
successive action of sodium and alcollolic iodides, chlorides, &c,, on ethyl ablate (lit 
Suppl. 16, 689), have been further examined by Wislicenns and his pupils {Deut. 
Chem. Gem Ber. vii. 683^, viii. 1034, 1200; Lietiife Annalen, clxxzvi. 161), and by 
Oppenheim a. Precht (Jhut, Chem. Ges. Ber. vii. 929 ; ii. 318). 

1. Wislicenus finds, in accordance with Gouther, that the only products formed hy 
tho direct ^ionof sodium on ethyl aceUd«, are sodium ethylate, C*H*NaO, and w thy 1 
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BGatoflodaeetate, OTI'KaO* (Geuther’s aodinm eth;lc^c«tate ; Wankl^’8 Boilntn- 
triacetjlX and he explains the reaction by the equation , 

2(OH*.COOC»H‘) + Na* - NaOC*H* + CH*.CO.CHNa.COOC*H* + t*. 

Oroenbeim a. Fiecht, in accordance vith Wanklyn {lit Suppl, 15), explain the 
result by the action of 4 at. sodium on 3 mols. acetic ether : — • 

3(CH*.COOC*H») + Na* - 3NaOC»H» + CH».CO.CHNa.COOC*H*ja ^ 

According to this equation, 4 at, » 92 parts of sodium should form 1 mol. = 130 
parts by weight of acotosodacetic ether, or 1 part oftodium should form 1*41 parts of 
the ether. In four experiments 1 part of sodium gave 1-6 parts of the ether. • 

The action of sodium on acetic ether generally begins in the cold, with evolution of 
hydrogen ; but, if the ether be previously treated with phosphoric anhydride, which 
^removes alcohol as well as water, and then distilled, perfectly pure ethyl acetate passes 
over, which is but slowly attacked by sodium even at the heat of the water-bath, 
nnd without evolution of hydrogen. This result is in accordance with thft 
observations dl Wanklyn and of I^enburg, who purifies his acetic ether with silicic 
chloride (2nd Sitppl. 7), also with the original experiments of Ldwig a. Weidmaun, 
mode in 1 840. 

2. Et hylic Aoeto-aeetate, « 0H* -CO— CH»— CO*<5*n‘ . (dfeu- 

thor’s Etkyl-diacetio acidt Wanklyn’s Hydrogm-tTicLcetyl or Acetate of acetethyl). 
To prepare this compound in the pure state, Oppenheim a. Precht ado^ a method 
differing but slightly from that ori^nally given by Geuther (Is^ Suppl, 16).^ The 
product obtained by heating sodium with excess of ethyl acetate^ while still warm, and 
therefore dissolved in the acetic ether, and without purification by washing with ether 
or solution in water— is mixed with the quantity of glacial acetic acid r^uired to con- 
vert it into the acet^acetic ether, and then with water; or, better: The weighed quantitj{ 
of glacial acetic aciU is mixed with four times its weight of water, and the product 
obtained by treating 1 pact of sodium with 10 parts of ethyl acetate (i.e. with a large 
excess) is poured while still warm into the acid liquid. The mixture of acetic and 
aceto-acotic ether thus produced floats on the solution sodium acetate formed at the 
same time, and is decanted therefrom and subjected to mictioual distillation. In this 
manner 2 kilograms of pure aceto-acotic other, boiling at 180^-181®, may be prepared 
in a few days. ^ ^ 

Mixtor (Dcut. ChmomOea, Ber, vii. 5221 prepares the same ether by the action of 
acetyl chloride dfi the product obtaine».l by neating ethyl acoAte with sodium. In this * 
case rtio ucotyl chloride first acts on the acoto.sodacotic ether, Cll*.CO.CHNa.CO*C^lI\ 
replacing its sodium by acetyl, and the pro<luct thus formed is subsequently decom- 
posed by water into acetic acid and ethyl aceto-acetate. 

Ethylic aooto-acotato gently warmed with a dilute solution of potassium perman- 
ganate IS oxidised in the manner indicated by the equation : • 

CH».CO.CH»CO.OC=U* -h 0> + 3KOH - 
CII*.CO»K + C*0*K* -f. 2WO + C"H»Oir, 
the only acids formed being acetic and oxalic (Emraerling a. Oppenheim, Deut. Chem, 
Gee. Ber. ix. 1008). 

Kthylic acoto-aoctate, heated with uni/iwe, yiel<^ diphenyl-carbamide, acetone, and 
alcohol : • 

cH».co.ca»co.oc*ii‘ ? - co(xuc^ii')» + co(cii>)’ + C'H'Oii 

(Oppenheim a. Precht, ihid. • 

3. Kthylic acet o-acotato formaitl^ starling point a largo n^ber of derivatives. 
Sodium di.ssolves in it with'ovolutlqll of hydrogen, and if the liquid bo dilated with 
anliydrous ether, or better with putft bj^nzene (3 mols. benzene to 1 vol. of the aceto- 
Acetic other), the reaction goes on witft gmit regularity at the boiPRig y>oint of bon- 
seno, 1 at, sodium (never more) boiM ii^roduced into 1 mg^. of the ether: — 

CH» CO— CH*— COaC*ll» + « H + CU*— CO— ClfS’a— CO^QTP. 

It IB best to use an excess of sodium, decant the liquid as soon & hydrogen ceiAcs 
to escape. The acotosodacetic ethex^^jilis produced crystallises out on cooling, and 
remains, after evaporation of the l>eniB^ as h snow-white mass having a silky lustre. 

By treating this compound with \iL64odideSt bromidesj &c., of organic radidee, the 
atom of sodium may be replaced in perfectly dedhite proportion, yielding compouihU 
having the general formula : ^ 

CH'— CO— CHX— COOC^*. . • 

where ^ denotes a univalent organic radicle, or the equivalent quantity of a rnultt^ 
raleiit radicle. Thus by treating 76 grams of e^ylic aceto-acotatsswith ami ttiu 
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resulting aceto-soda<^^ate with ethyl iodide^ Wisliconus obtained, alter 

three fractional distUlations, 66 grams of pure ethylic acetethylacetate, 
CH»— iO— CH(0*H»)— COOC?H», boiling between 193<» and 19&^ the only 
other product being a small quantity of dehydracetic acid. Equally definite are the 
reactions with benzyl chloride, benzoyl chloride, ethyl chloracetato, &c. 

In the products of this first synthesis — but not before — a second atom of hydrogen 
m^y M replaced by sodium. Ethylic aceto-acetate dilated with benzene dissolves 
exactly 1 atom of sodium — never more-yielding ethylic acotosodothyl- 
acetate, OH*.CO.O(C*H*)Ka,CQ^C*H* ; which again reacts in a similar manner with 
oig%pic haloids, yielding with ethyl bromide, for example, a comparatively large 
ouantity of ethylic acoto-diethylacotate, CH».CO.C(6*H»)*COOC*H*, boiling at 
z08^-211^. The secondary products were of insignificant amount, including a small 
quantity of dehydracetic acid. 

In a similar manner /wo different organic radicles may bo introduced into the« 
tnolecule, producing compounds represented by the general formula : 

CH*^CO~CXY-~COOC»H^ (Wislicenus). ^ 

4. To explain the formation of ethylic acoto-diothy lace tato by the action 
of •ethyl iodide on a mixture of ethylic aceto-sodacctato and sodium ethylate', in 
Frankkind a. Dappa’s synthesis, \jeuthop suggested that the ethyl of the sodium 
ethylate, iri^rosenco of ethylic acetate, replaces the atom of hydrogen in the ethylic 
acet^-ethylacQtate. Wislicenus, however, shows by experiment that this is not the 
caso^'but that sodiut^ ethylate acting upon the aceto-acetate or oceto^elhylacetate of 
ethyl, forms the corresponding sodium-derivative, together with ethyl alcohol, thus : — 


and, 


CH» 

CO 

CH» 

COOC*H» 

CH» 

CO 

CH(cnp) 

COOC=^Ii» 


+ C»H‘ONa « cm^on + 


C*H»ONa C»H*OH + 


CIP 

CO 

CHN^ 

COOCPH* 

CH* 

CO 

C(C»lI»)Na 

cooc^^n* 


An experiment with 40 grains of pure ethyl acoto-acoiato aadej^gmuis of pure and 
dry sodium ethylate gave 14*4 grams of ethyl alcohol, tlio calculacW quantity being 
14*1 grams. • 

From the facility with whidi those transformations occur, it is easy to see that in 
the action of ethyl iodide on the crude product ohtainetl by treating ethyl acetate with 
Sfjtlium, the rciiction V)etw'con theothylic aceto-ethyl acetate formed in the first instance, 
aini the sodium ethylate still present in the mixture, must give rise, first to ethyl 
lu etothylsodacotato, and then to ethylic acot^Hliothylacetato (Wislicenus). 

o. The resolution of the ketonic acids into homologues of jwetic acid and other 
products, among which dehydracetic acid, is invariably found, is attributed 

by Wislicenus to a reaction between tlie sodic and non-sodic accto-acetic others, as re- 
pre.sentfHl by the following w^uation : 

Cll* CIP CII> 

4CO ^ CO ^ CO 

CXY CXNa C^HNaO^ j ^0000*10 ^ OXIT 

cooC‘ii* cooc*H* ^ coocm* 

whore X Y denotd^oithcr organic radicles or hj^Mgon-atoms (Wislicenus). 

6. FAhylic fice^y-txceinUf heated in a sealed filDo to 230^-260*^, is decomposed into 
ethyl acetate s^^d dehydracetic acid, as v^rsventod by the equation : 

4(CU*.C0.C^1^.C0.0C»H»> - + 4(CII».CO.OC^H‘). 

Ethyli'^acetO'Cthylacetate remains unaltered Ufli^SO^, but is decomposed at 300^ in Uie 
same manner aif the aceto-acetate (Conrad, Chem. Gcit. Bcr. vii. 688). 

7. Ethylic Jiemoylaceto-acetat^^^^EL}^0^, is formed by the action of 
benzoyl chloride on ethylic acetOBodacotatot^^ ‘ 

CH» '* OH» 

. + COC*H*C« - NaCl + gfi.coOH* 

COOC>a» COOC'H*. 

Thia ethar is decomposed by heat into ethyl beneoate and dehydrscetie acid : 

• - ac'*u“o* - 2 C*H*(c*n*) 0 > + c*u*o*. ^ 
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V OO.CH* 

Treated "with alcoholic potash, it does not yield the double hetone | ^ as 

might be expected, according to its constitution, inasmuch as this ether is itself de- 
composed by the pitash, giving poUsaium acetate and phenyl-methyl kctpno, together 
with small quantities of potassium benzoate and acetone (J. 13onn6, Deut. Ckem, Ges, 
Ifer. vii. 689), f 

8. Ethylio Allylaceto-acetaie « CH».CO.aiI(CH* CII— CH*).CH®.CO-CnP, 
is formed by the action of allyl iodide on eth^c acotosodacetatc. This ether 
boiled with alcoholic potash is easily resolved into alcohol, carlxmic acid, and aKy 1- 
acebono or methy 1-crotonyl ketone, CH* — CO — CH'(CII* — -011 = 011*), a ligbA 
colourless oil boiling at 130®, 

^ Ethylic allylaceto-Bcetatc heated with pure sodium ethylate (? hydrate) yields 
large quantities of othylic allylacotate, CH-(C“H*) — CO'-'C^H* : — ^ 

CH* 

%CH* II 

OO CH* 

CH.CH».0H=CH* + NaOH = nrinva + CIP 
COOC»II* 

COOC*U^ 

a liquid boiling at 142®-144®, from which allyl-acotic acid, CU-(C^l!')— Cf^OH, 
may be obtiHinod in the usual way (Zeidler, ibid, viii. 103a). • 

Kthylic allylaceto-acetate, dissidvcd in aqueous alcohol nml* treated wiili sodium 
amulgam, is converted into a-ally l-/3-oxybut yric acid (Zoidler) 

CH* CH* 

•+ 2IPO Na* = cnvoil + NaOH + P-"(CU) 


CH(C*H*) 

CO.OC*H* 


CU(C*U*) 

COONa. 


Uohutylio Aceto-acetate, C'*II‘K)» ^ CH* -C%--Cn2~C0-*[CFI*.(;nr^ 
is prepared by treating the product of the action of soaiuni on i.sobnyll aci tate with 
glacial acetic. acid, in the manner above described for the propamtion of ethyl aceto- 
acetate (p. 12), It is a colourb^.5S liquul which smells faintly fd fc^nei, has a sp. gr. 
of 0’979 at 0®. and at 23®, and boils with decomposition at 2();P. It dissolves 

sodium rapidly, ^nd on mixing the solution with .sodium isobntylato, C<Il"ONa, and 
chlorsform, boiling the mirfairo with caustic soda, and julding hydrochloric acid, 
yellowish flocks are tlirown down consisting of oxyuvitic acid, C®H'*0* (p. 17) 
(Kmmerling a. Oppeaheim, Dmt, Cbf7n, Ges, litT. ix. 1096). 

10. Ethyl Acvtodi’-isohutylaeetate, C*«n^O* - CH*.CO.C(C*JP)^CO.OC*H\ 
— This other is prepared by the action of isobnlyl iiKlidc, tir^t at mdinriry tem- 
poraturo, afterwards at the heat of the wat«»T-l>jith, on the product of the action 
of sodium ou acetic otlior, and is separated fr».)ni the crude pro*lnct (boiling at 
130°-260®) by ropwited fractionation. It is a liquid of agreeable (Ki<*iir. having a sp. 
gr. of 0*947 at 10®, and lioiling at 250® -253®. It dissolves in all projxjrtions in 
alcohol and other, and forma with fiftning sulphuric acid, asulpho-ncid which yields an 
nncrystallisablo l^irium salt. * • 

The lower-boiling pordops-of the CTude product t^poar to contain othylic aceto- 
monobutylacstuto. Wlion iho portion boiling between 200® and 210® is boiled with 
baryta- water,' large quantities of barium carbonate are deposito^l, and the mixture, 
distilled in a current of steam, yields a l^uid, smelling like amyl accUitc, boiling at 
144®-"14(5®, insoluble in waW^r, ou which it float.s, btft. soliilde iri^alcohol and ether, 
forming eolations which arc neutral to vegetable colours, This^lRpiid has the com- 
position 0*H‘*0, and niavhe regarded as isobuty^l acetone or met^iyl-isopcii tyl 
ketone, CH*--CO— CH*(Cni *), (Mixter, Dew/. Chrm. Gc.^. Ber. vii. 499). 

11* Ay ZicJ?c» foes/ e-acc/af e,^C**H**0* = CH*.C<^CH(CH'-C"H*).CO*C-H*, 
IS forn&ed by the action of benzyl cldoride on ethyl sodacotate. When dccOhipo-sed 
by aa alkali it yields mothyl-phenyl-ethy I ketone, CH’~ C<l — C^K^C^H^, 
a liquid boiling at 233® (tUhrlich, wid, 690). 

The same ether atom of sodtum, fonniug ethyl i ' sodio-beuzyl 

acoto-aoetate, and tH^ypponverted by benzyl chloride into cthylic dibenzyl- 


acoto-a'oetate, and tlW 
aceto-acet^te : — 

OH*.CO 


CH*CO 


C*H>.CU’C1 




COOC’H* 


I «r 

COOC’H* 


•% 
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This last eth^ is a viscid oilruot distillable without alteration. 

Etlylic beiiz}d-ac^tato is converted by nivscont hydrogen evolved fpom sodium 
amalgam into a- bettjEyl-/a-oxybut yr i c acid, CH*.CHOH.CH(C^H^).COOH 
(Ehrlicli. ibid. 1036). 

12. Etlt^ylic Methylaceto-acetate 186^-186®). formed by (ho action of 
nmthjA iodide on ethyl sodaceto-ncetate, is converted by so^liuni amalgam into 
aiphamethyl-beta-oxybutyric acid (Kohrbock, ibid. 1036); ethylic othylacoto- 
acetate in like manner mto<*the corresponding ethyloxybutyric acid, 
CHi-CHOH->CH(C-H*)— C00H(Waad8chm1dt). 

13. Eihylic Methyl-ethylacefo^cetate, CH*.CO.C(CH»)(C^H»).COOOTP, 
Termed by the action of methyl iodide on ethylic Bodethylaceto^acotHte. is a colourless 
mobile oil boiling at 198®. Distilled ^ith dry sodium ethylate, it yields ethylic 

#iothyl*ethylacot COOC-H*, an oil boiling at 132^, which yields, 

by the usual method, mothyl-ethybacetic acid, COOH, 

boiling at 173®, and resembling opticiiUy active valeric acid, in every respect except* 
in^ thdt its barium salt is uncrystillisjible (Saur, ibid. 1037). • 

14 * Ethylic aceto-acctato saturated at ortlinary temperatures with drj’’ chlorine, 
is converteiinto ethylic ace todich loracetate, C*H“Ol*O.COO(?'H\ a colourless 
oil, ^'hicli lx>ils at 20€5®-207®, is resolved by heating with water to 120® into alcohol, 
carbon dioxide, and d4chloracotonc, C11*.OO.C11C1*, boiling at 120®, and by saponi* 
fication chiefly into acetate and dichlonvcotate. Both theso reactions show tliat 
ethylic acetodichloracctate has its two chloriuc-atoms united with the same carlion 
^atom, but leave it undecided whether its constitution should be reprosented by the 
formula : CHCP--CO -CH»~COOC-IP, or by CH*^CO— CCl»-aCOOC»H». 

Ethylic ethylaccto-acctnto, treated in like manner, takes up only 1 atom of 
chlorine. Hence there can bo but little doubt that ethylic ethylacetochloracetate, 
boiling between 215® and 220°, has the formula OH*,CO,OCl,C*H'‘.OOOC*H\ 
which moreover leails Ui thff second of the above formulae for ethylic acetodichlor> 
acetate. 

Ethylic othylyctochloracotate, heated with watot^to 180®, is resolved in U) alcohol, 
carbon dioxide, and met^ l-chroropropyl ketone (b. p. 130®) : 

CIV • CIl»^ 

ccl.cni* + + co» + 

CO.OC=H» CH»(CH*) 

(Conr.id, ifiid. 1038)^ 

15. Diethy I ic Ac ci onto lonale, is formed by the action of ethylic 

ehloro-carlj<jnate on ethylic acetosodacctuto : 

CH»CO 

1 CH*.CO.CH.CO.OC»U» 

CJlNa + CI.CO.OCW - NaCl + | 

1 ^ ^ * CO.OC»H* 

CO.OC*H» • 

It is a colourless oil, of .sp. gr. 1*080 at 23®, boiling at 238®-240®. 

16. Dielhylia Accto8uecinatejC^^ll?*0*, is pralfcofl by the action of ethyl 
monochloracetato oif ethylic acotosodacetate (Conrad) : i, 

CH»CO • CH»0(/ 

I w CHHin 

CHNa + I « NaCl + ClI.CID,CO*C»H» 

I 1 

o co*C5^i» co^c^ip 

17. Diclhy lie a-Ethy l-aceiosuceinate, w formed by treating the 

sodium derivative of dicthyliK: acetosuc^inate with ethj^d^do : 


CH*CO 
i 


CHKSil 


CNa.CH*.COHi» + C*n»I - Nal + 6(0^).CII*.CO*C^* 


fcO*C*H* - 


I 

CO*C*H* 


It bruls at 263®'-26«5® and does not dissolve sodium, either at onlioary temjjj^ntttroi 
or wheik^ntly lieatbd (Huggenberg, JJeui. Chein. Oca. Her. riii. 1200). 



16 AOETO-ACETIO EtJeRS 

18. Dieihylic ^Ethyl^acetosuceinatej i» obtained^by the action 


of ethyliv: aceto»odacetaie on ethylie a>biomobiityrate : 

CH^CO OH*OH» CH»CO 


CH^CH* 


ijHNa + 

1 

^HBr = NaBr + 

1 

L 

-im ■ 

1 

co*c^n» 

co*c-u» 

1 

CO^C^H^ 

CO®C«H» * • 


It 18 a colourlesa oil which boila at 262°, and dHtolves sodium, with evolution of 
hydrogen, at ordina^ temperatures (CJlowes, ibid, 1208). ^ • 

1 9. When ethylie aceto-acotate is heated to 100° for three hours with half its wei^M 
of anhydrous yru»9tc acid, and theproduct is afterwards heated with hydrochloric aciu, 
the following reactions take place : — • 

' OH*— 00— OH>— C0»O>H» + ONH - OH*— OCtt[<^, I 


OH*.COH<[^ 


!H».00»O>H* 


3H*0 = NH* + 0*H*O + OH*.OOH<S^^ 


CH*.CO=C*H* 


Theproduct is a modification of oxypyrota rtaric acid, which has not been 
obtained in the ciystalline form (Demar^ay, Cornet, raid. Ixxii. 1337). (S^o Cfkv- 
pYROTaRTaRic Acid.) 

20. Action of CS* and Metallic Oxidec on Ethylie Aceto-aceiaic. — WHfn this ether 
is heated to 100° in a sealed tube with carbon sulphide and lead oxide or zinc ^idc, 
a small quantity of carbon oxysulphido is formed, together with a hard mass mostly 
consisting of load or zinc sulphide, from which boiliiig alcohol extracts a prmluct 
crystallising in small woolly straw-yellow needles, melting at 166°-162°, and giving by- 
analysis numbers agreeing with the formula This substance is the ethylief 

• . . ^co cn* 

ether of thiocarbaceto>acetic acid, C*S:=::C^^q 32 I , and its formation may 
be represented by the equation ; 

+ FhO = l>bS + !!*• + 

Bthyllo Aceto- acetate. Ethylie Thlocurl)accto*acctuto. 

The acid CH-rrCll — CO®II ^t^iocar bacotic acid) of iWiich thiocarbaceto-acetic 
acid is the acot;^*wrWorivativo, has not yet been obtained (Norton a. Opponlicim, 
Chent . Oes . /At. x. 701 ). • 

2t. Action of Carhtm Disulphide on Ethylie Sodacetate. — The crude product of the 
action of sodium on acetic other is readily attacked at a gentle heat by carl^n 
disulphide, yielding iv solid dark brown product, and a solution containing the pro- 
ducts of decomposition of scKliiira xantliato, together with sodium sulphide. On filtering 
off the liquid' and washing the renidtio with water, a light red soflium salt is obtained 
having the composition C’®li‘“S*O^Na, and yielding, by double decomposition with 
calcium chloride, a calcium salt, (C'®H**S*0*)'Ca. 'VVith mercuric chloride, load 
nitrate and a strong solution of zinc sulphate, the sodium salt gives orange-coloured 
precipitates ; with iron salts a brown ; with silver nitrate a dark rod precipitate, soon 
turning brown ; and with copper sulphate, a black precipitate. 

The acid C**H’^*0* (thiorufic agid) procipi«8tod by hydrochloric acid and from 
the sodium salt, forms darJi orange-coloured nacreous ^palcs very much like azobonzene, 
nearly insoluble in water, very soluble in alcohol and acetic acid, and decomposing 
readily when the solutions are ovaporat^. The formation of thiorufic acid appears 
to take place by two stages*: 1. The action of CS* oi^ the ethylie ^odacetate gives rise 

to the sodium salt of acetylatod cthyl-tUionmloiiic acid, 
according to tho equation : % 

CH*— CO— CHNa— CO.OC*H» + CS’ = CH*— C#— 

and ibis salt reacts with tho sodimo xanthate formed at tho time fn suck a 
manner as to produce sodium thiorufate, together with sodium sulphydrato : — 
^t_cO . • • CH»— CO 


> HO- 
CO.< 


— CSSNa + 




XaHS 


. L^X?S.SNa 
r\CS.( 


. ^CS.OC*H» 

ThWrufatc. 


hOC^H* 

Aoetetbyl'thionmlonate. Xanthate, 

On boiling the thiorufate with soda-loy in a vessel fitted with a reversed condenser, 
tlie salt acquires a transient red colour, and ^jgo quantities of lAiohol are ^rodiict'd. 
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together vithg^be enjt of a new orange-red acid rery eolnble in water (Norton a. 
Oppenhpnif loe^ cH,) 

22. Action of Chloroform om Sodaeeiio JStior . — When chloroform is added to pure 
e^ylic aeetoeodacetate, brisk tumefaction and ebullition takes place; but on 
distilling the liquid, nothing passes over except acetic ether and tribamo formic 
ether, ^^en, however, chloroform is added to the crude product of the action of 
sodtntn on acetic ether, and the resulting mixture of ether is boiled with caustic 
soda, till a sample of it no longer grields an oily product on addition of an acid, a 
solutionis obtained from which hydrochloric acid throws down oxyuvitic acid, 

< CH* 

QPH^O* «• C*H* \ OH , in yellowish docks, which may be dissolved in a large 
'(CO*H)* , 

qp^tity of boiling water, and decolorised by animal charcoal, the acid then sepa- e 


x^tins on cooling, in thin cSlourless needles. 

This add results from the action of 1 inol. 
sodacetate. : — 


cliloroform on 2 mols. ethylic 


CO,OC*H* 


(N^H)C 
Etlfj'llc Ac 


)C-CO— CH=» 

Acetosod acetate. 


CO.OO*H* 
i— CO— Cl 


(Cl*)O.H 

Chloroform. 

(Na)HC-^CO— CH» 
IjO— OC>H* 

gthylio Aoetoaodaoetate. 


— (2NaCl + HCl) 


\!H— CO— CU* 

io_o(?H». 

Intermedlata product. 


CO— OC»H» 


C-C»] 

H— C C.1I[H](H) -H'o 
'^(H).0(0)CH* 


CW.OC’U* 
rnterinedJate prwluct. 


^ co.ocnp 
^ \ 

II C - H 

I 

CO.OC»H». 
Oxyuvitic other. 


(Oppenheim a. Plaff, Dcttf. Ch^?n, Grs. Her, vii. ®29.) 

As already observed, however, the oxyuvitic acia is not produced fh>m chloroform 
and ethylic acetosodocotnte alone; its formation requires the mtervention of sodium 
ethylate, which, in fact, is present in the c^de' pn^duct of the action of sodium on 
acetic ether. Moreover, the addition of sodium ethylate to the mixture of chloroform 
and pure ethylic acotosodacetato at once detenniDes tne formation of the oxyuvitic acid. 

As the bibasic oxyuvitic acid is formed alWtho expenso.of 1 mol. chloroform and 
2 mols. ethylic acetosodinsetate, the sedium ethylate appears toact by introduciug into the 
residue of 1 mol. acetosfldacetic ether remaining aftor the partial action of the chloro- 
form a second atom ^ sodium, whereby the thi^ chlorine-atom of the chloroform can 
bo separated. ^ ^ 

That the ethyl-group in the ^dacetic ether is not di^tly concerned in the forroatien 
of the oxyuvitic acid ft shown by the fact that this acid, and not s higher hoaologue, 
is formed in like manetr from isobutyl acetate (hhnmerling a. Oppenheim, p. 14). 

Oxyuvitic acid belongs to the aromatic group, and accoi^ngly ^ ves a XM coloration 
with ferric chloride; its formation affbrdsf therefore,* an example of the passage foom 
the fatty to the aromatic group. * , 

The product obtained by treating pgre ethylic acetosodaeatate with cfa]oroii;|ym alone 
gives no colour reaction with /exric chloride, and therefore does not 'betontt' to tlm 
aromatic group. It appears to be a tribasic acid resulting from the action of 9 moljC 
chloroform on 1 moL aqetosodacetic ether (Oppenheim a. Preefat, J>eut, 


Ber. ix. 321). 


*. U. 'O’Jtl). 

Sromnoo«ic ifro lda - — Mo nobromaeotio acid tmites with methyl 

ming thS componna C*H*S. C*H*BrOk ^hicb may be formulated ae Uie q y d ro* 
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bromide of a base, OH[*SO*, called methyl-thetine, analogous in cpnstitiftion to betaine, 

SI* CH*.COOH \ OH*.COOH 

iBr i-Br 

Mflthyl-thetine hydrobromldo Betoine hydrobromide ^ 

The constitution of the so-called methyl-thetino is similar to that of the sulphine- 
compounds discovered by v, Oeffele (v. 881); fChnim-Brown a. Letts, Veut, Chem, 
Ber. vii. 696), • 

Dihromaeetio acid, C*H*Br®0* « CHBp*.COOII. — L. Schaffer {Veut. €h^, 
Gt8. Ber. iv. 360) has separated this acid from the bye-products of the manufacture 
of bromah The portion of the crude prodtict which boils above 180° was mixed 
with water ; the aqueous solution decanted from the airbon tetrabromide which 
separates, the% neutralised with barium carbonate ; and the crude barium dibrcffn- 
acetate thus obtained was purified by treatment with animal charcoal and repeated 
crystallisation. From this salt the acid was separated by sulphuric Eicid. 

Bibromacetic acid forms thick white crystalline masses, but cannot bo obtained in 
well-defined separate crystals, as it does not solidify till tho last trace of the soivent 
has been removed. It is easily soluble in alcohol and ether. It smells laiutly of 
acetic acid, and its vapour strongly irritates tho mucous membranes. ^It boils, with 
slight decomposition, at 232°-234° (according to Perkin a. Buppa at 225^230°). 
Tho obsoTvations of its molting point vary from 45°-50®, as fho acid quickly absorbs 
moisture froin tho nir. The acid, if not quite pure, does not solidify at* all in a 
vacuum, or only after a considorablo tinio; but, on adding strong sulphuric acid, crystal- 
lisation takes place in a fow minutes. 9 

Tho dibromacotatos, with exception of the silver and mercurous salts, ale 
veiy soluble in water and in alcohol, and crystallise well. The potassium salt, 
2C‘‘'HBr*OK + ll^O, forms largo prisms permanent in the air; the ammonium salt 
white transparent prisms. The barium salt, (C*HBr*0*)*Ba + 4H*0, forms la^e 
' ' ' i effloresce very quickly on < 


shining colourless prisms, which i 


> very quickly on exposure to the air. The 


(0®HBr^O*)'^Pb, crysbillisos in stellate groups of small white shining needles. 
T salt, C*HL.*0'^Ag,^rin8 small white neodle-sh^pwl crystals, which blacken 

Ti 1 -*..1- A.i 1-. 


when exposed to ligh t, 
deftimposes gjifffliluly 


The silver i 

It detonates when heated, with formation of silver bromide, 
_ by keeping, and is deifbmpoKcd By water, with separation of 
silvfr bromide. The mcrcurotts salt crystallises in small white shining lamina*, which 
behave like the silver salt when heated with water. The ci hylic ether obtained by 
Ixiiling an alcoholic solution of tho acid mixed with sulphuric acid, is a colourless oily 
liquid, insoluble in water, soluVdo in alcohol and ether, and having a disagreeable 
otfour recalling tliat of peppermint oil. It boils constantly aqd without decomposition 
at 192°. When gently heated with alcoholic ammonia, it is converted into dibrom- 
acet amide, which separates on cooling in long, brittle, shining, needle-shaped 
crystals moiling at 166° (SchiifFcr; compare Perkin a. Buppa, Chem. Soc. J. xii. 1, 
and this Dictionary, i. 666). 

Tribromacetio acidy C’'HBr*0* ■= CBr*.COOII (SchSffor, loc. cit,; Gal, Compt. 
rend. Ixxvii. 786; compare Is# p. 18).-^This acid is most easily prepared by 

dissolving bromal or l#omal hydrate in warm ni^ic acid. The reaction is complete 
alter some hours, and if tho nitric acid is not present in too great excess, the tribrom- 
acetic acid ciystallises in laminw, which may be separated from the liquid and purified 
by recrystallisation. • * 

Tribromacetic acid forms tabular, transnar^t, colourl^s crystals, which are 
permanent in tho air, hate a strong lustre, ana, according to B. Broth's measurements, 
Mong to tho monoclinic system. Combination <x>P + oP ; cl^vage perfect parallel 
to — Poo. According to approximate measurements, the angle ooP : coP «■ 111® 11'; 
ooP '.oP - 109°54^;oP :- Poo = 107° 42'. • 

The acid dissolves easily in water, alcohol, and ether, anfi may be obtained in 
crystals from these solutions. The vapours are pungent, and 4mre a slight ^our of 
acetic acid. The acid melts at 130° (Sch&ffex); at 135° ana boils at 250° (Gal). 
The acid when dry may be touched with impunity ; but if moist, it produces violent 
inflammation of the skin (Gal); 

The tribiomacetates, excepting the silver ai^ mercurous salts, are easily soluble in 
water and in alcohol, but are decomposed in solution even at a gentle heat, into 
bromofonn and the corresponding carbonates ; e-y. ^ 

0»KBr*0* -I- H*0 - CHBr* + KH0O*. 

The Aee acid likewise splits up in the same manner when its^aqueous or alcoholic 
solution is heated. « • 
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The ^C*.Br*0*Na + 6H*0, forms highly lustrous white Isminm ; the 

barium stfjt, (C*Bp»0*)*Ba -f 8H*0. thin tabular crystals; the copper ealt, 

nodular ot small, bluish-green, needle-ehaped, easily soluble cmtals ; the lead 

salt, (C*Br*p*)*Pb, stellate groups of small compact needles. The eUver ealt, 
0*Br*0*A^, forms small, laminar, very unstable crystals. The mercuroue aalt Torms 
small lai^ufle, and decomposes either when moist or on exposure to light (Schaffer). 

4lilor acetic Acid. When dry hydrogen phosphide is passed into monochloiv 
acetic acid, hydrochloric acid is evQii7ed,‘and chl&racetyl phoephidSf C*H*C10PH*, is 
form|4> This substance forms a yellowish -white powder, which in the moist state is 
slowly resolved into chloracetic acid and hydrogen phosphide. Its alcoholic solution, 
whin evaporated over the water-bath, leaves a strongly acid syrup, which refuses to 
solidify (Steiner, Deut. Chem. Ges. Bvr, 1178). 

• Methyl Monochlwacetate^C^ll'^C\O^.GB.\ may be prepared by passing hydrogen 
chlcride into a solution of monocliloracetic acid in methyl alcohol (L. Hefiry, ibid, yii. 
742), or by the action of monochloracetyl chloride on methyl alcohol (P. J. Meyer, 
ibid, vlii. 1152). It is a colourless mobile liquid having a rather pleasant odour, 
sp. gr. *= 1’22 at 16°. Vapour-density, 3*71 (calc. 3* 7-y. Boiling point 126°--1 27**, 
uuder^ pressure of 767 mm. (llenryj; 129° (Moyer). It is insoluUe in water, and 
not decomposed tliereby, or very slowdy if at all. It does not give off hydrogen 
chloride when ^treated with sulphuric acid. It is isomeric with methylene aceto- 

cbloride0CH*<^J2j,Q2 ^2nd Btippl. 80), formed by p.asBing clilorino into cooIcmI 

methylic acetate (Henry). It is converted by ammonia into chloracotamhle, 
CH*Cl.CONH*, by aniline into chloracetanilide, CH'-*Cl.C0NH(0*H*), and by tolnidino 
intp chloracetoluide, GH’Cl.COlSH(C’n'), (Moyer). 

•Ethyl Dichloreicetate, CHCP.CO•C*H^ is best prepared by adding 1 mol. chloral 
hydrate to 1 mol. potassium cyanide under absolute alcohol, whereupon a brisk action 
takes place, accompanied by evolution of hydrocyanic acid ; 

COP— Cn(OH)* + CNK « CHCP.COnT + KCl + CNH 

and 

CHOP— CO*H C*H‘'OH CHCl*.CO*cnP + H*0. 

• • '’V 

Water added to the product s^arates a hetivy oil, from which, by frn{;rional distillg- 
afion, ethyl dichlorocetate is dutained, bailing between 164° and 167°.^ 

Prom this ether dichloracetic acid may bo conveniently prepared by mixing I rfol. 
of the ether, diluted with about an equal volume of alcohol, with a pur© alcoholic 
solution of 1 mol. potassium hydrate, whereby it is converted into a thick crystalline 
pulp of potassium dichloracetato ; subjecting this salt in a combustion -tube to the 
action of hydrochloric aci^ gas, which it quickly absorbs; and Anally hunting tho pro- 
duct in a slow stream of tiie gas. Dichloracetic acid then distils over, as a liquid 
which boils at 189°-191°, and solidifies below 0°. The quantity obtained is very 
nearly equal to that required by theory (Wall ach, Chem. Gee, Ber, vi. 114; 

ix. 1213 ; X. 477 ; compare Ccch a. Schwebel, ihuL x. 288). 

The compound which Amato obtained {2nd Sujypl. 9) by treating ethyl dichlor- 
acetate, dissolved in alcohol, with a sligHtly Bcidulatsu solution ^ potassium cyanide, 
and supposed to have tho composition <3H(CONH*)®.CO*C*H*, has ooen found, on further 
examination, to be merely ullophanic ether, C*1PN*0*.0'H*, resulting from tlio action 
of potassium cyanate contained in the crude cyanide on tho alcohol useil as a solvent 
{Gazz. chim. ital. iii. 4604. * 

Trichloracetic A0id, CCP.COOH. — A, Clermont {Ann^ Ch, Pkye. [6], ii. 401 ; 
Compt, rend. Ixxvi. 774 ;^xxxi. 1270), prepares this acid by oxidation of chloral 
hydrate, either with Jhromic or with nitric acid, or with potassium permanganate, 
(a.) A strong solution of chromic ^id is poured by small portions into a cooled strong 
solution of chloral hydrate ; one half of the liquid is saturated with potash, then 
mixed with the^her hau; and the solution is left to evaporate, whereupon potassium 
trichloraC^tate crystalling out in octohedrons. (6.) Chloral hydrate is mixed with 
3-4 times its weight of fuming nitric acid, and the liquid is left to itself for 8 to 15 
days, according to the temperature and thelbrigbtness'of sunshine to which St is ex- 

rin t-liA Vw^ilinor rwunf vnetAa tri lOA^ vKara if. iwinniiia Annafanf A 

clear distillate is tbns obtained which selidifies at 44*8°, with a rise of temperatnre to 
52*4°. (See also Temmasi a. Meldola, Chem. 8oo. Jour. [2], xii. 314). (c.) The con- 

centrated solnfrioD of 1 mol. potassium permanganate and 2 mols. chloral hydrate an 
mixed together, whereby Aid trichloracetate of potassinm is prorluced ; and the soln- 
tion of ^8 salt, freed by filtration from brown manganese oxide, is distilled with 
concentrated ^hosphoria acid ; the liquid which passes over at 195° consists of fore 
tricblorBCetic acid (Clermont). * • 

c 2 
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The meteUic trichlorBcetates aio nsnaUy ptopared by 
bonstM or oxides with trichloracetic acid. Clermont ha« alSo prepared «ie 
and acid potaaaium salts by oxidising chloral with potassii^ permanganaw j tnea 
salts are nearly all ciystaUisable, but decompose when their ^ueous solntions are 
heated. 'Thqr may be ciystallised by eyaporation oyer caustic lime, or wlphuno 
acid, or hr exposing saturated solutions to the varying temperature of day ana 
night. ^ , 

The tnchloracetates of iron and cobalt are not crystalline ; the neutral potassium, 
calcium, and thalUnm trichloracetates, ciystallliB in needles ; the acid potassium, am- 
monium, and thallium trichloracetates, in octohedrons; the neutral ammenium, 
lithium, strontium, nickel, and lead salts form prismatic crystals; the barium, ync, 
and silver salts crystallise in small tables ; sodium trichloracetate resembles the 
acetate, and copper tridiloracetate has a i^rm similar to copper sulphate, while the 
magnesium and aluminium salts form crystalline crusts.* 

The mej^urous salt, falls as a white precipitate on mixing potasllum 

trichloracetate with mercurous nitrate ; by washing it quickly, dissolving it in a large 
quantity of water, and leaving the solution to evaporate, it is obtained in tufts of 
small crystals. The mercuric salt, (C*Cl*0*)*Hg, ctystallises from a solution of yellow 
mercuric oxide in trichloracetic acid in prismi^ic needles, slightly soluble in^ater, 
easily in alcohol and ether. The einc salt, (C*Cl*0*)^n + 6H“0, sopntates from 
solution, after prolonged exposure over lime, in shining micaceous, v§py deliquescent 
lamins. Triehtoraeetate of urea, C*HCl*0*.CON*II*, sei^rates in brittle pla^ from a 
mixture of the solutions of trichloracetic acid and urea in ablolute alcohol (Clermont). 

Potassium trichloracetate heated with bromine to in sealed tubes for 

six hours is decomposed, with formation of bromotrichloromethane: 

^ CCIKCO^K + Br» « CCl»Br + C0» + KBr. 

A small quantity of carbon trichloride, 0*CP, appears also to be formed. 

CMortne and iodine chloride act but very slowly on potassium trichloracetate under 
similar circumstances, yielding, after prolonged heating, only a small qu.antity of a 
heavy oil, probably CCi^ With iodine, a small quantity of a crystalline body is 
obtained resembling OOP, and probably consisting of the corresponding iodine com- 
pound (vant Hoff., J)eut, CMSfn, Ges, Ber, x. 678). • • 

Trichlorac^c acid is converted by PC]* into tricjiloracetyl chloride, C*Cl*O.Ol 
p. 118®) foy bromine and phosphorus, into C*Br’'0.l5r. Vfhen phosphortts tri^iodtke 
is ludded to fused trichloracetic acid, hydrogen iodide and much free iodine are evolved, 
and a brown distillate is obtained, which is nearly decolorised by mercury, and 
appears to boil at about 180®. It is decomposed slowly by water, quickly by alcohol, 
with formation of ethylic trichloracetate (H. Gal, Compt. rend, Ixxvi. 774). 

On the decomposition of ethyl trichloracetate by sodium ethylate, see Klien 
{^Jenaische Zeitschr,/. Naturw, x, 63; Chem, 8oe. Jour. 1877, i. 291). 

OlilorobroiiiaoeUo Aolff. C“H*ClBrO® - CHClBr — COOH. — Produced by 
heating 1 mol. monochloracetic acid with 2 at. bromine in sealed tubes to 160®, opening 
the tubes from time to time to relieve the pressure of the evolved hydrogen bromide, 
and afterwards heating the mixture till the^ reaction is complete. The transparent 
and colourless prodqpt, which bdlls at 200®-230®, yields, by fractional distillation, pure 
chlorobromacetic acid, boiling at 201®. Tb^ acid does not ciystallise; it has a 
pungent odour, and destroys the epidermis. All its salts are easily soluble in water ; 
the silver salt crystallises in needles^and its solution quickly decomposes, with separa- 
tion of chloride and bromide of silver. * 

Ethyl chlorobromacetate is easily produced ^v heating ^ alcoholic solution of the 
acid in a reflux appamtus standing in the water-Sath. It is a colourless liquid, boiling, 
with pnrtial decom|JOBition, at 160®-16d®, and having an agrmble odour of pepper- 
mint. Treated with aqueous ammonia, it yieldiu the amide, GHClBr— OONH*, 
which czystallises in long needles, melting at 126® (t^ch a. ^.einer, Deut. Chem. Ges. 
JS^sr. viii. 1174). ^ 

AOSTZe aSOMUBS or JLOami aaoiazaa, C*H*OBr. This body unites 
with tUdehyds, C*H*0, forming the compeund C^H'BrO*, which is also nroduced by 
the action of phosphorus pentabromide on aldehyde. It boils with partial decomposi- 
tion between 136® and 146® (Tawildaxow, Chem. Ges. Ber. vii. 731). 

Aostvl bromide, heated to 100® in a sealed tubq with Tnetkyl sulphide, yields a 
heavy which, on cooling, deposits crystals of trimethylsulphine, ^e remaining 
liquid apparently consisting of methyl thiacetate : * 

CH*COBr + 2(CH*)*S « (CH»)»SBr + CH».COS(CH») 

(Oshours, Cbmpf. rmA Ixxxi. lies). •? C' 
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Tnc^r<u»tjt hrcmide^ C*C1*OBp, formed by the aetioo of bromine and amorphous 
phosphor^ on trichlowetic acid, boils, after rectification, at 148®, and is decomposed 
by water, with formation of trichloracetic acid, by alcohol with formation of ethyl- 
trichloracetate (Gal, BulL 8oc. Chim. [2], xx. 41). 

ACIWXO CBlbOXXXia or AXiWmu OK&OUBB. — ^tbn of Zinc. — 

Gerhard^obtained by this reaction a brown amorphous product, together with sine 
chloride ; Tommasi a. Quesneville (Compi, rend, Ixxyi. 496) have obtained a body 
which they term acetylx^^ having thi composition C‘*H**0*. It may be purified by 
evapmting off the excess of acetyl (diloride, dissolving the residue in alcohol, and 
pr^ipitating with water, the process being repeated several times. It is soluble in 
alcohol, ether, hydrochloric acid, fuming nitric acid, acetic anhydride, and chloroform; 
^combines with bromine ; does not reduce Vupropotassie tartrate. 

Tommasi a. Quesneville suppose that this body is formed, together with water and 
acetic acid, by the reaction — ^ 

l0C*H*OOl + 6Zn = 6ZnCl» + 2H»0 + 2C*H«0» + 

0»H»— O 

1 

C»H*— O 

Actuni on Nitrates and Nitrites. — Silver nitrate is immediately attacked by acetic 
chloride with evolution of heat, the products being acetic anhydride, together with 
sitrer chloride, nitrogen totroxido, ana free chlorine : 

2C?H»OCl + AgNO* ^ AgCl + NO» + Cl + (C»H*0)*O. 

Similar results are obtained with other nitrates. Mercuric nitiate, lead nitrate, and 
potassium nitrate are attackod immediately; barium nitrate is not affected, but 
calcium nitarato is readily acted upon by acetic chloride. In the case of potassium 
nitrate, the gas evolved at the begizming of the reaction consists almost wholly of 
chlorine, the nitrogei^ tetroxj^e appearing only towanlbi^e end. 

VotcLssium nitrite is readily attacked by acetic chloride, giving off a gas which 
rosemblos chlorine in appearifflce, but ajipeara to consist of nitrosyl chiMde. Towaf^s 
the end of the reaction nitrogen clioxi<le is also given off. The reaction probably 
takes place in two stages, according to the equations : 

C'‘H*OCl + NO^K - NOCl + C»H*0»K 

C='H*OCl + C^II»0*K - KCl + (0*H*0)»0 

(Armstrong, Chem, Soc. J, [2], xi. 683). 

ikCBXXO OSCXXIB or AirarrDBXSB, (C>H*0)H).-<Respecting the action of 
this compound, and of acetic acid, on ammonium thiocyanate, see Fbbtuioctskio 
A mo and Thiocyxhatics. 

ikOBXXC XB08PHXBBS (A. ^iner, Dcuf. Chem. Gen Bar. viii. 1178).- 
The compound C*H*O.PH^ analogous to acetamide, does not appear to be formea by 
the action of acetic chloride on phosphine, the .only products of this action being 
hydrochloric acid and solid phosphide of bydrogfpi. 

Monochloraeetic Ph^phide^ C*H?ClO.PH* « CH*C1 — COPH*, is prepared by 
passing phosphine gas in%> monochloracetie chloride as long*as the fi^^bubbles can 
moke their way throijph the resulting mass. This mnw is then kneaded in a mortar 
with cold water, till it fiills to a uniform yellowish-white powder, which is then dried 
in a vacuum, dissolved in cther-Acohol, and the solution is evaporated under the air- 
pump, . • ^ 

Monachloracetic plg8phide is a white powder with a tinge of yellow ; in the moist 
state it is slowly resolved into phosphine and chioracetic acid : 

CPHH310.PH* + H*0 - PH» + CUi-ClO.OH. 

Its alcoholic sblution, evaporated ovei^the water^bath, leaves a stroi^j add i>ynip« 
which no longer solidifies. The phosphide heated on platiaum foil tehee fire ami 
leaves a resitjina of charooal. 

Triehloraeetie PhotphMe^ (PCl*O.PH*, also called CUoraoeiwtkide^ was obtained bj 
does in 1846, by the action of phe^bine on trichloracetic diloride. and on etbylie 
perchlorofoiBiate, C(?1(4PC1*)0*, whicn splits up when bested into carbonyl ehlhride 
and trichloracetic chloride (i. 979). •• 


and aktnbute to it the structure — 

% 
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ACmiTIC WZCMJkTM, or ACSTTrL VZC&ATBf (;;B]gp^ 27 () 2 ^s f Q* When 

I pak ot picric acid and 4 parts of acetic anhydride are heated in a reflux-apparatna for 
two houra, a yellowish liquid is obtained, which consists of acetic anhydride holding 
acetyl piciate in solution. On adding water, this compound is pij^ipitated as a yel- 
’ Jowiah-white ciystalline powder, which is to be washed with water and dried first by 
prassure and then in a racuum. Acetyl picrat© melts at 75® — 7fi®» becoming pale 
yellow and oily; at 120° it gives off acetic acid ; at 180° it darkens, and at 260® it 
completely decomposes. It is soluble in ether, aliR)hol, and ethyl acetate, in sulphuric, 
nitric, and hydrochloric acids. A few hours’ exposure to air, and even less whe* in 
contact with water, ctiuses it to become yellow, owing to partial decomposition. Wjfih 
an alkali it splits up into pi crate and acetate of the alkali-metal. The ethereal 
solution, when evaporated, deposits beautiful arystals of a deep yellow colour. Acetyl ^ 
picrato does nob detonate when struck, unless mixed with |)Otas8ium chlorate, in which 
case it exploddb with violence (Tommasi a. David, Compt. rend, Ixxvii. 207)< ^ 

AOBTZO fllTBnZTB, or ACBTlTZi SmbPKZTB, (G2H*0)2S0*, is obtained 
by dropping acetic chloride on dry lead sulphite, and subsequent distillation. It is a 
colourless, strong-smelling liquid, which is decomposed by water into sulphuroui^ and 
acetic acids (Tommasi, Chem, News. xxix. 260). • 

ACBTO-ACBTZC BTB1SR8. See p. 11. # 

AOBTOCBZfOltB'nBOSB, OlD(G’^H*0)<0l0^~-0n tile action of nit^c acid 
on this body, see Glucose, under SuGAit.s. 

AOaTOOKTOOXOBKOSBTDBZW, OU' ] is produced by hca» 

ing 1 part of ethylene hydrochloride (glycol-chlorhydriu), C?H* I with part of 

acetic anhydride to 110'^ in a sealed tube (Ladenburg a. Demole, Vent, Chem, Ges, 
2fer, vi. 1028), 

ACBVOirilf CO(C}i*y,--Fontiatio9ifrom Glycerin, Tlie product C»II‘Cl*BriO, 
obtained by the action of bro^Fe on dichlorhydnn, is slowly converted into acetone 
by the action of zinc and dilute sulphuric acid at about 49*^, a br^minated compound 
(probably isopr^jyl bromide) being formed at the sumo tiejie (Tiange, Dcut, Chem, 

Jaer, vi. 98). 

Iteaciion with Cyanides and Thiocyanates. — On adding hydrochloric acid to a 
mixture of pobvssium cyanide, potassium thiocyanate, and acetone, the compound 
is obtained — 

0»H«0 + KCN + KONS + WO + 3HCI - C^H^OWv + 2KCI + NH^Cl. 

Wheu heated with hydrochloric acid, it is resolved into acetonic acid, carbonic anhy- 
dride, and ammonia. With silver nitnite it yields tlio silver derivative, C*H*AgO*NS 
(Urech, Dent. Chem. Gcs. Ber. vi. 1113). 

On the Condensation-products of Acetone, see Mesityl Oxide and Fhobokk. 

Bbomachttonks. — hjtpnobromac^no is obtai/ied by adding the required quantity of 
bromine to a solution di one part of acetone in lObparts of water. It is a colourless, 
refractive liquid having a veiy irritating smell ; it is decomposed by heat, but may 
be distilled with steam ; it forms a crystalline com^uud with acid sodium sulphite, 
and a crystiiUine but very unstable ^compound with dry ammouia, while aqueous 
ammonia converts it into basic compounds. Dibremacetone a less pungent smell, 
and combines with acid sodium sulphite. On adding blbmino to a well-cooled 
aqueous solution of acetone, the compound C*ll*OBr* is formed, •/hich has previously 
been observed by Linnemann ; it explodes when freed from water (l^kolowsky, 
JPM. Chem, Gee. Ber, ix, 1687 compare let Suppl. ; 2nd Swp>pl, 13). 

Ckloraoktonbs (Kraomer, Deut, Chem. Gee. Ber, vii. 2t2; BarbIgUa, vii. 
467; 0. Bischoff, ibid. yiii. 1329). The products obtained by Ihe action of Shlorine 
on acetone differ according to the degree of purity of the acetone employed. With 
perfectly pure acetone separated from the bisulphite-compound, the chlorination does 
not go beyond trichloT^icetone, whereas with the so-called pure acetone, found in 
commerce, which boils at f>8°-68°, and still retains methyl alcohol not separable by 
firacUonatton or by caLium chloride, the chlorination goes as high as tetrachlor- 
acetone. Commercial acetone is also more readily attack^ by chlortile than the 
pure compound, and assumes a groon colour at an early stag^f the reaction, whereas 
pure qcetone remains colourl^ till completely saturated with chlorine (Bischoff). 

According to Grabowski {Beut. Chim.jGee. Ber, yiii. 1436), when pare acetone 
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i® treated with diy chlorine at ordinary temperaCtires, theki hMted to 
stream of chlorine, and lastly distilled, large quanUties df ini^and 
dicfaloracetone pass over below 170®, and then between 170® and 180^ «b liquid^ 
which when treated with a very weak sointion of potassium dichromate and enlphuriA 
acid, then washed with water, with dilute potash, and again with water, and afbM> 
waros dried over calcium chloride and several times fractionally distilled, ultimately * 
ymlds^ nearly colourless liquid of sp. gr. 1*880 at 29®, boiling at 186®, and having 
the composition of amylic chloral, O^H^d^O, vapour-density 6*56 (calc. 6*9). The 
formation of this compound may He represent^ by the equauon : 

^ 6C»H»0 + 7Ci« - 3C»H»C1*0 + 6HC1 + 2H*0. 

The portion of the original distill^ boiling between 180® and 210® was decolor- 
ised by chromic acid mixture, then washed with water, and distilled with over-heated 
•team at 180®, whereby a nearly colourless liquid was obtained, which passed over 
between 200® and 230®, and was separable by repeated fractional distulation into 
six portions, boiling respectively below 200®; between 200® and 205®; 205® and 
210®; 210® and 216®; 216® and 220®; and above 220®; the thermometer remaining 
constant for the longest time between 210® and 215®. This fraction exhibited 
nearly ,tlio composition and vapoifr- density of tricliJoromesityl oxide, C*H^C1*0 (vap-. 
dens. obs. ; calc. 7'05). This compound is a nearly colourless heavy liquid, boiling 
at 206°-2o»®, and having a sp. gr. of 1*326 at 26®, and a sharp pungent odour 
like^hat of dicblomcetone. It becomes violet -coloured during distillation, but 
colourless again on cooling. Strong potash attacks it violently, forming a brown 
resinous product, having an aldehydic odour. Strong sulphuric acid decomnoses it 

• completely, with evolution of hydrochloric acid. Its formation is representoa by the 

• equation * * 

2C»H*0 + 3CI’' = C*H'CI»0 + 3HC1 + H*0. 


Uloliloraoetone, C*H''CL^O. This compound is obtained very nearly pure by 
saturating pure acetone with dry chlorine at low tem])eriituro8. The hydrochloric 
acid, which is absorbed by the product in considerable quantity, is most easily re- 
moved by digestion in an apparatus with reflux c^denser. The resulting liquid, — 
which is perfectlytcolourfess, bog' ns to boil at 126®^ud passes over for the most part 
at 130® — yields, after a few fractionations, perfectly pure dichlorjj^cotono, as a liquid 
boiling at 120°, and havii^ an agrcdhblc, somewhat pungent odour, *Vith sweet ^ftor 
flavour. 

If the acetone bo not well cooled during the passage of the gas, or the chlorine 
not absolutely dry, and if the pro<iuct bo Anally 'warmed and saturatwl with chlorine 
in sunshine, trichloracotone i.s likewise formed in quantity about equal to that of the 
dichloracetone. Ace^no containing methyl alcohol likewi.se yiehls dichloracotono 
when treated as above, but the product consists chiefly of the more highly chlorinated 
acetones. 

Dichloracetone admits of two modifications, viz. : 


Symmetrical CII^Cl — CO — CU^Cl 

Unsymmetrical . • w * *# * CIICl* -CO — CH", 

the latter being formed, us above elescribod, by the action of* chlorine on acetone, the 
former by oxidation of symmetric dichlorhydrin (2nd Suppl. H). Both of these 
varieties admit of polymerissition, the unsymmetrical variety apparently in two modi- 
fications, the symmeVrical in one. • 

Unsymmetrical A^ymeridee.-^^ Mulder, in preparing. ordinary dichloracetone by 
the electrolysis of a mixture of acetone and hydrochloric acid, obtained also an 
isomeric body bofflng at 136®-140®, which he called isodichloracrtone {Deut, Chem, 
Ges. Ber, v. 1009). The sany modification has boon separated by Bischoif, from the 
portion of the prodi^ct of the action of chlorine on acetone at low temperatures, -uOiich 
boils at 130®-16U®, ^d is intermediate in composition between di- and tri-chlomce- 
tone.*^ On ndxing fliis liquid with water, and exposing it for some time to a low tem- 
perature, a solid hydrate of trichlorace^ne separated out, and the reniaimiig hquid, 
subjected to repeated fractional distillation, yielded successively porttons boiling at 
140®-! 50®, 13d®-140°, and 132®-135°. The composition of theac products v 
follows : — * 


C 

H 

a 


B.-p. B.-p. 

t6-97 28*1 

2*87 2 9 

• 56-35 55*7 


B.-p. o*H*a^ 

27'9 26'3 

3*0 8*t 

56 1 55% 
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The fiLret portion is intermediate in composition between di- Wicmoraceione. 
The seoond and third have the composition of dichloracetone, and are rega|ded by 


gas was passed into acetone kept cool by a mixture of ice and salt, in didhs^ day- 
ught, till the weight of the liquid had increased by about two-thirds. The crude 
product was thrown into cold water, and neutralised with marble, and the liquid was 
then distilled with steam. The distillate formed t#o layers, the lower of which was 
dehydrated by calcium chloride, and submitt^ to fractional distillation, ^e yA- 
altered acetone was again acted upon by chlorine, and the total product divided b]^ 
fractional distillation into six parts. In the part obtained between 140^ and 170^ 
^ve fine prisms appeared in the course of a fbw hours, having a melting point of 
44^ These ciy^ls are easily sublimed, and volatilise in the air. They are insolu- 
ble in water, but easily soluble in alcohol and ether. The alcoholic solution showf 
very clearly the phenomenon of supersaturation. The crystals, well dried between 
filter-paper, are inodorous, and give by analysis numbers agreeing with the formula 
of dicmoraeetone. 

Three determinations of vapouiwleDsity, made with Hofmann's apparatus, •at 
198®, and with dififerent quantities of substance, gave the numbers 69*67, 79*72, and 
113*36 the formula C*H^C1*0 requiring 63*6, and C*H*Cl*Ob requiring 

127. These numbers show that the substance had not been completely volatilised ; 
but they indicate also that its constitution is polymolecular ana probably bimole- 
cular. 

Symn^rioal Pol^merides. — In preparing symmetrical dichloracetone by the oxida- ^ 
tion of dichlorhydrin, Bischoff obtained an oily distillate of pungent odour, which, 
after a coDsiderabl^timo, changed into white crystals, giving by analysis 55*7 per cent, 
chlorine, the formula of dichlorucotone requiring 66*9. As Qlutz a. Pischer {2nd 
Su^L 14^ found the boiling point of this liquid modification to be between 170® and 
171®, it IS doubtless a polymeric symmetrical dichloracetone ; and the ciystalline 
modification formed from it is probably also a polymeride (Bischoff). 

The number of known m<^ifi^tions of dichloracetone appears, therefore, to bo 
five, namely; — ^ • • 

• 1. Unsymsaotrical dichloracetone, boiling at 120®. , 

2. Liquid polymeride thereof ,, „ 136® — 140®. 


2. Liquid polymeride thereof 

3. Solid ,, „ 

4. Symmetrical polymeride, liquid 


136®— 140®. 
140®— 170°. 
1700—1710 


There is, howevor, some uncertainty about the existence of the solid unsymmetrical 
polymeride described by Barbaglia, as Bischoff was unable to obtain it. 

Diehloraceto7ic-ci/anh7/drinj C*H*Cl®NO = CN (Bischoff, 


DeiU. Chem. Ges. Ber, viii. 1333). — Dichloracetone (b. p. 120®), mixed with on excess 
of strong aqueous hydrocyanic acid, dissolves to a considerable extent, and on digesting 
the mixture for some time in a refiu^apparatus j|laced in a water-bath, the whole of 
the dichloracetone is gradually dissolved, forming a clear, somewhat yellowish liquid, 
which becomes turbid when the excess of the hydrocyanic tveid is evaporated off at the 
heat of the water-bath, aud there finally remains a faintly yellowish liquid, which at 
n higher temperature splits up into hydrocyanic acid and dichloracetone. This liquid, 
treated with alkalis, gives up hydrocyanic acid, the (}ichloracetoqe at the same time 
turning brown and decomposing, w*ith formation of an alkalifie chloride. At low 
temperatures the oily liquid deposits soft tabular crystals, which, ^wever, cannot be 
long preserved. 

To analyse this compound, the oil wiis repeatedly dfssolved in anhydrous ether ; 
and, after the ether had evaporated, dried over calcium chloride. »When thus purified 
it gave 46*3 per cent, chlonuo, and 8*9 nitrogen, the formula O'H^Cl’NO requiring 
46*1 and 9*09. The body is therefore an addition-product of hydrocyanic acid and 
diohloraoetone, analogous to those formed by monochloracetonc, chloral, and aldehyde 
(ls« 76; 2nd iSuppl. xvi. 310). 


Biohloraceionio or J)ichlori$ohutt^ric Acid^ C*H*C1K)' m 
Qgloj^OOlt—COOH (Bischoff*, ibtd. 1334). This acid, which may be regarded as 

an addition-product of dichloracetone and formic acid, is pfodnead by digesfing 
diehloraoetoDe oyauhydrin at the heat of the. water-l>ath, with moderately strong hydro- 
chloric o«id, the cyanogen-group being then gradually replaced by Vh® carboxjl-group: 
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OH— CW + Ha + 2H--0 = NHKa + q^!^>OOH-COOH. 

Seveml dajB* digestion is required to complete the reaction. The excess of hydrochloric 
acid is evaporated over the TOter-bath, water reputedly added, and the iiqnld again 
evaporated down till the residue no longer contains any free hydrochloric acid. By 
tBs^lviqg this residue^ in ether, and leaving the ether to eTaporate, a brownish oily 
liquid is obtmned, having a strong and pure acid taste, and solidifying after a while 
to a crystalline mass ; and by redis^lvin^ this mass in ether, and decolorising with 
aniig^l charcoal, the dichloracetonic acid is obtained in cauliflower groups of prisms 
haying a splendid silky lustre, or, by addition of alcohol to the ethereal solution and 
gAdual evaporation, in short thick prisms. It molts at 82^>-83°, decomposes more or 
less when distilled, hut may neverthele^ be sublimed, and is deposited on the sides 
• of the vessel in radiate groins of prisms* i 

• Ammoniwn dwkloraoetonaie is produced by neutralising the acid with ammonia, 
both being dissolved in alcohol, and solidifies after a while to a satiny crystalline 
mass of felted prisms, or, in presence of a larger quantity of alcohol, in crystalline 
crusts formed of distinct prisms. This salt is very soluble in water, and decomposes 
when the solution is heated. 

'Aie potassium salt, proj^tared ifl like manner, separates in broad needles and 
crystalline trusts ; it is mederately soluble in alcohol, very soluble in water, and 
decomposes, tHco the other salts, when heated. 

Thff silver sail, C*U*AgCl-0’, separates on adding silver nitrate and a little 
ammonia to the concentrated solution of the acid, as a white precipitate consisting 
of small prisms, sometimes growing to needles of considerable length. It is somewhat 
sparingly soluble in cold water, and separates on evaporation at ordinary temperatures 
in transparent lamina;. On heating the solution, rapid decompositjon takes place, 
with separation of silver chloride, and the undocomposed salt CTyslrdHsea in rather 
large prisms. 

The barium salt is formed bp^ saturation, and separates on evaporation as a hydrated 
iry&talline mass, made up of pnsms. 

Lead salts. — Ou dissohing recently precipibited load carbonate in the acid, and 
caving the solution to evi^orute, a hydrated neuti^ lead-salt separates in sm^l 
yellowish crystalline^ spherules, and the mother-liquor yields a much more soluble 
Xasio salt in groups of rathesriargo transparent prisma. • 

Ethi/l J>ichlQraccionaii\ C*IT*C1-0*.C*H*, is produced by saturating the solution of 
the acid in absolute alcohol with dry hydrochloric acid gas, and sop^vrates, on addition 
of water, as a brown liquid. It is, however, partly decomposed by water, and is 
therefore better separated by evaporating off the alcohol and hydrochloric acid on the 
water-bath. On attempting to distil it, the thermometer rose quickly to 220^, but 
the greater portion distiTlod over between 208° and 216° (Biseboff). 

Triolilora,ootoiief C*H*C1’0. This compound, which Bouis obtained by the 
action of chlorine on cnnle wood-spirit containing acetone (i. 30), is also formed by 
passing chlorine into pui*o acetone.* This liquid, previously saturated with chlorine 
at low terapcnitures, takes up on exposure to sunshine, or when heated, a large 
additional quantity, especially if the cWorine be no# quite dry, the product ultimately 
consisting of di- and trichloraceton»a boiling rcspoctivoly at lSo° and 170°, together 
with small quantities of intermediate products. Pure acetone docs not form anymore 
highly clilorinated prcsluets. 

The fraction boiling aft 166-176°, solidificfl^hon mixed with water and exposed 
to a low temperature, is splendid tijblcte and short prisms, which, after washing with 
water, had the composftion of tri chloracetono-hyd rate, 0*H*01*0.2II*0, and 
molted at 43° ; and ^ passing dry hydrochloric acid ga-s into the fused hydrate, an- 
hydrous triehloracfitone was obtained Ixiiling at 170°-172°. Pure trichlorace 
tone absorbs water rapidly frouf the air, and is converted into the hydrate. It does 
not possess the intensety pungent odour attributed to trichloracctone by Bouis (i. 80), 
which ifti flict belong* ^ another chlorinated derivative of acetone (Bischof^ 

Chem. Ges. Ber. viii. 1329). 

Tricfaloracetoud is also formed by tiiS action of chlorine on the mixed product 
obtained by oxidising commercial isobutyl alcohol with chromic arid mixture. Thix 
product contains acetone formed from Abe isobutyl alcohol: 

CH(CH»)*— CH»OH + O* » CO* 2H»0 + CO(CH»)»; 
and on passmg chlorine i|ito the portion of the liquid which boils between 60° and 70% 

• It Is not prodnoed by the action of chlorine on pnre methyl sloobol : hence the trlobloimeiCoiie 
obtained by %»aii mnst.laaTe been formed from acetone contained in the crude wood-spirit o^whloli 
be onerated. 
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DeutKalifling the crude product with calciuBi carbonate and difitillin^ a distillate is 
obtained consisting of a watery and an oily layer. The watery fayer, eyapo^ted at a 
gentle heat, yields crystals of trichloracetone hydrate, from which the anhydrous 
compound may bo obtained os above described ; and the oil separates on distillation 
into monochloracctone, trichloracetone, and its hydrate (Kramer, Deut Chem. Ges. 
Ber, rii. 262). 

Two modifications of trichloracetone are possible, represented by the lormfllae, 
CCl* — CO — CH* and OH®Cl — CO — CHCl*, and both of these might be pro- 
duced by further chlorination of ordinary dichlAncetone, CHCl* — 00 — CH* (b. p. 
120®). They may, however, be distinguished from one another by means of *156 
reaction with alkalis and aniline discovered by Hofmann (2nd St^pL 325), whereby, 
the case of compounds containing the group CGI*, phenyl-isocyanide or phenyl- 
carbimide is produced, recognisable by its in^nse and unmistakable odour; and in , 
*fact, on heating a very small quantity of the trichloracetone hydrate obtained as above 
with aniline and caustic potash, the peculiar cnlour is strongly developed. * 

Trichloracetone may then be regarded as methylated chloral, and according to this 
constitution it might be expected to be resolved by water or dilute alkalis into acetic 
acid and chloroform, acocoiding to the equation : 

CCl*— CO— CH* + mo ^ CH*^COOH + ca*H. 

• 

The reaction, however, takes place in quite a different way, the products actually 
obtained by heating triehloracetone-hydrato with water in sealed tubes being a brown 
syrupy substance having a sweetish taste, together with hydrochloric acid, l^arbon 
dioxide, and a small quantity of acetic acid, but no chloroform. It seems probable, 
therefore, that the molecule is completely split up, and a condensation-product formed. 

Trichloracetone has lost by chlorination so much of the aldehydic and ketonie 
characters of acetpne, that it no longer combines with allmlino bisulphites. It unites 
however with hpdrocvania acid, forming trichloracetone-cyanhydri n, which 
may be obtained in the same manner lis the corresponding dichlorinated compound, 
in the form of a yellow oily lifjuid, smelling faintly of its two components. By treat- 
ment with hydrochloric acid, this compound is converted into trichlbracetoni c 
acid, a syrupy, uncrystallisablo, very unstable acid, from which no definite salt can be 
obtained. The silver salt is fuiv'.ied as a white, moderately soluble precipitate, on 
adding silver nitrate till no furthcsr chlorine reaction is pSreepti ifle, and then adding 
ammonia. Thq.'*.cid is very easily decomposed [by alkalis (BischofF). 

Xatraoliloraeetoiie, C*H*CPO (Biachoff, loc, cU .) — This compound is not 
formed from pure acetone, but it is produced, together with the lower chloracetones, 
by the action of chlorine on acetone conbiining metliyl alcohol. When chlorine is 
passed into this impure acetone, the liquid becomes roil, brown, yellow, and yellowish- 
groou, and there frequently separates from it, even long Ij^ore saturation, an oil 
which deposits hard crystals insoluble in water. Those crystals consist of the so-called 
chloromcsiiate of 'imihylene, which Bouts obtained by the action of chlorine on wo^- 
spirit, and were rogamod by him as a compound of mothylic oxide anddichloracetone. 
The real nature of this body has not yet l>eon determined. BisebofP however finds, 
contrary to the statement of Bouis, that it has no influence on the further products of 
the reaction, which in fact goes on^u just the same way after it has been removed. 

As the saturation \rith chlorine proceeds, th^ product becomes more oily, water 
collects on the surface, and hydrochloric acid escapes in large quantity. The final 
product, wiiahod with water — (whereby, however, large quantities are dissolved and 
lost)— and dried, gave by analysis tiuinbers quite irreconcilably with the formula of 
trichloracotono — of whicn Bouis supposed it to congist — and in /act not leading to any 
definite formula. To avoid the groat loss occasioned by washcjg with water, Bischofi 
heated the product in a refiuz-apparatus to expel hydrochloric , acid, then dried the 
liquid, which by this time had become black, and submitted it to fractional distillation. 
Small quantities of dichloracetone then passed over at C20®, the greater portion of the 
product at 130®-220®, the residue suddenly splitting up at this last temperature, 
giving off intensely irritating vapours and large quantities of hydrochloric aqjd, and 
leaving a spongy carbonaceous mass. The distillate was then further separated into 
three portions, passing over at 130®-lfi0®, and 180^-210®, the middle por- 

tion being by w the largest ; and those fractions were further separated into smaller 
fractions, which were exposed to a low tempwature in contact with water, the 
crystalline films being removed as they form^, and the remalxupg oil again ex- 
posed to cold in contact with water. By this treatment, the fraction, 160®- 180® 
T^ded three products, the first of which was pore tgichloracetone hydrate, 
&H*01*0.2H*0 ; the third nearly pure tetrachloracetone-hydrate, 
C*H*CV*0.4H*0, and the second a compound of the two, having l^e composition 
O-ir'CrO* « C*H»Q?0.C*H*a<0.6H*0 * 
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On passing dry hydrochloric acid gas into this last hydrate in tbs fiised state, the 
if » liquid remaiDS haying the composition C'H^Gl'O*, and 

sepsranle by distillation into tri- and tetrachloraeetone. 

That the crystalline body C*H*’C1'0* is really a definite compound, and not a 
mere mixture of the hydrates of tri- and tetrachloraeetone, is shown by its stability 
when rectystaUised by refri^ration, by its molting point, which is below those of the 
hjrdrafts of tri- and totzachloracetone, and by the constancy of its composition. 

Tetrachlaraoetone Hyd^te^ 0*H*Cl^O.4H*O» — The liquid remaining after the com- 
pound hydrate just described has^r^talliaed out, solidifies in large prisma, agreeing 
inPextemal characters and in composition with the tetrachloracetoue-hydrate described 
d^y Bonis. It melts at 38®-89®. 

Anhydrous tefrachloraceto7ie is obtained by passing dry hydrochloric acid gas into 
the fused hydrate. It is an extremely Volatile body, biving an intensely pungent odou% 
l^nd volatilisiDg with va^ur of water, to which it also imparts its odour. Heated 
with aniline and potash, it yields phenyl isocyanido ; hence its coustltution is 
CCl* — CO — CH*C1. It absorbs water with extreme rapidity*, but the resulting 
hydrate remains for some time in a state of surfusion, fmm which it passes into the 
crystallised state when touched with a glass rod. 

•There appears also to bo another hydrate of tetrachloraeetone, containing leas than 
4 mols. of water ; for when the crystals of the totrabjdrate are left over oil of vitriol 
they becom’h opaque and covered with a thin felted crystalline web, which disappears 
quicMy on exposure t§ moist air (Bischoff). 

Action of Water and Silver Oxide on ike Cklorinaied and Brominaied of 

Acetone. — Linnemann observed some time ago that formic, acetic, and propionic acids 
^are produced when moist silver oxide is added to a mixture of acetone and bromine 
(Isf Suj^l. 27). Ho has since observed tho following facts. TVl^n silver oxide is 
mode to react upon an aqueous solution of monochloracctono, a silver salt is formed, 
which has the formula C‘‘H*Ag*0*, and can be convexlxrtl into a calcium salt containing 
C*H®CaO^ + H’O. When pure monochlorocetono is heated for ton hours with 6- 8 
volumes of water at a teraperaturo of 220®-230®, tho whole of the chlorine is expelled 
as hydrochloric acid, and a non-volatile acid is formed, which, after tho removal of 
the hydrochloric acid and silver, and concentration ^er sulphuric acid, is obtained as 
a glassy mass of a*faiut ^llow colour. This substance diners from tlioso which are 
. obtiiincd by tho action of s^ver oxidf. When dichlonicotono and w^ter react oi^oach 
other, ordinary lactic acid is formotl by exchange of chlorine for hj^droxyl. 

A repetition of tho experiments on the jiction of moist silver oxide on bromine and 
acetone, with perfectly pure acetone, showed that llie only volatile fattj^ acids produced 
are acetic acid and a small quantity of formic acid. Compare Lmmcrling (2Nd 
Suppl. 13). 

Monochloracetone and monobromacetono are sometimes regarded as haloid deriva- 
tives of tho hypothetical pyroracemic alcohol ; thus : — 

Cldorldi!, aud iUho 
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According to this view, tho replacement of tho bromine of monobromacetono by 
hydroxyl should actually yield pyroracemic aftfihol. But it is found that monobrom- 
acetone reduces sif^r oxide, 'and therefore tho aqtion is more probably 
C*H*BrO + O— IlBrwTJ'H^O*, yielding pyroracemic aldehyde, which by the fur- 
ther action of th<#&tlver oxide is oxidised to pyroracemic acid. The non-volatile 
acid, C**H**0*, observed by ^pmerling, may be regarded as a polymeride of pyro- 
racemic aldehyde. ^ 

When oxide of mercury was substituted for oxide of silver, and the products of 
tho r&cUon were VImted with a quantity of sodium-amalgam, sufficient to convert 
any pyroracemic acid that might be present into lactic acid, and the pyroracemic 
aldehyde and alcohol into iwpropyl glySol, the only, body obtained was acetic add 
(Linnemann, Wien. Akad. Ber. Ixviii. 437 ; Chem. Soc. Jour. [2], xii. 1156). 

AOSTOra* AaUKOVXA-shDBXVJLTXWi OV. The bases produced by 
the action of ammonia on acetone have lately been examined by W. Hsintx (Berlin 
Monateber. 1874, 2Z6 ,^Ckem. Centr. 1874, 372; further, Annalen der Ckemie, eUxtv. 
133; clxxriii. 305. 326; clxxxi. 70; clxxxiii. 276)* and by SokolofT a. LatsefainoiT 
{Beut. Ckem. Gee. Ber. vii. 1384). Btsdeler, in 1858, hy satumti^ acetqpe with 
anunoma®^pts, and neating the solutioi^|o 100^ in sealed tubes, obtained a bMic sob- 
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Htance which he designated as cuaetcnint^ asfdgning to it the formTila\l*H**N’*, and 
sapposing it to he formed by the union of 3 mols. C*H*0 and 2 mole. NH*, wit# elimi- 
nation of 3H^0. The experiments of Heintz have shown, however, that this result is 
altogether incorrect, and that the action of ammonia on acetone gives rise to three 
distinct bases, neither of which has the composition of Stadeler's aeetonine, eac^^ of 
them in fact containing in its molecule only one atom of nitrogen. The compgsiti(m 
and mode of derivation of these bases is given in the following table : — 

Diacetonamine . . . C*H**NO =a4i2C*H*0 + NH* — H*0 

Triacetonamine . . C*H»NO « 3(?H«0 + NH» - 2H*0 ^ 

Dohydrotriacetonaniine , C®H“N = C^HTNO — H®0. ^ 

In Heintz's first paper this last base was named aeetonine. Stadeler*s aeetonine is 
supposed W Heintz to have been impure triacel^namine. 

* Sokoloff a. Latschinoff ogpree with Heintz as to the cemposition of these three 
bases ; they, however, designate the two oxygenated bases as diaceUmhydramine an^ 
triacetonhySraminet and the non-oxygenated base as triacetonamine. We shall adhere 
to Heintz’s nomenclature. 

To separate these bases, the liquid obtained by heating acetone with ammonia is 
neutralised with hydrochloric acia and distilled ; tha resi£ie is exhausted with abso- 
lute alcohol ; the solution partially precipitated with platinic chloride ; and tlfe pre- 
cipitate, which contains a portion of the platinum salt of dehydrotriaos ton amine, 
together with a large quantity of ammonium platinochloride, is separated froi%the 
liquid by filtration. On adding to the filtrate an excess of ^atinic chloride, and 
tlieu a very large quantity of other, a new and very copious precipitate is formed, 
consisting of the platinocnlorides of the two oxygenated hoses, and a small quantity 
of the platinochlorido of dehydrotriaicotonamine. On dissolving this precipitate 
after washing with sther- alcohol, in the smallest possible quantity of lukewarm water, 
a portion of the last-named platinum salt remains behind, and the filtered liquid, on 
cooling, deposits splendid golden-yellow needles of the plati nochloride of triaceton- 
amine, a further quantity of which may be obtained by evaporation under reduced 
pressure. At the same time, however, short thick prismatic crystals of another salt 
are formed, which must bo separated mechanically. A portion of the platino- 
chloride of triacetonamine appoari^lso to be reduced to platinoeoch^rido (Heintz). 

Sokoloff a. Latschinoff leavo a saturated solution of ammonia in acetone to stand 
at ordinary temperatures for three or four weeks? then ad^to it a quantity of finely 
pounded oxalic acid, sufficient to form an acid salt, and a quantity of water equal to 
that of the acetone employed. A crystalline precipitate is then immediately formed, 
which is easily separated by moans of boiling alcohol (of 95^), into insoluble ammo- 
nium oxalate and soluble oxalate of diacetonamine, C*Il**NO ; 100 gprams of 
acetone yield in this manner from 40 to 60 grams of this salt, a|id about 10 per cent, 
more may be obtained by evaporating the mother-liquor, and treating the rosidiio 
with the alcohol which has ser\''ed for the separation of the first precipitate. By 
further boiling with the same alcohol, a mixture of salts is obtained, from whicli, 
after conversion into platinum salts, the platinochlorido of triacetonamine may be 
separated ; and the alcoholic mother-liquor, which no longer gives crystals of the 
above-mentioned salts, forms, after «vaporation mf the alcohol, a dark-brown tarry 
mnsH. which, when distilled with aqueous i)ota8h, yields deh 3 'drotTiacetonamiue, 
0*H«K, 

maoetonwniaet C*H**NO, is best prepared, according to Heintz, by passing 
dry ammonia gas into a flask containing acetone in a state of gentle ebullition, the 
conducting tube not dipping into the liquid, but ♦erminatinff^ust above it — con- 
ducting the mixture of acetone vapour and ammonia through i^tube heated to 100°, 
and then through a condensing tube. The distillate thus obtained % neutralised with 
su^hUric acid diluted with an equal volume of water ; aud after removing the ammo- 
nium sulphate which crystallises out, and distilling off unaltered acetone, the liquid 
is evaporated to dryness ond the residue exhausted with boiling alcohol : diaceton- 
amine sulphate then crystallises out on cooling, and may be punAsd by re-cryJ^alli- 
sation firom alcohol. The mother-liquors contain the sulphate of another base not 
yet examined, ^ • • 

Diacetonamine cUsaolves more* readily in cold than in warm water, and is pi^ly 
decomposed by distillatioD, with formation of ammonia and, apparently, mesityl- 
oxido. It becomes brown on exposure to the air, and appears to abs^h oxygen 
(Heintz). • 

The AydrocAloridet C*H'*NO.HCl, dissolves very easily in aldhhol, still more easily 
in water, even at ordinary temperatures, and separates, by slow evaporation over 
Zttlphuricpaeid, in rather large well-defined rhombic priems, which %re anhydnons and 
do not decompose at 100°. The platinochlorUkt 2(C*H**NO.HCl).Pt01\ crystallises 
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£roiii ^ueov solution in spUndid orange>coloured monodlnic prisms (S. and L.), 
rhombic (Heintz), *eontaining 2 mols. -water of crTstallisation. It is moderatelj 
soluble in hot alcohol, and separates from the solution in brown prismatic anhydrous 
crystals (Sokoloff a. Latschinoff), in orange-yellow monoolinio crystals containing 
2 mols. water (Heintz). 

The alcoholic solution exposed to sunlight loses its colour, and deposits a small 
^uantfty of platinum. The solution in alcohol containing hydrochloric acid becomes 
much darker, under the same conditions, and if examined after several days* exposure, 
is found to contain nothing but dimoacmamine platinosoohloride, C**H**N*0*Cl^t, which 
orystallises in red-brown needles, easily soluble in water and hot alcohol, insoluble 
^ in ether (Heintz). 

The neutral sulphate is very easily soluble both in alcohol and in water. The 
alcoholic solution deposits anhydrogs crystals, -vphich are unaltered at 100®. The 
picrcUe dissolves with ^me difficulty in cold water. Hot solutions yield goldsn- 
yellow needles several centimeters long, and containing one molecvde of water, which 
they lose at 100® (S. and L.) 

The nctcf C*H‘*N0.C®H*0^ + H*0, forms large monoelinie prisms easily 

soluble in hot, less soluble in cold water. The neutral oxalate^ (C*H**NO)*.C?*H*0*, is 
rather less soluble than the acid /salt. 

The salts of diacetonamine, treated with potassium nitrite, vield mesityl-oxide, and 
the same d>ody i® produced, together with ammonia, when they are decomposed by 
alkalis (S. and Xr.) 

Trlaoetonamlne« OH^'NO. This base is formed, tonther with diacetonamine, 
by the action of ammonia on acetone, the proportions in which the two are produced 
depending on the temperature. At low temperatures the product consists almost 
entirely of diacetonamine, but at higher temperatures triacetouainino is largelj^ 
formed. Moreover, diacetonamine, when heated with acetone, i# converted into tri- 
acatonamine, the yield of the latter being especially large when diacetonamine is boiled 
for some time with acetone in a reflux apparatus, the conversion of the diacetonamine 
being then almost complete. This is regarded by Heintz as the best mode of prepar- 
ing triacetonaroine. 

For separating the two bases when mixed, methods above given, founded on 
the difference of solubility of the plaiinochlort^s in alcohol, are both troublesome 
and expensive. The sop^ution may be much more easily offi»cted by taking advan- 
tage of the great difference of solulfliity in water of the neutral oxalates, the difleeton- 
amina oxalate being by far the more soluble of the two. 

The mode of proceeding differs according as the tri- or diacetonamine predomi- 
nates. a. A mixture of the former kind is the syrupy liquid which remains in the 
flask in which acetone is boiled in contact with ammonia gas for the preparation of 
diaceton-'imine, as i^ready described (p. 28). This liquid is to be mixed with 
alcohol, and hydrated oxalic acid gradually added to slight acid reaction. The pre- 
cipitate, consisting cf the oxalates of the two bases, sometimes mixed with ammonium 
oxalate, is pressed and dissolved in water ; the resulting solution is evaporated over 
the wHtcr-biith, with frequent stirring, till a considerable quantity of salt has separ- 
ated out ; and this salt is quickly drained and -washed in a vacunm-fllter with a 
small quantity of hot water. The Altered liquikl deposits nothing on cooling, unless 
ammonium oxalate is present, izv which case the deposited^alt must be drained, and 
the liquid further evaporated, until. Anally, a mother-liquor is obtained, which no 
longer deposits any oxalate of triacctonamine or oxalate of ammonia. repeating 
these operations ois the entire crop of trid^ctonumhie oxalate, this salt is ootained 
quite free from thos oxalates of ^ ammonia and diacetonamine, and if the solution has 
also been treated wifh animal charcoal, it is perfectly colburless. 

3. The motljsr-liquor contains the whole of the diacetonamine, together with con- 
siderable quantities of triacetonamine, and traces of ammonia. For the fhrtheFHMpa- 
ration of these bases, oxalicVsid is added in quantity about half sufficient to satmmtl 
them ; tlie whole evaporated to dryness ; the excess of oxalic acid is removed bv 
washing with colckflbsolute alcohol ; and the residue is boiled with absolute aloohol, 
whereby a portion of the acid oxalate of triacetonamine — larger or smaller aooording 
to the quantity of alcohol used — is converted into the neutral salt^ which is insoluble 
in bailing alcohol. The solntion is filtered at the boiling heat, and the rssidne 
washed with boiling alcohol. Neutral oxalate of triacetonamine then remains on the 
filter, and the filtered alcoholic solution de|>oBits oxyst^ of acid oxalate of diaeeton- 
amine nsixed with a small quantity of the triacetonamine salt 

These methods o# separation are, howler, not convenient for the pnparatloD of 
triaceionamine, which, indeed, is best obtained, as already stated, by boiling diaeeion- 
amine gith aoeton^. « 

Triaostonamine separates from ^ solntion of ths neutral oxalate mixed with 
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caustic potash, as a h}rdrate, whi<^ ciTstallises from hydlk>iiB ether in 

large square tablets ; and the mother-liqtt<» of this hydrate yields^ on further efapora- • 
tion and cooling to a tery low temperature, long needle-shaped crystals of anhydrous 
triacetonamine. The mother'liquor of this mixed tidth a few drops of water 
again deposits crystals of the hydrate ; and finally there remains a moLher-lIquor 
containing an uncrystallisable mcdiilcation of tria^tonamine. 

The tabular crystals belong to the orthorhombic Bystem* 

Bracbydiogonal Macrodiagonal Principal axis 

0-9586 : 09798 • : 1 


Oombination OP , 2f oo , 2Poo . Angle OP : 2too = 116® 24'; OP : 2lfoo » 116® 
Cleavage parallel, to OP, The crystals, in consequence of the near approach 
to equality of the lateral axes, have very nearly the appearance of the quadratic 
combination OP.P, but their behaviour to polarised light shows that they are really 
orthorhombic. • 


The tabular crystals of the hydrate molt at 68®, the anhydrous needles at 34*6®. 
Triacotonamine volatilises slowly even at ordinary temperatures, and in a warm room 
it sublimes from place to place m the containing vessel. It may be distilled without 
decomposition. m 

Triacotonamine is decomposed by heating to 150®-200® with strong sulphurlb acid, 
or with phosphoric anhydride, bnt^doea not yield definite products. Heated to 100® 
for eight to sixteen boui^, with 8-10 parts of fuming hydrochloric acid, it yields 
a considerable quaiftity of diacetonamiue together with flehydropentacetona- 
mine (p. 31) ilhd other products. The formation of diacetonamine is most probably 
attended with that of methylchloraceiol, C*H®CP, or its decomposition-product 
ohlopopropene, 0*H*C1, according to the equation ; 


<3»H”NO + 2HCI = C*H»»NO + C»H«CP. 


Those bodies have not however been detected in the product of the reaction, and may 
therefore be supposed to have acted on a portion of the diacetonamine, giving rise to 
h3*drogon chloride and more highly carboniseil bases, which are in fact present in the 
crude product. 

Salts of TriacetmaminM , — oljbained by direct 
combination, or by decomposing the platinochlorido with hydrogen sulphide, remains, 
on evaporating its solution over the water-bath, as a colourTfess syrup, -which solidifies 
on cooling to a radiate mass of small transparent prismatic crystals. It is easily 
soluble in alcohol, especially when hot, and separates from the alcoholic solution at 
36®, on addition of other, in crystals rather larger than those which are deposited from 
the aqueous solution. 

The ^atinooklorid€f 2(G*lI‘’^NO,HCl).PtCl^+ 3IPO, crystallises in long dark 
golden-coloured noodles, easily soluble in boiling wjiter, nearly insoluble in alcohol 
and insoluble in ether. It is easily soluble in alcohol to which hydrochloric acid has 
bepn added, and crystallises from this solution with only 1*76 percent, of water, or 
less than one molecule. By exposing the solution in alcohol aud hydrochloric acid 
•to sunlight, or by heating the aqueous solution for several hours, the salt is reduced 
to the ^latinoso^chloridc, 2(C*H”NO.pCl).PtCl*-%2H*Oi which crystallises in dark 
red needles, and sometime ' in rhombic prisms. It is much loss soluble in water than 
the platinochlorido. * 

The sulphate, (C*H'^NO)’SO*H*, obtained by neutralising dilute sulphuric acid 
-with the base, and evaporating, crystallisqp in delicate needles or^ prisms, very freely 
soluble in water either hot or cold, insoluble in alcohq} and in ethqr. 

The nitrate, C*H”'NO.N(PH, ciystalUses by spontaneous evapiiration of a solution 
concentrated by heat, in rhombic crystals exhibiting the combination P.OP.2P.co]^ao , 
lateral and veHical axes 1*27382 ; 1 : 1*0251. Angle OP ; P 
aft®' imd 127®30'; P : P in the lateral edges = lat® 20' and 68® 40'. The 
oryitiit dissolve easily in water, though much less freely than th% sulphate, also in 
alcohol. . ' . • 

The €iC 0 Uite i» so freely soluble in water that it is not easily obtained in crystals. 
It'dissolTea eiiaily in alcohol, aud to some extent in ether. 

The neutral oxalate, (O*H*'N0)*.C*O^H*, obtained by evaporating an ^ueous 
lK>lhti<m of th6l>a8e(ll parts), and oxalio acid (4 pii^s), cmtallises in long glittering 
needles,, easily soluble in cold, and not much more in hot water, very sparingly 
solubls in alcohol. The crystals are permanent in the air, and may be btated to 
100® without decomposition. • 

The acid oxalate, C*H*^NO.C*O^H*, obtained by dissolving the neutj^ salt in 
water, toother with an equivalent quantity of oxalic acid, form^triclinio exyst^ 
^eavabla tn two directions inclineil to one another at an angle of dST 41'. It il easily 
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soluble in urat«r, eepyjially when hot. By boiling with alcohol or ether it is resolved 
into thMOeutral salt and free oxalic acid. 

The iar^rtUe, (C*H‘'NO.OH*0*), crystallises from a nentral solntaon of the 

Jpase in tartaric acid, in long needles easily soluble in water and in boiling alcohol, 

' The acid tartrate appears to be nncrystalli sable. A solution of the neutral tartrate 
io which an equivalent quantity of tartaric acid has been added, leaves on evaporation 
a Ihiciftiyrup, the alcoholic solution of which, when mixed with ether, deposits the 
neutral salt. The acid tartrate therefore, like the acid oxalate, is resolved by alcohol 
and ether into the neutral salt andffree acid. 

' Xsotriaoetonamliiei This is the uncrystallisable modification con* 

tained in the last mother-liquors . which remain after the separation d crystalline 
triacetonamine from the oxalate by means of potash (p. 30). The mother-liquors of 
triacetonamine platino-chlsride sometimes also deposit hemispherical aggregations of 
^all prismatic crystals, which when crystallised always assume the same form. 
Those crystals have the composition (C®H"NO.HCl)®.PtCl*+ 2H*0, the same there- 
fore as that of triacetonamine platinochloride, except that they contain 2 mols. water 
instead of three, 

i>n separating the platinum with hydrogen sulphide, and decomposing the result- 
ing hydrochloride with potash or scria and ether, as above indicated, crystals of 
hydrated triacetonamine are first deposited, and ultinUitely a mother-liquor is obtained 
conU^ing the unc^stalli sable base. Heintz regards these crjpsta^as a compound of 
1 moL triacetonamine%ydrochloride, 1 mol. isotrinceLonamlno hvSocblQpde, 1 mol. 

TTPl i ' ' . ' W 

platinic chloride, and 2 mols. water, } PtCl^ t 2H*0. 

A complete separation of these isomeric bases, either in the free state or in the 
form of platinum salts, has not yet been effected ; but they may be parf ially separated 
by converting the uncrystallisable mother- liquors of the free bases into platinum-salt 
and digesting this salt with alcohol, which dissolves the platinochloride of isotrioce- 
tonamino, and leaves the double platinochloride undissolvod ; and by repeating this 
course of operations several times, a platinochloride is ultimately obtained, which 
dissolves in alcohol and remains as a syrupy mass on evaporating tlie solution. This 
platinochloride decj||mpose4 above yields a base ^ich refuses to crystallise. 

• Helisrilrotriaoetonaisflna, is derived from triacetonamine by abstrac- 

tion of H'^0, or from acetone and ammonia in tho manner shown by the equation, 
3C*H®0 4 - NH* « 8IVO + Its platiiiocliloriclo, 2(C’U>»M.HCl).PtCM, is present 

in small quantity in the precipitat<‘ of ammonium platinochloride obtained in the 
preparation of triacetonamine (p. 2R), and may be dissolved out of this precipitate by 
boiling with water. By cooling and further evaporation of the filtered solution, there 
are obtained, togfthor ^ith octoliodrons of ammonium platinochloride, somewhat larger 
crystals of the platinochloride of debydrotriacetonamine, which may be purified by 
picking them out and recrystallising. Tliey are oblique rhombic prisms, scarcely 
soluble in cold, more soluble in warm wat-er (Heintz); small crystals generally united 
in crusts or nodules, quite insoluble in cold, and only slightly soluble in w n tt n water 
(Sokoloff a. Latschinoff). . • • 

Dehydrotriacetf)n amino is also found, as oxalate, together •vrith triacetonamine, in 
the mothor-Hquor of diacetonaraine*oxalat.e (p, 28), and may bn separated therefrom 
by distillation with potash. It is an oily liquid, and forms salts which oxidise 
rapidly in the air. • i 

Dehydrotriacetonafcine is not farmed by the direct action of dehydrating agents, as 
sulphuric acid, phosp^^ric anhydride. &c., on triacetonamine ; its production would 
appear, therefore, to bo due to peculiar conditions present in the preparation of di- 
and triacetonamine^ Heintz). 

The mother-liquor of diac^ionamino oxalate contains also another base, whl^ 
appears to be dehydrediacctonamine, C*H'*N = 2C®H*0 + NH® — 211*0, 

Solijrilropeiiu^toiMtiiiitne, C'»H**N~6C*H*0-i-NH* — 5U*0, is formed, 

together with diaeetonamine and other products, by heating triacetonaariae to 1(K)* 
for eight to sixteen hours, with 8-10 parts of fuming hydrochloric acid. The crude 
product on cooling deposits an oilv liquid, soluble in ether, and contwing a base 
apparently identical with that whicK separates as a ciystalline hydrochloride finan the 
aqueous liquid to which the ether has been added. The salt thus obtained is the 
bydroehlo]^e of dehydropentjicetonamine, and when treated vriUi fixed alkalis or with 
ammonia, rields the frtjp base in the form of an oil. This boM differs from spaiteine, 
tjj the elements of 1 mol. of ammonia (Heintz). 
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OoMtitution of the AmmonuHlerivativea o/Ac^ane, * 

Diaceton amine, G*H'*NO, maybe repreaented by either of the two^fbllowing 
formate : — 

CH* 

NH»— i— CH*-CO-CH* 

in* • 

the first of which is that of an amidogen-baso, the second that of an imidogen-^ase. 
According to tlie former, which Heintz regards^ as the more probable of the t'lao, 
diacetonamine has the constitution of acetyl-trimethyl carbamine, or pseudopro- 
^pylamine, NH* — OH~^CH*)^, haring the hyorogen-atom of the group CH replaced by 
the ketonic residue, CH* — CO — CH*. • ^ 

For the constitution of triacetonamine, Heintz suggests the two following 
formulae 

Of these formulse, both of which represent imidogon-bases, one most probably belongs 
to triacetonamine, the other ^ isotriacetonamine ; but there is no evidfince to show 
which of the two belongs to the crystalline and which to the l^uid modification 

Behydrotrihcetonamine which is derived from triacetonamine by abstrac- 
tion of H*0 may, in like manner, be represented by either of the formulse : — 

i^k<c[ch?>c-c-cii= n«<8(cS?=ch> : 

or, if we suppose two of the carbon-atoms to be trebly linked, by the following: — 

JSaeee formed by Hydrogenation of Hi- and Triacetonamine, — By acting vrith 
sodium -amalgam on a solution offliacetonamine hydrochloili do in immixture of aqueous 
ammonia and alcohol, diacetonalkamine, C*H**ON, is produced. The free base 
is a*liquid which is soluble in water, has a slight ammoAaciU smell, and an aromatic * 
alkaline taste ; it boils at 174^-175^. Its hydrochloride forms a syrupy liquid, and 
the platinochloride^ which is readily soluhlo in hot water, forms orange-coloured tri- 
clinic crystals, (C'*H**ON.HGl)*.PtCl*. The normal oxalate forms microscopic prisms, 
and the acid salt crystallises in small plates. When carbon dioxide is passed into a 
solution of the base in ether, a white precipitate is obtained, cp^stallising from water 
in small plates or needles, which seem to bo an acid carbonate.*^^ 

Wlien a solution of triacetonamine in dilute alcohol is treated with sodium amalgam, 
it is converted into triacetonalkamine, C*H**ON, and the isomeric pscudotri- 
acetonalkainine. The latter is but sparingly soluble in water and ether, and 
crystallises from a hot alcoholic sohition on cooling. It molts at about 180®, and slowly 
sublimes. The platinum salt forn^ rhombic c^stals, (C‘‘H**ON.HCl)*.PtCl* + 6H*0, 
Trincetx)nalkami no Crystallises from hot water jn apparently quadratic octohedrons 
and has a slightly sweet and burning taste. It melts at 128*6®, but begins to sublime 
at 100®. The hydrochloride crystallises from hot water in needles or plates. The 
ptatinochloride is freely soluble iu water, sparingly in alco^pl, insoluble in ether, 
and anhydrous (Heintz, IMiq'e Annalen^ clxxxiii.^90). ^ 

A solution of the platniocnloridea of the two preceding bfUws, in equivalent quan- 
tities, yields crystals of a platinum salt having the composition } .PtCP 

(Heintz, ibid, 317). e 

tAbirrOWXXra. Soe the last article (p. 28). / ^ 

Jk€niTOWlTXl&. Methyl Cyanide, C*H*N » CH’.CH. — This compound is formed, 
togeth^ with a number of other nitrils and^divinyl, (C*H*)*, by heating a mixture of 
acetate and sulphoc^nate of lead (Pfankucl^ J,furChcm, [2J, vi, 113). It is not 
acted upon by chlorine alone, and but slowly in presence of iodine, the product being 
tricbforaeetonitril (Backunts, Chem. Oe». Ber. ix. 1694). Treated with 

cA/orof, it yields a crystalline amide having the composition CH(CH*.GQ|^H*)*CCI*, 
the reaction apparently taking place by two stages : — 

a(OH».CN> + CHCI»0 « H*0 + CH(CH»CN)*Ca*, 
and ♦ CH(CH*.CN)*CC1* 4 2H*0 « CH(CH*.CONHi)*CCl* 

#(Hiibner, iftid. vi. 109). 
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ShiormaU^ aceUmUriU are prepared by distill^ the oomspoudt^ ohloriaated 
acetan^d^ (2nd 4) with phosphoric anhydride, the nroducte being fi«ed fnmk 

acid by means of potassium carbonate, and finally distUleo. They form colourless 
. pungent liquids, insoluble in water, but soluble in alcohol or ether. Treatment with 
warm dilute mineral acids causes the liberation of ammonia and the formation of tlie 
corresTOndin^ adds. The chlorinated acetonitrils unite with hydrobromio acid to 
form e^talline compounds, which are insoluble in ether, but decomposed by water. 

MonochloracUonitrilt GHKSLGN : boils at 123*^»r24^, has a specific gravity of 1*204 
at 11*2*^, and a rapour-density of 2'c2. 

GHG1*.CN ^ boils at 112^-113^, and has a density of 1*374 in 
4he liquid state, and of 3*82 in the state of vapour. 

7VfcjU£>raos/ofit^rtl, CC1*.GN ; boils^t 83^-84^ (81^ Dumas and Leblanc). Its 
sp. gr. is 1*439, and its vapour-density 5*03. It is remarkable that the trichloro> 
derivative boils at a lower temperature than the monochloro- or dichloro-derivative, 
and that the dichloro'derivative boils at a lower temperaturo than the monochloro- 
derivative. 

When trichloracetonitril is heated to 100^ with alcoholic ammonia, no ammonium 
chlqride or cyanogen is formed, but merely trichloracetamide (Bissdiopiuck, Deut, 
Chem. Qts, Ber, vi. 731). 

Monoch^racetonitril boiled with milk of lime is donverted into glycollio acid ; 
dich^racotonitril yields, under tlio same conditions, dichloracetie acid, while trichlor- 
ocetonitril is resolrod4nto carbon dioxide and chloroform. Potash acts in a similar 
way (Backunts a. Otto, ibid. ix. 1591). 

JH-iodonitracBtonitrU^ C’I*{NO’)N e* CI*(NO*).CN, is formed by adding iodine in 
small successive portions to mercuric Eliminate su^nded in ether, til) the fulminate . 
can no longer be detected amongst the red mercuric iodide produci^ by the reaction. 
The filtered liquid left to evaporate yields di-iodonttracetonitril, which may be freed 
from admixed mercuric iodide by repeated crystallisation from the smallest possible 
quantity of ether, and from free iodine by quickly washing the triturated crystalline 
mass with very dilute soda-ley. 

Di-iodonitracotonitril crystallises from ether in well-defined colourless motiocliiiic 
prisms, sometimes jeverwl ^niilimoters long. It tifijs yellow at 70*^, melts to a rtri 
liquid at 80*’, and dcconiposcs completely at 170*’. When treated with olkatiB itgives oft' 
* ammonia. It is scarcely attacked hy mtUrio aoid. Heated with stri>Dg sulphuric Actd^ 
it is docorapoBod, with separation of iodine. With tin and hydrochloric acid, it first 
gives off hydrocyanic acid in abundance, and finally molhy lam me. Hydrogm sulphide 
decomposes it, with separation of sulphur (Soil a. Biedermanu, Dsut. Chan. Qss, Bet. 
V. 89). 

iLCSTOFBaVOM’X. Bkenyl -methyl Ketone, C*H‘.CO.CH*. See Pkbntl- 

Kbtonbs. 

A.CXT09HBB0ir30 JL&COBOXi. Secondary PhenyUeihyl Alcohol, 
OH* GH(OH).GH*. See Phknyi. Aixoiioi.». 

ACXTOPBSXOXXITBt or G"Jl**Nf — A base pMduced by the action of 

dry ammonia on boiling acetophenofio (2fkf Suppl. 940). 

ACBTOSOBACBTATB* BTBTUC. ^ See Ac^u-Acktio E’THUBs (p. 1 2). 

ACBTT&« C^WC^K&tinuUiSn in SuhstUution’prodMots . — Schiff determines the 
amount of acetyl in acetylatod sulistitution-products, by lieating a known quantity of 
the Bcetyl-derivativ^ with a measured volume of normal soda-solution to 100® for 
several hours, adding to the cogjod liquid a volume of normal sul^jhuric acid exactly 
eqmal to that of the ti^i-mal soda-solution used, then filtering, washing the vessel and 
the fil^r with water, >nd determining, hy means of the normal soda-eolution, the 
quantity of acetic aclCl produced by the reaction. This method gives vexy exact results 
when acetic acid is the only acid formed^^by the action of the caustic alkali on the 
acetylatod compound. But when, as in the case of tha pro<iucts formed by th^ctipn * 
of acetyl chloride on santonic acid and eantonin, the action of the alkali gives rise" 
aleo to another acid, viz., santonic acid in the esse supposed, the result of Ute^ 
titration requires correction for the quantity of alkali neutralised by this other 
aci^ whiclPmust of course bo determined by a special experinutut. The following 
statement of the resultrf^of two experiments on acetyl -santonic acM will sufficiently 
explain the mode of proceinling 
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I. 

Acetyl-Mwitonic acid, C“H”(0*H*0^0S used , 0*630 gran 

Konnal solution of caustic soda (NaHO, per 

1000 cuj.) 40 00 C.C. 

Normid acid solution (JH*SO«) per 1000 C.C. . 40 00 „ 

Santonic acid reproduced (determined by cal- 
culation) . . . . . ... 0*643 gram 

ISFonual sMa-solution required, to neutraliso 

the liquid 4‘35 c.c. 

Quantity of the same to be deducted for the 

santonic acid 2‘20 „ 

Quantity of the same equivalent to the acetic 

acid . 2*16 I, 

C*H*0 found 14*68 jp.c, 

C’H’O calculated 


oflo 


n. 


grys 


40*00 C.C. 
40 00 „ 


0*612 gragi ^ 
4*90 c.c. 

2 4S .. * 

2'4« „ 

14*86 p.c. 

14*06 „ , 


To obtain the greatest possible amount of precision, the alkaline solution may be 
distilled in a retort with addition of phcuiphoric acid, as proposed by Kissell (Zei^sc^r, 
Anal, CAem. viii. 083), and the acid distillate titrated with normal soda-solution. A 
subsequent analysis of the resulting barium salt will show whether the volatile ^id 
profluend is really acetic acid (Sestini, Gazz, chim, ital, iv. 464), • 

AOBTTXi^raOllCIBaa OB&OBXXIlIf dbO. See Acbtic BBOMn>B,*CuiORiDB, 
&c. (pp. 20, 21). ^ • 

ABBMBPfm See Acids, Fatty, and Garbrrtnb. 


ACBTTXi-XSIVXnmiJkMZSrB, N(C*n»)*(C*H*0).— A base obtained by the 
action of acetyl chloride on diphenylamine (Mera a. Weith, Deut. Chem, Gez. Ber, 

V. 283). • 

JtOBTnnrs, According to H. P. v. Wilde {.Deut. Chem. Ges. Ber, rii. 

362), this gas may be conveniently prepared by passing the vapour of othene di- 
chloride over heated lime, or bettor, soda-lime, the following reaction then taking 
place : — 

(PH«0l* + 2N^O « 2NaCl + 2H*0 + C*H*. 

According to Sabaneieff {Liehi^a Annalen, clxxviii. 10#), the ifcst mode of prepa- 
rnticn is that devised by MiasmkofF and Saudtsh czviii. 300; cxix. 184). < 

Athene dibromide is added drop by drop to alcoholic potash, which is heated on a 
water-bath. The gases which are evolved pass through a reversed condenser into 
another flask containing hot alcoholic potash, and from these again through another 
reversed condenser, ^ter being wash^ with water, the acetylene is absorbed by 
passing it through several bottles containing a solution of cuprous chloride in am- 
monia. The precipitate thus obtained is then decomposed by^ydrochloric acid, and 
the gas is washed with water and caustic potash. 

I^id and Solid Acetylene, — According to P. and A, Th^nard (Compt. rend. 
Ixxviii. 219), acetylene gas, exposed to the influence of the dark discharge, condonsos 
quickly to the amount of 4 or 6 cub. cent, in a minute, the inner surface of the tub© 
soon becoming coated with a solid ^Im. The spbstaiice thus formed has exactly the 
composition of acetyleu*. ; it withstands the action of nil solvents, even of fuming nitric 
acid. By varying the conditions of the oxporimont, acetylene may also be obtaine<l 
in the liquid form. 

Action of Hydrogen, — When 2 vols.«acctyleue and 4 vols. hydrogon aro mixed in a 
tube containing platinum-black, the mixture condenses te 2 vols. of ethane: 

« cap (v. Wilde, Dent. Chem. Ges, Ber, vii. 36i). 

Action of Sulphuric Acid. — Berthelot (in I860), by agitating ai^tylcne with strong 
sulphuric acid and distilling the product with water, obtain^ a volatile pungent- 
smelling liquid, which (without analysing it or examinUsits properties very minutely) 
he xegardM us vinyl alcohol, G*H*.OH, isomeric with acetaldehyde and a lower 
honmlegue ofallyl alcohol (Ij?/ Suppl. 68). But from recent Experiments l^Cager- 
marok a. Elkotoa(XVtt/. Chem. Ges, Ber, x. 637), it appears that this liquid is not an 
alcohol at all, but consists mainly of orottfnic aldehyde, <PH*0, formed by oon- 
drasatioa^ acetaldehyde, C*lPO, the first product of the reaction, and oonvortible 
by oxidation with silver oxide into solid crotonic acid, 

in Gaseous Mixtures, — ^To determine the proportion of acetylene in 
coal gas, Blo^mann {Deut, C%em. Ges. Ber. vit. 274) passes the ^s through am- 
moniaeal cuprous chloride, washes the prwipitate thoroughly with warm dilute 
aqueous ammonia, dissolves it in nitric acid, evaporates, ignites, and weighs the 
residua of cupric oxide, By this method Koenigaberg coal-gas Tyas found ^/o contain 
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in 1 Al Tol*. CtjP 68 and 0*064 toIb. adetylend, whila that istiiitig firom a Bunsen burner 
with dame buniiaff down gaTe by gasomeirie analysis 0*96 vol.. and by deter- 
mination as copper oxide 0*80 toL aoet^ene. 

Aeatjrlaiia Bromldea. The dihromidt^ is formed in small quantity 

by heating an ethereal solution of the tetrabromide with mercury or finely divided 
silver to 180^ ; also, toother with a large quantity of the tetrabromide, by passing 
adetylene into a cold smution of 1 part bromine in 6 parts chloroform. But the only 
way of obtainin|| the dibromide in the pure state is to saturate absolute alcohol with 
acetylene, of which it dissolves about 6 v<^., and then add the calculated quautity 
of Bromine. By repeating this operation several times, and then adding water, tlio 
4 ^bromide is precipitated, and may be separated from lower-boiling byo-pioducts by 
heating the liquid in a salt-bath to 1 15^. Acetylene dibromide is a colourless, mobile 
liquid, which decomposes when distillecf (SabanejefT, Annalm^ clxxviii. 115). • 

* Tetrabromide, (Reboid, Compt, r^nd, liv. 1229; SabanqjoiF, Liehig'tt 

Annaleny dxxviii. 113), — ^This compound is best prepared by passing acetylene gas 
into bromine under water ; it is also formed, according to Keboul, by tlie action of 
bromine on dibromotbene, C*H*Br*. It is a colourless aromatic oily liquid, having a 
sp. gr, of 2*848 at 21*5*^ (^banejeff) : 2*88 at 22*^ (ReboidV It is insoluble in water, 
but dissolves in alcohol, ether, chloroform, carbon sulphiae, acetic acid, and aniline. 
When Heated to 100 ° it is resolved into hydrogen bromide and tribrumethoiie, 
0 *HBp*, a liquid boiling at 162° — 163°, which is also produced by the action of am- 
monia on the tetrabrqmide, or by heating the latto with potassium acetate and 
acetic acid. In the preparation of the tetrabromide a small quantity of a solid 
modification of tribromethene is produced, which crystallises in colourless plates 
sparingly soluble in alcohol and in the tetrabromide, more freely in other and in 
chloroform, does not volatilise with steam, molts at 176°, and decomposes at a 
higher temperature (Sabancjcff^. • 

When sodium is added to an ethereal solution of the tetrabromide, tribromothouo 
and bromocetylene are formed, but no dibromide of acetylene ; small quantities of the 
latter are however produced by heating the solution with silver-dust or mercury 
(Sabanejcfif). When the tetrabromide is heated with alcoholic potash in varying 
proportions, only acetylene and broraacetylene are formed, while by the action of 
silver acetate, potai^iuin cjmoids, and silver cyauiocs no definite pr^ucts could be 
obtained. On heating the tetrabromide with alcoholic potassium or ammonipni 
^sulphide, it is converted into a stroii^-smeUing sulphur-compound, crystalliHiug in 
transparent plates. 

When an alcoholic solution of 4 mols. potash is gradually adrlod to a mixture 
of 1 mol. of the tetrabromide and two of aniline^ the chief product cunHists of 
acetylenetriphoiiyl-triamine : — 

HOBr* , HC>-HN0*H» 

I + 3(H"NOH*‘) + 4HKO - \ >NO«H» + 4KBr + 41PO. 

HOBr* HCXIUNC-Jl* 


Fart of the tetrabromide is however resolved at the same time by the action of 
the potash into acetylene and bromocetylene, on which account it is best, in pru 
paring the acetylenctriphonyltr 1 amine,< 6 o add morw bromine than would be required 
according to the equation atrave givqp. Other seoondanr reaeffous alsfj take place, 
giving rise to glycollic acid and a body having the characters of the isocyan ides 
( 8 al>auejeff). 

A compound isonie^c with acetylene tetraliromide is formed, according to Botir- 
goin {Oompt. rend, Ixxir 953), by t^e action of bromine on dtbromosucciiiic acid n(. 
170°. On dissolving the resulting liquid in other-alcohol, atid leaving the solution 
to evaporate, well-d^ned crystals are deposited, which have the composition 
melt at 54° — 55°, distil with partial decomposition at about 206°, are insoluble ia 
water, but dissolve readily in etlSBr, chloroform, and carbon sulphide. This compound, 
which Bourgoin regmrds as tetrabromethene hydride (or 7 -tetrabromethaDe), exhibits 
t he phepomenou of stq^isiou, the introduction of a crystal of the same substance into 
the liquid instantly d^rmining its solidification : this phenomenon is not exhibited 
when a crystal of tetrabromethene hydridens dropped into acetylene tetrabromide. 


Bromocetylene perbromide, C^Br.Br*, obtained by Che action of bromine on the 
perbromide of acetylene, appears to be* identical in properties with the prf> 1 uct formed 
by heating totrabromethane, C*£TOr*, with bromine m a closed vossol ; this product 
is almost en|^rely soluble in alcohol (Bonigoin, ibid. Ixxx. 666 ). 

When acetylene porbfomide is treated with chlorine, either in direct sunshfne or 
in diiShsed daylight & chlorinated compound is formed in well-defined reetnimiilar 
prismatie ^ynkals, ^png only a fsint taste bat a strong aromatic odour. insolnMe la 
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water, bat Bolnhle in alcohol and ether. Boargoin (Oid. ixxix. 1497) fssigDB tS thie 
compound the formula C*01^r*, and represents its formation by the incorrect equa- 
tion C*H®Br* Cl* =» 2HC1 + C*Ol^Br*, ; it should doubtless be C*H*Br<-FCi* = 
2HBr + C*Cl*Br*. The compound sublimes unchan^gd at a gentle heat, but de- 
composes when heated to 186® in a sealed tube into Br* and 0*01*. It is isomeric 
wth perchlorethene dibromide, CK3l*.Br®, formed by direct bromination of perchlor- 
ethene. (See Ghlobbtheitbs, under Ethenb.) • ^ 

Idtiollic Derivative of A-cetylene, — According to Blochmann {Deut, Chein. 
Oe$. Ber. vii. 274) the precipitate formed by passing ^tylene into an ammonia^ 
solution of cuprous chloride has, when dried over calcium chloride, the composition 
0*H*Cu*0, which may be represented by the structural formula : 

” • «>•?=■»■ 

The silver-compound has, in like manner, the formula C*H*Ag*0. 

These formulae (doubled) differ from those of Berthelot (Is^ Suppl, 36), who 
dried the compounds at 110®-120®, by 1 mol. of water. These acotylides or metallo- 
vinyl oxides appear therefore to form hydrates in the samo manner as metallic 
oxides; thus: — 

Oupric bjrdmte. 

Ou(OH)* 

Argento-Tlnyl hydrate. 

(0*HAg»)^0H)» 

Cuproao-Tinyl hydrate. 

(C»HOu*)»(OH)* 

(Berthelot, Bull, 8oo, Chim. [2], xxii. 441). 

AOaTTX.na-TUPBainrib-'ntZAlIKnrm, C**H'*N*.—A base formed by 
the action of alcoholic potash and aniline on acetylene tetrabromide (p. 36) : 

0*H«Br* + 30H"N + 4KHO = 4KBr + 4H=0 + 

It fbrms soft, silky noodles, melting at 190®, and decomposing when more stroi^ly 
heated ; dissolves sparingly in edid alcohol, more freely iu hot fdcohol, and in aniline, 
carbon sulphide, other, and chloroform. The hydrochloride, C**4[**N*HC1, is readily 
soluble in vmter, but insoluble in hydrocbloric*acid. This salt, as well as the others, 
decomposes slowly when its aqueous solution is loft at rest, and quickly when heated, 
with formation of aniline. The platinochloride^ (C-*H**N*C1H)* + PtCl*, and the 
mercury-compoundf (C*®H'®N*HC1)* + SHgCl*, are insoluble amorphous precipitates. 
The bye-products obtained in preparing the triamine consist of acetylene, brom- 
acetylene, glycollic acid, and a compound having the smell of the isonitrils (Sal>anojeff, 
Liehifs Annal-cn^ clxxviii. 126), • 

AOXXTZiZlIXI. This name, originally given to the metallic derivatives of 
ace^lene, has lately been applied by Tommasi a. Quesneville to the compound 
Ci«H**0*, produced by the action of zinc on acetyl chloride (p. .21). 

AOBTTli-OXAlMCSTBASr^ See Oxi^yErrHAinE. 

See Urbtuanb- 

AOBTVTb-SirabPBirRBA. See Thio-carbamu>bs. 

AOBZXi&BA ACIBBAXITM. J'his plant, which grows |n Italy and in Provence, 
was formerly recommended as a remedy for worms in childro|i, but is now cultivated 
only as* an ornament. Its leaves when rubbed uetween tliD hands emit an odour 
resembling that of camphor. It contains most essence before it ftowers. The essence 
extracted by distillation with water has the specific gravity 0*&9 at 24®. It boils 
at 166®-182®, the thormomotor remaining stationaryibetween 180® and 182®. This 
fraction, C**II**0*, is not oxidised by contact with oxygen^ even in presence of 
platinum-black. With acid sodium sulpbito it gives a milky eii^sion, which keoomes 
clear after several days. It does not solidify at — 18®. With emorine it turns slightly 
reddish, and on neutralisation of the hydrochloric acid with sodium carbonate and 
caustic ppta^, a brown insoluble liquid rises to the top ; and when this liquid, after 
distillatioa, is left in contact with solid potassium hydrate, the original essence is 
reproduced. The same result is obtained by treating the essence with bromine 
(8. de Lnoa, J, Pharm. Chim, [4], xviii. 106). ^ 

AOBBBICATZTB. A molybdo-arsenate of lead from Quanacar4, in the State of 
Chihuahua, Mexico. It has a compact, indistinctly crystalline structure, and a liver- 
browT' colour, but exhibits under the microscope individual gryns of snlg^ur-yellow 


Cuprio oxide. 
OuO 

Argento-vin^ oxide. 

(C*HAg*)*0 

Cuproao-vlnyl oxide. 

(C*HCu*)*0 
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to ora ng a and ned colours. The general brown colonr is due to ferric hydrate* 
Fe’O’JETO, mechanically interspers^ through the mass, and incmsting the grains of 
the pure mineral. StreiJc pale cinnamon-brown. Lustre betweenresinous and adaman- 
tine. Translucent on thin edges ; minute gfrains, when magnified, and clear of iron 
inci^tetion, are almost transpwnt. Under the polarising ^croseope, light fragmonU 
exlibitr colours in some positions, while in others they are without action on the 
polarised beam ; this suggests crystallisation in the dimetrie or in the hezaronal 
system. Sp. gr. of the solid gra&s « 6-966; of the powder « 6*178. Hardness 
lietifreen that of calcspar and that of fluorspar. Fracture uneven, verging in places 
i^pon eonchoidal. The mineral is cosily broken and pulverised. 

Before the blow-pipe it exhibits the usual characters of arsenic, molybdenum 
and lead. It is decompose<l with dffhculty by boiling with strong hydrochloric 
acid, and on adding water and metallic tin, a dark blue colour is gradually devolopotl. 
It is imperfectly decomposed by nitric acid, and on heating it krith strong sulphuric 
acid, adding alcohol, and cooling, a fine sapphire-blue colour is produced. 

The analysis of throe portions, taken from diflTereut parts of the mineral, gave, 
after deduction of ferric hydrate, which is merely admixed, the following results : 


hclo* 



(1) 

18 02 

(9) 

17*90 

(8) 

18-78 

Mean. 

18*26 



619 

4-87 

408 

5*01 

Cl . ... 



214 

2-08 

2*24 

2 16 

Pb (as chloride) 



6-25 

6-07 

6-62 

6*28 

PbO remaining 



68*40 

68*99 

67-63 

68*81 




100*00 

100 00 

100*00 

100-00 


These numbers agree nearly with the formula 3(3Pb*As*0*.Pb01*) + 4Pb*MoO“ 
(Mallet, CKem, Soo. Jour, 1876, p. 1141). 

See DnxTniK. 

iLOms* State of Acids in Aqueous Soluiwn . — Borthelot, from his thermo- 
chemical researches on the reaction between water and acids, infers that various definite 
hydrates are formecl in Ihefl’ aqueous solutions. In the case of nitric acid, for example, 

• ho finds that the curve whrh repres^^ts the rise of temperature on mixii:^ thegicid 
with water in various proportions, oxhioits several ^ints of discontinuity, indicating the 
existence of definite hydrates (Compt. rend. Ixxviii. 760). According to Thomsen, on 
the other liand (DetU. Chem. Ges. Ber. vi. 697 ; vii. 772 ; Chem. Soo. Jour. [2j, xii. 
1052), this supposed discontinuity does not exist, the curve which represents the nse of 
temperature on mixing nitric acid, KO’H, with water in proportions varying from 
o tod mols. being perfectly continuous : hence Thomsen infers that nitric acid does not 
form definite hydrates ; and the same is the case with other acids. This concliision 
is quite in accordance with the results obtained by Ruscoe, who found, in the case of 
nitric, hydrochloric, sulphuric, formic, acetic and several other acids, that mixtures 
of acid and water can be formed, which boil at constant temperatures under anv nven 
pressure, but that the proportion required to produce a mixture of constant Ironing- 
point varies with the pressure itselr {Chem. Soc. Jour, xiil.^3 ; xv. 237 ; and this 
Dictionary, i. 892; ii. 687 ; iv. 80T let Suppl, 7). 

Respecting the representation of the siumsro hydrates of the monobasic fatty 
acids as atomic compounds, see Qrimaux (B^U, Soc. Chim. [2], xviii. 536 ; Ck^, 
Soo. Jour. [2],xi, 371 false Qeuther, Dmt. Chem. Gee. Bsr. vi, 4oS); — alsoCaniiKnins, 
in this volume. ^ „ 

Combining Prowrtions of Acids and Bases. — G. Widemann {J. pr. CAem. [2], ix. 

1 45) has studied tl» action of sulphuric acid on ferric oxide in various proportions 
with the view of determining effect of varying the proportion of acid and base on 

the composition of tbs resulting salt, and the quantity of acid or base left free. * 

Tye main resulti^f the investigation are as follows : — 

(1.) If to an aquOTus solution of colloid ferric oxide in a little sulphuric acid, freeh 
q^oaotities of sulphuric acid are eonttnualbr added, the quanti^ of sulphate in the solu- 
tion gradually increases, while portions of the ooUo’id aside of iron and of the snlphnrio 
acid remain uncombined. Even if ^e quantities of sulphuric acid and ferric oxide 
are in exactly equivalent proportions, still only about 76 per cent, of thorn combllie, 
while 26 per cent, of the equivalent of acid and oxide remains free in the solution. 
If the qmintity of sulphuric acid is less than that which corn^sponds with an 
equivalent of the dislblved oxide, the quantity of sulphate formea rises at first 
somewhat more quickly than that which corresponds with the increase of add, then 
gradual!]^ reaches i maximum, so tl^t half an equivalent of the acid wrocli is 
atltlcd to the solution after the first, c(Mnbines with abni^ 15 per cent, more of tbs * 
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X ivalent of oxide, and a further half-equiralent of acid with about 4 per c|nt. If 
ut four equivalents of acid are used to one of oxide, almost all the oxide enters 
into combinauoU with the acid, and the maximum is so nearly reached that the differ- 
ence is eoTored by the errors of mampulation. 

(2.) Whether the oxide and acid are added in exact equivalents or in other pro^r- 
tioos, the relative quantities of sulphate formed, and ojf free oxide and acid reznainiqg, 
are not much affected by variations in the amount of water in the solution. Hence 
it follows t^t if the salt formed is insoluble, it wiM be precipitated, and part ofHhe 
remaining free acid and oxide will combine, and a farther precipitation will take pliice, 
and so on, till the whole of the base and acid are precipitated. In this case 
the original proportion of combined and free acid and base cannot be directly def 
termini. ^ • 

(3.) Bpr addition of increasing quantities of acid to onc^^uivalent of ferric oxide 
the quantity of free aeid in the solution at first diminishes, till the whole quantity of 
(free and combined) acid in the solution amounts to somewhat more than one equiv- 
alent. On further addition of acid, the qtiantity of free acid in the solution increases. 

(4.) If the Q^iptjty of ferric sulphate formed when one equivalent of ferric oxide 
is omplo;^ed is the equivalents of apid used, it is found that the quantity of 

ferric oxide combing with an equivalent quantity of acid is greatest when the g>iaDtity 
of acid in the solution amounts to somewhat more than one ^uivalent of ^acid to one 
of oxide. With larger quantities of acid, the quantity of oxide in combination with 
one equivalent of acid is smaller. With an infinite quantit5’ of acid it woufd be 
infinitely small. The same proportion, however, also holds good with smaller quantities 
of acid, although it might bo supposed that the acid would saturate itself with the 
excess of oxide present. 

Combination df the Fatty Adds with Alkalis, — Berthelot {liulL Soc, Chim. [2], 
xxiii. 290, 307) has made experiments on the heat evolved in the formation of the 
alkaline salts of the first five acids of the fatty series (formic to valeric), the stability 
of those salts in presence of wat(^r, and their reciprocal displacements. 

^ The quantities of heat evolved in the formation of the normal salts of these five 
acids with the same bases in di^to solution are nearly equal ; the heat increasing 
slightly with the molecular weight of the acid, and vaiyin^a littl^ with the degree of 
dilution. ^ 

'^e various isomeric acids of the butyl aiM amyl series diseusago exactly the ‘ 
same amount of heat in combining with the same base, and cannot, therefore, be dis- 
tinguished by this moans. 

In contact with water, the alkaline salts of the fatty acids exhibit a degree of 
stability intermediate between that of the strong acids, whose salts are not appai’> 
ently decomposed by water, and those of the weak acids, such as car1>onat6s, sul- 
phides, and liorates, which undergo partial decomposition. ‘They approach more 
closely to the weak acids in proportion as their equivalent rises, from formic acid, 
which is almost as energetic as the mineral acids, to valeric acid, the neutral salts 
of which are easily changed into acid salts by evaporation, and to stearic and margaric 
acids, the alkaline salts of which are very easily decomposed by cold water. These 
salts disengage heat on dilution, especially sodixm butyrate and valerate 

lujluence of an Fxcess of Base, — All the neutral soiHnm salts of the fatty acids 
evolve an additional quantity of boat in presence of an excess of base. This heat is 
devolopocl on the addition of a small quantity of base, and is probably due to th»-re- 
constitution of a neutral salt which been previously decompose by the water 
into acid and base. A further addition of base has«-no appreciable effect. The evolu- 
tion of heat by excess of base is greater for the but^ate an(f valerate than for the 
acetate and formate, showing that the decomposition of the noi tral salt increases 
with the molecular weight of the fatty acid present. ^ 

Infiumee of Excess cf Acid . — The addition of an excess of asid to an alkaline salt 
also causes a disengagement of heat, which is especially sensible when the amognt of 
acid added is small ; and the amount of heat inereases with the gjuivalent of the aeid. 
The heat disengagMl by the addition of an excess of acid is greater than that which 
is produced by a similar excess of base. 

Beciprocttl IHsplaceTnents of the Fatty Acids . — ^When acetic acid is added to sodium 
formate, or formic acid to sodium acetate, there is a disengagement of heat which is 
duo to the formation of acid salts. In these reactions there are two contrary thermic 
effects : the partial substitution of one acid for another canses^an absorotion of heat, 
and the formation of acid salts causes a disengagement of heat, and in these cases the 
latter ](fimpondeTates. Similar results generally occur with othcf acids of ^e series, 
..but in some cases, as in the addition of formik acid to sodium valerate, it d<«pends 
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upon the projpiortion ef add added, whether the net result is a diaeogogomeut or an 
alworatToa or heat. 

The heat of formation of the neutral sdts of the fattjr adds in the solid state is 
less than the heat evolved, under similar cireiunstaaces, with stronger acids, such as 
sulphuric, nitric, or oxalic acid : formic acid, being the richest in its percentage of 
evolves the la^st amount of heat, but, contrary to the results obtained in 
solution, the heat dimiaishes as the molecular equivalent of the acid increases, and 
thha diminution is correlative with a diminution in the stability of the salt. (See 
fotlther, CompL rend, Ixxxi, 844 \ Chem. Soe, Jour. 1876, i. 618.) 

^ of Aromotisod Tmttp Aolds. Conrad a. Hodgkinson {2}eui. 

Chem, Gm. Ber, x. 254),— When benzyl acetate (300 grams) is heated to 120® 
with sodium (12 grams) a violent reacticid takes place, aiteuded with evolution of h^dro* 

S en. The chief products of the reaction are sodium acetate and an oily body. l>oi1ing • 
bove 300®, and giving on analysis numbers agreeing with the formula 
The latter product, when boiled with Ixiryta- water, is decomposetd and yields a Iwirium 
salt, the acid of which agrees in com|xisition with the formula melts at 40®. 

and has the characteristic properties of ^-phonylpropionie j|||^ hydrucinunmir 
acid. ' 

Th^compound is therefore the lionzylic ether of hydro6tnimmic acid, 

or hydrocinnamein. It appears, therefore, that l)enzyl acetate is not. 
acted upon by sodium in the same maimer as the acetic others of the fatty series, but 
that the reaction tokdk place mainly in accordance with the equation : 

2(CH*.CO*C’H’) + Na CH*.CO*Na + C^JPO’O’H" + U. 

Benzyl butyrate similarly treated yields the bonsyl ether of phenyl-valeric acid 
— a liquid boiling at 240®~250® under a pressure of 120 mm. Th^ substance is de- 
composed by boiling baryta- water, yielding an acid melting at 78®. 

ACOMira AUUAO Beckett a. Wright ( Year-book oj Pharmacy^ and 
Pharih, Conf, TVans. 1876) have analysed various alkaloids and their salts propiired 
from aconite roots, by Mr. J. B. Groves, in the ^Bowing way. The ground roots 
were treated in a ^rcolatMir with alcohol acidulated with hydrochloric acid ; and the 
resulting extract was boilef) doun to a small bulk, precipitated with ammonii^ and 
agitated with ether, whereby a mixtd^ of bases was obtained. * 

Roots of Aconitumferox (Nepaul aconite) thus treated yielded an ethereal extract 
from which a base crystallisra by spontaneous evaporation ; this base, called by Mr. 
Groves * pseudaconitine,* yields salts so difflcuUlv crystallisablCfthat hitherto they have 
been obtained only os varnishes. After several puriOeatious by crystallisation from 
ether and alcohol, it gave numbers agreeing l^est with the formula, C**Il**NO** ; the 
platinum salt is somewhat readily soluble in water and alcohol, and does not ciystal- 
Itse readily. This base is snparontly the main ingredient in the preparations 
variously designated as * English aconitine/ * paraconitino,' &c. 

By converting this substnnee into iodomercurate (l^ precipitation with mercuric 
iodide dissolved in potassium iodide), and regeneration by means of sulphuretted 
hprdrogen (to remove mercury) and Kod acetate (^o eliminate iodine) in alcoholic solu- 
tion, more or less change seems be produced. One speciffien thus prepared crys- 
tallised in woll'doAned rhombohedrons, which showed a diminished percentage of 
carbon as compared with the original * pseudaconitine ; ' the quantity of these crys- 
taln, however, was insufllciefit for the complex dotormi nation of the formula. Other 
specimens prepared in this wu^^from * pseudaconitine * exhibited the same kind of 
action, the mreenta^ of gold in the gold salt being sOmewbat raiM^l, and hence 
apparently the n^eeular weight of the base being lpwere<l ; these specimens, however, 
did not crystallise in the well-defined rhombobedronp exhibited by the other suVwtance. 
All these specimens appealed to be eminenUy toxic. BesidM ' pseudaconitine,’ 
amorphous or difficultly erystallisablo alkalcnds were obtained from the ulcohoHe 
extitct ; but they ||^Te not vet been fhlly examined. 

Boots ofAconiium Napeuua treated in ihe same way yielded a mixture of at least 
two slksk>Ids» forming readily ciystaEisable salts, besides other amorphous bases. 
Of these two one separated partially as a hydrochloride at a certain stim 

during the working up of the etbeseal solution ; this hydrochloride, when purified 1^ 
successivs crystaUisations, yielded numbers agreeing best with the fonnula* 
0'*H»EQ«.HCl.liH*0, the formula of the free base being and that of 

the gold salt 0*'H^liO'*.HCl.AuGl*. The platinum salt of this base is also some- 
what readily soluble. Although the salts (c.y. the nitrate and hydrochloride) of this 
base emtaUise wi^ great facility, it was not found practicable to obtsu^i^e free 
Wee in a eiystallino form; from all solvents tried, it separated only os vamUli. 
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Comparatively speaking, this base is inert ; its salts do not product the tongne* 
pricklinff cliaitMSteristic of aconite roots, but have a pure bitter taste. ^ * 

The liquor from which this hydrochloride separated contained, besides a lai^ge 
quantity of the non-dystallisable base, a second alkaloid separating by spon- 
taneous eyaporation from the ethereal solution of the mixed bases in ^hydrous 
ciystals; after several crystallisations from ether, it gave numbers leadittfjbo'^lm 
formula C**H^*NO*®, the air-dry hydrochloride being C**H^NO‘*.H01.3H*Us 
substauce agrees in physiological and physical ^aracters with the ‘ aconiti|ie/%f 
Duquesnel and others; Duquesnel, however, attributed to crystallised * aconitine' 

A. Napeflm the formula (2nd 23), which requires numbers "Wiy 

different from those above given ; his mode of preparation, however, was sodMsmatr 
different from that adopted by Mr. Groves, ^Icoholic tartaric acid being employed 
instead of alcoholic hydrochloric acid, and the extract being evaporated at a temper- 
ature not exceeding 60^. Subjecting the alkaloid to the mercuric iodide process seemq 
to lower its molecular weight. 

It seems highly probable, on comparing the above results with those of others 
who have worked on the subject, that the aconite roots contain various alkaloids, or 
else that the alkaloid present is extremely alterable. Duquesnel has suggested that 
' aconitine ’ is probably a glucoside ; this view is quite in harmony with the resdlts 
obt>iiued, different specimens being not improbably mixtures of the glucosjde wd the 
prcxluct of its deglacosation. * Psoudaconitinc,’ when loft in contact with waterand 
einulsin, emits an unpleasant fermentative odour, and partially dissolves ; the soltftidff 
containing a salt which gives a reddish coloration with ferric chloride — ^presumab^ aU 
neonate : no glucose, however, could bo detected in the liquid at any stage in the 
action (see further Wright, Ckem. Soc. J. 1877, i. 143). 

Zinoffsky {^Chem, Centr, 1873, 163) estimates aconitine by means of a standard 
solution of potassio-morcuric iodide, prepared by dissolving 13*546 grams of marcuric 
chloride, and 49*8 grams of potassium iodide in a litre of water. A dilute solution of 
aconitine in sulphuric acid is treated with alcohol, the alcohol is removed by evapora- 
tion, and the liquid treated with the standard mercuric solution prepared as above, 

1 c.o. of which throws down of an equivalent of aconitine. The final point 
in the titration is determined by filtering a few drops of the liquid into a watch-glass 
placed on black paper, and adding one drop of the standaru soluticfn. If the reaction 
is c<^plete, not the slightest turbidity will a^ipecur. The number of cubic centi- • 
meters added, multiplied by 0*02666 and increased by 0-0006, gives the amount, of 
aconitine. 

On the solubility of aconitine in chloroform, see Alkajxiids. 

ACOVITXO AGIO, This acid has been found by A. Bshr {Dmii. 

Chem. Ges, Ber, x. 361) in concentrated cane-juice (Melado) imTOrt^ the West 
Indies. The acid thus obtained was found to agree in composition, ibid in the cha- 
racters of its ammonium and calcium salts, with aconitic acid prepared frenn citric 
acid, but its melting point was 172^-173^, whereas that of aconitic acid is gMerally 
stated to be about 140^. Behr finds, however, that this latter molting point is much 
too low. Aconitic acid, prepared by decomposition of citric acid, was found, filter 
purification, to molt at 168®-169°> and whenestiU further purified, ^ 187^-188^ ,, v 
The true melting point is difficult to determine^ inasmuch as the acm in jlscltiii^ 
eufifors partial decomposition. 

According to PawoUock Annalen, clxxviii. 160), pure aconitic AcM is 

most readily obtaineil by heating 100 gVains of citric acid in a^imaU fiaslt 
with a liont distillation-tube halt a meter long, untjl the wholq, tube is wHa 

small oily drops. The residue is then heated in a basin on a* water-bath with 
grams of water, until it becomes solid and ciystalline. On addin^pure ether to the 
powdered mass, aconitic acid dissolves, and citric acid is left behind. Pure 
acid is not precipitated by boiling with lime-water, andr does not prevent thiir|liw]f^ 
tation of ferric oxide by ammonia, but the presence of a vary amHll quantity of dtric 
acid prevents it. The latter may also be dUected by pHpari^ the barium saltp and 
examining them under the microscope, barium citrate shoe 
forms. * , 

Aconitic acid combines with 'hypochlorous acid, but the monochli 
formed ciuinot be isolated, nor can its salts be obtained in the pure staiSi^iMie they . 
readily decompose, with formation of a chloride and an oxycitraU. " - ' m 

JLCROGWS- The wood of several of these plants, including thail/if a 
fern from Australia, has been analysed by O. W. Hawes {S4U, Am. Jottr. [SJ, vii. 
886), whoso analyses show that it does not differ in ultimate composition from that 
of othefHrfyos. c ^ 

JkCntOUkOTlO AC8]>* G’fi^O* Cl/(OH)=:CH- CO‘H. An acid relafeA 


chari^teristic 
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to IsMtlo fcid m the Btfme manuor as aciylio to propionic acid. Its barium salt is 
formed, together -with barium chloride and alcoh(3, bj the aotion of boiliog baryta- 
iratet on ethyl diloraczylate (p. 45) : 

2(CHCl:^H~CO*C»H») + 2Ba(OH)* - BaQ* + 3C*H*(OH) 

*• ^ + [CH(OH)=CH— CO*l*Ba. 

By ijraporating the mixture of barium chlorido and acrolactate, adding^ alcohol to 
aepaittta the greater part of the bar;im chloride, then exactly precipitating the re- 
maiung .barium with sulphuric acid, concentrating the ftltrate on the water-bath, 
and wally eTaporating over sulphuric acid, the acrolactic acid is obtained as ii thick 
S]1hip shows a tendency to crystallise. The s/Vwr snlt, 0*H*AgO*, is white, 

blaclmns qfhickly on exposure to light, apd is moderately soluble in water (Pinner, 

» DetU* Chem. Ge$, Ber, vii. 2^0). 

•Acmouilirf 0*H*0. Formation from When a mixtnro of ethylene 

with a quantity of oxygen considerably 1 cm than sufficient for its complete combustion 
(t.s. an equal volume or less), is exploded by the electric sp^k, the carlion is partly 
separated, partly oxidised to monoxide, while the hydrogen is set and a portion 
of thg caroon monoxide thus formed unites with undecomposed ethylene, forming 
acroIeiSy -h CO « C*1I*0. The presence of acrolein vapour in the gaseous 
product of tlm reaction may bo recognised by its intensely pungent odour, and by 
up the mixture with ether free from alcohol, which dissolves the acrolein, 
foining a solution wffich, when treated with moist silver oxide, ^ yields silver 
acrylate identical in properties with that prepared from ordinary acrolein, and giving, 
when decomposed by sulphuric acid, the characteristic odour of aciylio acid. The 
formation oi aorolem by the combination of ethylene and carbon oxide takes 
only when the carbon oxide is in the nascent state, no such effect 4>eing produc^ 
when eleetrio sparks are passed through a mixture of ethylene and ready-formed 
carbon oxide (E. von Meyer, J, pr. Chem, [2], x. 113). 

Reactions . — 1. With Ammonium Thiocorbawate, acrolein forms diallylidene-am- 
monium thiocarbamate : 

S:?H^ 2C»H^O « 2U»0 + CS | 

fE. Mulder, lAchig's Antuden^ clxviii. 228). 

2. With AlkrUim Bi8ulphittut.--Buhner a. Geuthor, by treating acrolein with acid 
sulphite, obtained an uncrystaliisabie compound from which neither acrolein 
wxr eulphurous acid could be produced (i. 67). Max Muller {Btut. Chem. Oe$. Ber. vi. 
• Iddiy that when I mol. acrolein is added by small portionH to a well-coolwl 
idLilU^ ef 2 potassium sulphite, the odour of acrolein disappears entirely, 

hut is reprodneed permanently on addition of a larger quantity. The resulting liquid 
doee not yield any crystalline product; when treated with acids, it gives off sulphur 
dioxide (mdf the amount which it contains), but no acrolein ; with barium chloride, on 
addition of .ttminonia, it gives a precipitate of barium sulphite (also representing half 
the contained in it) ; and it reduces an ammoniucal solution of silver. Alcohol 

mcMItatee from it a viscid mass, soKiifying afte#a while to ciystalline nodules, 
whfSE wW dried at 140^, have a composition answering to thoTormula C)*U*K*S*0’, 
or C?^K>.2SO*K. Miillor designates the acid C»H•S*0^ corresponding with the salt, 
as nttioiaqrolci n-su Iphurous acid, and represents its constitution by the 

lie potaallum salt this acid, treated with ammoniacal silver solution, yields the 
aniphopropionic acW. CH*—CH(SO*H)-rOOH, described by Ihickton a. Hof- 
maim, and hy rodugtion with sodium-amalgam, oxypropanosulphonie acid, 
Muller supposes that the sulphacroloinsulphurous acid is first 
loss of lulphurfus acid and water, into aeroteinoulphwrous and, 
OH^GH(SO^— CHO, wbteh then yields oxypropanesulphonic arid by reduction, 
^«nd aplj^pxnpioaie oxidation. 

iTJliriiirttfai C*H^OBr^ This compound, formed ^ direct combination 
fill itjllidd in the first instance, but according to L, Henry Chem. 

% Gert. is converted by contact with nitric acid into a solid polpoende 
which cryibJBiea from hot water in shining laminse, and by slow evaporation in weib 
defined prisdkitie crystals, melting at 69®, very slightly soluble in cold wat^, mwh 
more eemly m^wann water, and still more in al^hoi. The alcoholic solution sararateo 
with Iwdxochlorlc acid yields a body heavier than water, insoluble theiejn, and hoili^ 
above 200® ; it has not been analysed ; but Henry reganls it as probably haniii^ the 

l#omporitionfTO^Br<^^^ . 
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Accozding to Liimei&Bim a. PeDl* on the other hand Ch8tn„ £er. yiii. 

1097), the solidification of the liquid dibromide onder the infiuence of nitric acid is 
by no means of constant occurrence, and, moreorer, nitric acid is not essential to its 
production, inasmuch as the liquid compound yill sometimes solidify under water, 
and more or less completely when simply left to itselfi 

The properties of solid acrolein dibromide differ to a certain extent, aceordi|m to 
the circumstances under which the solidification has been effected. Y^en solidified 
by nitric acid, it may be recrystallised from lipiling benzene, but not, as stated by 
Henry, from water. It then forms microscopic prisms, melting at 66^. In the^nsed 
state it exhibits Tory remarkable properties, and decomposes with unusual facilify on 
slight elevation of temperature. When soli^fied under water, the dibromidf is 
somewhat more soluble in benzene, but cr^tallises in the same form, and melts at 
60^. The solid dibromide changes spontaneously aftof some time into the liquid* 
modification, which still retains the property of solidifying under water. • 

The freshly prepared liquid and the partially solidified dibiomide are violently 
oxidised nitric acid of sp. gr. 1*42, even at orainaiy temperatures. Dilute nitric 
acid likewise oxidises them slowly in the cold, more quickly with the aid of heat. 
The perfectly solidified dibromide behaves in the same manner, dissolving slo-v^y and 
with oxidation in nitric acid of sp. gr. 1*42, diluted with 2 vols. water. Hqpry's state- 
ment that acrolein dibromide is not oxidised by nitric acid appears, therefore, to be 
incorrect. 

The products of the oxidation of acrolein dibromide are 4>romiDated organtc acids. 
With nitric acid of sp. gr. 1'42 added in equivalent quantity, the mixture being cooled 
at first and afterwards heated, the product consists of dibromo prop ionic acid, 
C*H''Br^O^ identical with that which is obtained from the dibromide of allyl alcohol 
(see Fbopionic Acid). With excess of nitric acid, a largo quantity of oxalic acid is 
produced, together with tribromopropionic acid, melting at 93°. 

Bv oxidation with cold dilute nitric acid, two brominated acids are obtained, one 
liquia, the other crystallisable. Tlie liquid acid dissolves sparingly in water, easily 
in carbon sulphide. Its sodium salt crystallises in a mass of thin silky needles, and 
contains an amount of bromine approximately equal to that of sodium dibromo- 
propionate. The solid acid <s insoluble in carbon sulphide, but dissolves easily in 
water, and may be crystallised by cooling from its solution in dhloroform prepared at 
the lioiling heat. After drying in a vacuum^it melts %t 98°, and contains an amoun^i 
of bromine equal to that of sodium dibromolactate (Linnemann a. Pent). 

Reactions of Aoroteln Ky’droolUorlde (Taubert, Jenaisohe Zeitschr, /. 
^atuTViiimniehoft* x. l-2ft). — 1. With Alcoholic Sodium Ethylate, —When acrolein 
hydrochloride is warmed with a slight excess of sodium ethylate, formed by dissolving 
1 part of sodium in 9 parts of absolute alcohol, a violent reaction takes place; 
sodium chloride is separated in large quantity ; and a liquid is formed, from which, 
by distillation with water and other processes, the following bodies have been obtained, 
together with some others not yet investigated : 

a. Metacrolein^ formed in accordance with the equation : 

C*H*O.HCl + C'S^NaO - QJH^O + 0»H»0 + NaCI. 

h, A body formed by the replacement of chlorine in acrolein hydrochloride by 
ethozyl, and hence having the formula, 

* CH» 

« OH.OO»H». • 

COH- 

This is a colourless oily liquid, of peculiar aromatic ^our, Md bitter acrid taste, 
burning with a blue non-luminous flame. It dissolves in alc(mo]. ether, and water. 
Sp. gr. 0 036 at 4°. It begins to boil at 130°, but# cannot be distilled without de- 
composition. • ^ 

0. A thick oily liquid, of yellow colour and neutral reac'^n, dissolving easily in 
alcohol and ether, but not in water, and giving, on anal^'s^umben agreeing with 
the formula 0*11*0*. This substance is decomposed by distillation, yielding at first a 
larM quantity of acrolein, and afterwards the compound C*H**0* (e) perfectly pure, 
whilst a black carbonised mass is left in the retort. 

d, A resinous substance having the composition and properties of heacacrvlic scuf, 

s, A body which agrees approximately with the formuta, C*H**NaO*, and may. 
therefore, bo regartled as the so<lhim salt of a monobasic acid, (Jriacrolic 

acidji formed by the combination of 3 mols. of acrolein with 1 0iol. of water. 
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2. WM i>«M|i*onM 0:ejfoUoride and THeUortife.— Aeralein Imlioehlorid* is not 
attacnd bjr phosphoros oxyehloride in the cold, bnt when it is warmed therawith, 
a bnsk reaction takes place, hydrogen chloride is evolred in large quantity, and the 
coinpoimd is carbonised; and in the end completely decomposed. 

Phosphorus trichloride does not act upon acrolein hydtoohloride, even when boiled 
with it.» 

o. Acrolein hydrochloride reacts with ahsoltUe alcohol at 100*^, with potaonum 
hydraU at 140®, and with p^assiuTo^iceiate at 180®, bnt none of the products of these 
reactions have as yet been isolated. 


e JkCntTMO ACZn, C*H^O^ This acid is formed by dobromi nation of ^*dibro* 
mopropionic acid, and may be reconverted into that acid by direct addition of 
bromine : * 


CH*Br 

<!)HBr - 

<ioOH 


Br’ 


OH* 

L 

ioOH. 


It is also^nverted into mono-, iodo-, bromo- and chloroprop ionic acids, by treat- 
ment with the corresponding haloid acids {2nd Supjtl. 27). According to Caspaiy a. 
Tollenl {Ann. Ch. Pharm. cbcvii. 285).^ it is hydrogenised and converted into propionic 
acid by prolonged contact with sodium^amalgam, but not bv short contact with 
nascent hydrogen in an acid solution. Linnemann, on the otner hand {ihid, eUxi. 
291 ; Peut. c£/s. Qes. Bet. vi. 1520; vii. 854 ; J.pr. Chrm. [2], x. 157)» 8nds that 
when a solution of sodium acrylate is treated at the boiling^ boat ^r fifteen hours 
with zinc and sulphuric acid, the acid Mng added by successive small quantities so 
as to keep up a continuous gentle evolution of h^rdrogen, the acrylic acid is completely 
converted into propionic acid. The same reaction takes place, though more slowly, 
at ordinary tomperutures. 

It is commonly stated that acrylic acid, when oxidised by fhsion with rntjish, is 
convert^ into acetic and formic acids, w4h ovolutiowof hydrogen (Is/ Supjfi. 41): 

0*k«0* +iU*0 - C*H»0» + CH*0» + H*. 

• ^ • • 

According to Linnemann, however, this is not tlio case. When pure sodium acrylate 
was fused w'ith potash, and the product distilled with sulphuric acitl, not a trace of 
either formic or acetic acid could be detected in the distillate, which indeed con- 
tained nothing but a smaU quantity of unaltered acrylic acid. Neither is acetic add 
pi^uced by oxidation of acrylic acid with nitric or chromic acid, 

Those results accord* with the conclusion previously airivod at by Linnomanu 
{2nd SuppL 718), that acrylic acid does not contain the group CH* ; and this conclu- 
sion is fHirther borne out by the fact, recently observed by the same chemist (Prut, 
Chem, Gcs. Ber. viii. 1095), that sodium acrylate heated tr> 100® in soueous solution 
with caustic soda, takes op 1 mol. NaHO, forming disodic lactate, 0*ii*Na*O', which 
is speedily resolved by the action oL water iiito^soflium hydrate and monosod tc 
lactate; C*H^Na*0* + H*0 « NallO h C*H*NaO* (in. MD); the monosodic 
lactate thus formed being however not a simple salt, but a mixture in equal proportions 
of the sodium salts of the isomeric compounds, hydracrylic acid and ethylene-lactic 
acid, neither of which contains the methyl Byou]| CH*. 

Linnemann has further shown {Ann. Cn. Pharm. clxxi. 301) that acrylic iiciil is 
not formed from acrolw by oxidation with chromic acid, and that acrolein is not 
produced by heating a mixture of calcium acrylate and calcium formate. From this 
it must be inferred Hther that acrolein is not the true aldehyde of aciylie acid, r>r 
that the constitution of one or lg>th of these bodies is not exactly anahirous to tlmt 
of the ^dehydee and acids of the fatty series. It has indc^ b^n already explained ^ 
{2nd mmd- 710) that ^rolein, acrylic acid, and hydracrylic acid, may perhaps be re- 
presented by the foUo4rifig formulje : 

CH* .CH»OH 


OH* CH» .CH 

J, J Jn 


AexoMa* 


HOH 

Acrylic add. Hydracrylic acid. 


Acrylic getd scpar^twl by the action of hydrogen sulphide at 170® on its lisai salt 
(which may be cunvcniently mixed for tke purpose with nn oqii/il quantity of sand). 
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ttt about 140®, solidifies in a freezing mixttipe at about —lb®,* and meltj at — 10®- 
Its boiling point is therefore nearly the same as that of propionic acid, the same 
relations exist between its ethers and those of propionic acid (Caspary a. ToUens). 

- ActylatBB,— Sodium acrylate^ C»H*NaO*, crystallises in microscopic lenticular 
needles, deliquescing in moist air or when placed with water under a bell jar. ^ Its 
aqueous solution is nearly colourless, having only a faint yellowish tinge. A solution 
saturated at the boiling heat solidifies to a jellj^on cooling. It is but very sparingly 
soluble in alcohol of 99 per cent., whether cold or hot. In alcohol of 80 per c^t. it 
dissolves very easily, but a solution prepared at boiling heat does not crystallise on 
cooling. If a solution in 80 per cent, alcohol be evaporated over the water-bath ^11 
a film forms on its surface, the residual sjmp after cooling solidifies immediately, on 
l>oing touched, to a crystalline mass, exhibiting under the microscope groups of • 
capillary and lenticular crystals. The salt does not alter in appearance at 260®, J>ut 
at a stronger heat it gives off a little acid, then swells up ana decomposes, giving 
oflF enmyreumatic products. By hydriodic acid it is converted into fi-iodopropionic 
acid (Linnomann). 

The calcium mIU (C*H*0^)^Ca, is a very hygroscopic mass formed of radiate needles. 
The BlTontium boH, (C*H*0®)*Sr, forms small very soluble rhombic tablets, ® 

The methyl ether, obtained by treating a solution of jS-dib^idopropionic 

acid in methyl alcohol with zinc &nd3ulphuric add, is a liquid having a very pungent 
odour, and boiling at 80®-86®. The atlyl eiher^ C*H*0*.0*H*, is a liquid h^ng a 
disagreeable pungent odour, and boiling between 119® and 124®. During distillation 
it o&n suddenly thickens to a jelly, the remainder then distilling over unaltered on 
raising the temperature. It likewise undergoes this change after a time, even at 
ordinary temperatures, especially in sunlight. The other acrylic ethers, as also the 
free acid, anrt several allyl -com pounds, remained unaltered after exposure to sunlight 
for several months (Caspary a. Tollons). 

Bromaorylio Aold« C*H*BrO®. Of this acid there are two modifications, 
a and /I, formed by abstraction of HBr from a and iS-dibromopropionic acids respectively : 


CHH(U) 

CHfl4 

(JBr(Br) - HBr.- 

CBr 

I 

iooH 

COOH 

a*dibroinoprop1oiiic ucid. 

a-bromooryllc ucid. 

CHBrCH) 

OHBr 

1 

II 

OH(Br) - HBr « 

CH 

COOH 

j 

COOH 

/I -dibroDio propionic acid. 

/S-bromacrylic acid. 


The a-acid has becn 4 ;tudied by l*hillippi a. 'Aliens Ch. l*harm,c\x%\, 333) ; the 

/3-acid by Wagner a. Tollens {ibid. 340). ♦ 

The two acids are obtained as potassium salts by the action of boiliug alcoholic 
potash on the respective dibromopronionic acids : 

0*H«Br*O* + 2KOH = KBr +.2H»0 + Cm»BrO*K. 

• • 

a^Bro^crylic Boiling alcoholic potash acts bnt slowly on a-dibromopro- 

pionio acid, and, to complete the reaction, it is necessary to use an excess of the 
alkali (about 3 mols. KOH to 1 mol, • 

Potassium a-bromacrylate crystallises from water in rhombic plates. Tq obtain 
the ftce acid, sulphuric acid is added to a concentrated soluti^ of the potassium salt, 
and the liquid is shaken with ether. It is very soluble in wfiter and alcohol, readily 
attac^ the skin, and erystalUsos in rectaogular plates melting at 69®-70®. When 
kept it soon gives off hydrobromic acid, and a soft brownish mass is left l^hind. On 
heating it with 3- 4 parts of fuming hybrobrpmic acid to 100®, it is converted into 
fii-dihromoproi^nic acid, which is also proditcetl when a-dibromopropionic acid is 
heated with hydrobromic acid to 100® for about a week. This striking example of a 
molecular change may bo explained hy assuming that the a-acid, whfch at \ 20® is 
quickly resolvml into hydrobromic acid and a-bromacr^ie acid, undergoes the 
sami^docompositien slowly at 100®, and thus the following rei^ton take^ place: 

• Tlits w prinlot 16^ in ‘Jrir! Snpf . p. 27. 
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• CH* 

I * 

OBr* 

I 

COOH 


OH* 

'k 


+ HBr - 


CH*Br 

LhBt 

ioOH. 


^Br^puteryUc AM . — Boiling alcoholic potaah acta readily on ^-dibromopropionio 
aciaT and the reenlti^ potassium, bromacrjlate is easily obtained pure by leaviinc the 
solation to cool imtil no more potas^um bromide cr 3 *stalLiBe 8 out, and crystals 5 the 
broi^g^c^late b^gin to make their appearance. The solution is then evaporated, and 
the residue crystallised from water, m whiidi this salt is less soluble than the bromide. 
It^rystallises in brilliant, rectan^ar, striated plates. 

^ To prepare the free acid, a little more than the required quantity of sulphurio 
, acid is i^aed to a concentrated solution ox the potassium salt, and the liquid waken 
wi^ a little ether, to obtaift a concentrated solution, which is heavier tnan water, 
and can therefore be easily separated. On evaporating the solution, melting the 
residue with a little water, and pressing, the pure acid was obtained, ciystallising in 
large brilliant square plates, or in a combination of the pyramid and prism of the 
first order, P « ooP. Its odour resembles that of propionic acid ; it is very caustic, 
and tilistm the skin. On distillation it undergoes partial decomposition, aud when 
exposed to lig^ht, gives off hydrobromic acid, leaving a brownish-black syrupy mass 
soluble in al^hol, water, and potash. When the crystals are kept over sulphuric 
acid, tRey become whit# and soft, and when they are treated with water, an in- 
soluble residue is left behind. 

The sodtuia-soff, 3-C*H*BrO‘^Na ^ is very soluble in water, and forms 
warty masses, consisting of tufts of microscopic ne^es. 

The ammonium-salt^ /3-C*B[*BrO*NH\ czystallises in plates. 

The silvtT-scUtt /3-C*H*BrO*Ag, is a ciystalline precipitate, coniisting of small 
glistening plates. 

The caJicium-salty /9-(0*H*Br0’)*Ca + 4H*0, forms silky interwoven needles, 
which lose water in the air, but do not deliquesce, wliilotlio anhydrous salt when k(q>t 
becomes first liquid and then changes into a brown mass. 

The 6ari*WM-so/f, fl-(^C*H*BrO*)''*Ba + 411*0, is readily soluble in alcohol and hot 
water, and crystallises m microscopic rhombic plates. 

* The strontium- salty i8*(C*H*BrO^)*Sr, ciystallises from alcohol in microscopic 
plates. 

The zinc-salty /3-(C*H*BrO*)*Zn, is sparingly sohil>lo in alcohol, and forms micro* 
scopic plates, often growing together in the shape of a cross. 

Ethyl fi-monobromacrylate could nut bo prepared by boating the potassium 
salt with alcohol and ethyl bromide; a bettor result was, however, obtainea by using 
tho silvor'salt. It is §. liquid boiling at about 165^^1 69°, with docoiupositioD, 
ethyl bromide being formed, and a white insoluble body left behind. The acid 
heated with hydrobromic acid is reconvertotl into ^-dibromopropionic acid, 
OH»Br— CHBr--CO»H. 


Cblonunryllo C*H*C10*. The ethylic ether of this acid is formed by the 

reducing action of zinc and hydrochlorig acid on etl\ylic trichlnrolactato : — 


It is a limpid mobile liquid, which boils at 140°, smells like an allyl compound, and 
slightly attacks the^yes and mucous membranes. 

This ether easily exchanges ^ts chlorine for hydroxyl. When boiled with barium 
hydrate, it dissolves gy#doally and is converted into the barium salt of acrolactie acid, 
together with paiium chloride and alcohol (p. 41). Boiled with alcoholie ’ 
ammonia, it yields sdLammoniac, together with slender needles of an alaninSt 
CH(NH*)=:OH — CO*H, differing from on Ji nary alanine, CH* — CH(NBP)^CO*H, not , 
only by containing 2 at. hydrogen loss, but also by ifa structure, which is analogous 
to that of ethenel^amic acid, CH*^NH*) — OH* — CO*H. 

Ghloractylie ether is also formed m the reduction of trichlorolactic ether by xtne- 
dust and water, but a considerable portion of it is saponified by the simultanwrasly 
formed zinc«^hydrate, and probably converted into sine acrolactate. Moroovar, toe 
redaction partly goes a^ mr as the formation of acrylic ether (Pinner, JEbtif. Okim* 
QtSu Ber. vU. 260). ^ 

Cbloracirylic ethersiis partially decomposed by distillation with steam, on amdraoltl- 


f; 
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tioa being formed containing chloraorylie add^ C*H*C10*. This acid il a syrup, which 
can^t be distilled ; its salts are very soluble, and readily Hecomposo otf heating 
their aqueous solutions, forming metallic chlorides. On boiliDg the ether with baryta- 
water (an inverted condenser toing attached), for a long time, a difficultly soluble 
barium salt is formed, together with small quantities of a more soluble one ^rokibly 
ehloracrylate or acrolactate) : by means of sulphuric acid and ether the acm of the 
difficultly soluble salt can be extracted ; it crystallises in flat prisms, melting at aBout 
138^1 and consists of malonic acid, 0*H*O*, probably formed from the chloracrylic 
acid by the following series of reactions : — * 


OHOl 

iin +■ 

io.oH 

Cliloraorylic rici<l. 

CH.OII 

Hh 

io.OH 


CH.OH 

H.OH 

(ijO.OH 
AcroUctic acid. 

CH(OH)* 


+ HOI 


COH 


+ H.OIl 


in* = H.OH + OH* 

<!!0.0H (IjO.OHj. 

Malonlo aldehyde. 


nydmte of malonio aldehyde. 

The malonic aldehyde, or homologue of glyoxylic acid thus formed, immediately oxi 
dises to malonic acid. 

Chloracrylic ether, heated in a sealed tube with water, gives no malonic acid, gas 
only being formed, and scarcely any residue being left on evaporation of the resnlting 
solution (Pinner|^ DeuL Chem, Gea. Bar. viii. 963). 

C*H»O.OH 

a»laoi 7 lio Acid, = C*H«0*(OH)* = || (Wislicenua, iAcftiij’s 

6h*o.oh 

AnnaUnt clxxiv. 285). This polmerido of acrylic acid is obtained as a sodium salt 
by the action of heat on sodium hydraerylate (2i»d Bu^L 71p. Wislicenus at flrst 
supposed the salt thus produced *to have the same composition as sodium acrylate, 
and named it ^ratrrylate i but subsequent experiments have led*nim to regard it as 
a mixture of acrylate and diaorylate of suiium, fdrmed as represented by the * 
equation : 

(a + 26)0»HHOH)O.ONa - (a + 25)HK) + a(C»H»O.ONa) + &[C*H«0*.(0Na)>] 

Hydraerylate. Acrylate. Dla^late. 


On treating this mixture with water, it becomes very hot, and the diacrylate of 
sodium is converted, with assumption of water, into the sodium salt of pa radi pi- 
malic acid, isoraerio with dihydracrylic acid (2nd Buppl. 721'): 

C'H'OXONa)* + H*0 « C*H»(0H)0^(0Na)*. 

In consequence of this tendency of the diaciylates to take up water and pass into 
paradipimalates, the only way of obtaining the former in the pure state is to heat 
them till a constant weight is obtained. A paradipimalate dried at 110° does not 
lose any further weigl^ at 150°-ld0°, but at 2o0°-2fl0° it gives off water and is con- 
verted into diacrylate. Sodium diacr^late^ C*H*Kfa’OS forms an amorphous delique- 
scent mass which becomes perceptibly warm when breathed upon, and takes up exactly 
as much water (not given off at 110°) ^ is sufficient to convert it into paradipimalate. 
The barium aalt^ C*U*BaO^ was prepared from the paradipimalate ; the calcium aalt^ 
C*ll*CaO\ directly from the hydraerylate, by heating the la^er to 220°, dissolving 
out the acrylate formed at the same time with water, and again heating the residue 
to 220°. \ 

The solution obtained by treating the so-called paracrylate of sodium with water 
contains, Uierefore, nothing but actuate and paradiphualatc. On mixing it with an 
equal volume of absolute alcohol, the paradipimalate is thrown down as a viscid ^rup 
wiiile the acrylate remains dissolved. The syrupy precipitate t^er repeated sAution 
in water and precipitation by alcohol hardens under absolute alcohol to such a degree 
as to admit of pulverisation. , The sodium paradipimeUate, G*H*Na’^0* + pre- 
pared in this manner as by desiccation in a vacuum over sulphuric acid, dissolves in 
an extremely small quantity of water and is ver^ deliquescent. At 1)0° it gives off 
its water vnlhout losing its solubility or its tendency to deliquesce. The hydrated 
salt is isomeric with sodium hydraerylate, (>H*KaK)* <»- =» 2C*HVaO*; and 
the anhydrous salt is isomeric with sodium dihydracrylate \2nd Suppl. 721), from 
wlii<^ however, it differs considerably in all its properties, the dihydrac^late being 
eryslallivA non-deliqueseent, not capable of taking up water of cijstalliaitioa, and 
dissolving somewhat freely in hot strong a!o6hol. Moreover, the paradipimalate i*t 
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pMeipitated by iNurium and calcium salts, wbemui tbe dUiydracirylato is not, snd 
lastly, freefiihydracTyUtfaoid beated with hydriodic add is eonyertod into ^>lodoJNro- 
donio add, whereas paradipimaho acid is oonyerted by the same treatment into para- 
dipic acid. 

Bariwm, Parad^nuilafe, C*H*BaO*, forms a precipitate, gnmmy at first, afterwards 
hardening, ii^lable in water. The cuprto sa/t, C*H*CuO* + H*0, forms blue green, 


compfiet, easily pulveriBable lumps, and gires off its water at 110®. The lead salt is 
thrown down by lead acetate, as a flocculent precipitate, which dissolves only in a 
large excess of the precipitant does iftt melt in boiling water, and cannot be reoiys- 
• talli^ from the lead acetate solution, whereby it is essentiidly distinguished mm 
th^someric lead salt of adipimslie acid (2fid 29) ; when dried in a vacuum it 

has the compodtion C*H*FbO*. 

^ f^ree pandipimalio acid, probably prej^red by decomj^ing the lead or 

^copper salt with hydro^n sdphide and concentrating the filtrate, is a gummy mass 
whi^ deliquesces in moist air. 

Paradipimalic acid is also formed, as already stated (2fMf /Suppf. 721), as a bye- 
product in the preparation of hydracxylic acid by the action of moist silver oxide on 
fi-iodopropionic acid. The presence of vrater in this reaction likewise gives rise to 
the pi^uction of dihydracrylic acid from nascent acrylic acid groups, so that in di- 
hydracryliW acid these s^ups must be supposed to be linked together by oxygen, 
whereas in di^Arylic acid and paradipimalic acid (as shown by its decomposition by 
hydrioc(ic acid) the acrjl^ groups are joined together by carbon, thus : 

.C*H*O.OH C»H»O.OH C»H*O.OH 

Dlhydrscrylia Diacrylic. Parsdlpuuslio, 

Paradipic acid, C*H**0\ is formed by heating the syrupy solution of panulipi- 
malic acid to 170®, in a scaled tube with hydriodic acid saturated at 10®. Its eiuc 
salt, dried in the exsiccator, lias the composition C*H*ZnO*+ 3H*0, and becomes 
anhydrous at 1 10®. 

Paradipic acid, isomeric with adipic acid, is perhaps identiail with the acid wdiich 
is obtained, together with the latter, by the action ofwjilver oxide on fidodopropiouic 
acid. The reduction of parotfi pi malic to pai^ipie acid is exactly analogous to that 
qf malic to succinic acid, and diacrylic acid is relsteil to paradipimalic and paradipip 
acids in the same manner as fumaric anS maleic acids are related to malic and suc- 
cinic acids : 

C*H*0*(0H)« C*H»(0H)0*(0H)» C*H*0»(0H)* 

Fumaric. Malic. Suocinlo. 

C«H«0*(0H)* C-H»(0H)0*(0H)* C-H-O^OH)* 

DiacryUc. Paradipimalic. Paradipic. 

ACXY&IO CO&& 0 I 08 . These are insoluble gelatinous substances formed as 
secondary products during the preparation and transformation of the bromacrylic 
acids. 

1, In the preparation of /S-bromaci^lxc acid, especially in one operation with con- 
siderable quantities of material, a violent reaction set in, and a yellow gelatinous 
substance was formed. This acryl oolloiA leaves on drying only small residue, re- 
sembling gelatin ; it is insoluble in al«ohol, ether, and water, with which it forms a 
bulky gelatinous mass from which mineral 'acids precipitate white flakes. Potash 
colours it yellowish ; bromine and iodine do not act upon it ; ammonia dissolves it 
almost completely, and this solution is not precipitated by hydrochloric acid. — 2. A 
similar body is formed bWkeeping fi-Womacrylic acid over sulpfiuric acid ; it forms a 
porous mass, which differs from the first compound by being precipitated by hydro- 
chloric acid from an f^iimoniscal solution. — 3. A third colloid was obtained by acting 
w'ith ethyl bromide on the potassium salt of the 3-a^d. It is insoluble in ammonia, 
and forms with it a yellow lolly. •These three hollies have the empirical formula, 
and seem to be rmatod to vegetable mucilage (Wagner a. Tollens, JAelri^s 
Annalen,^BXxxi. 355). 

JtCXTlbXO YZVACOm. C*H**0*. This compound is formed by the action 
nascent hydrogen (from sine and sulphuric acid) on acrolein (l«f Suppl, 66) : — 
20»H-0 +.H* - 

and its constitution may perhaps be represented by the formula: 

• OH*=CH— CH(OH) 

• ! 

CH*=:C&— CH(OH) ^ 

which is that%>f a diato-^ic secondary glycol (L. Ilenry, J, pr, Ciem» [2], is. 477)» 


I preparation of /S-bromaci^lxc acid, especially in one operation with ooti- 
intities of material, a violent reaction set in, and a yellow gelatinous 
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ASZVOOSBJk According to Ebert (2>au^. CAem, Ges. Ber, Till. 775), this sub- 
stance oonsisU xnamly of a mixture of fattj acids, not in the ffirm of gljceiidei. On 
treating it vith potash, about 1 per cent, of ammonia was giyen off, and an insoluble 
residue (about 6 per cent.) was left, consistiDg of tissues, etc., and a mixture of potas- 
sium salts was obtained, which, hy fractional precipitation with magneainm acetate, 
etc., yielded chiefly palmitic acid, C*‘H“0*, with a much smaller quantity of 
mar gar ic acid, 0*’B[**0*, hitherto known only as a synthetical p^uct (iii. tsy. 
The margaric acid from adipocere melts at 59° ; Heintz’s synthetic margaric amd 
melts at 69?9°. • 

The last fraction, precipitable by lead acetate, but no longer by magnesium acState. 
yielded oxymargaric acid, crystallising in colourless shining lami^, 

melting at 80°, soluble in alcohol and ether, insoluble in water, forming a white 
amorphous silver salt not affected by lighlS but decomposing at 100°, and a magne- 
sium salt easily soluble in alcohol, and crystallising therefrom in hard granules. 
Oluic acid was not detected. ^ 

▲mirZTT. On the relations between Affinity and Dissected or Structural 
Formulas, see Wright (P4i/. Ma^. [4], xlviii. 401 ; Ohem. 8oo. J* [2], xiii. 228). 

AOAHXC. See Fviroi. w 

AOAZGOXiXTB. This name is given to an arsenite of bismuth, hitherto called 
Suytpl. 120), occurring, together with eulytin, at Schnoeberg in Suony, 
in concentrically flbrous spherules made up of monoclinic crystals. When h^ted it 
gives off a little water and a considerable quantity of arsenious oxide, which sublimes 
in octohedrons. The residue dissolves easily in hydrochloric acid, leaving a small 
quantity of quartz. The mineral gave by analysis 57*15 per cent, bismuth oxide, 
12’50 ferric phosphate, and (by difference) 30*35 arsenious oxide (Freuzel, Jahrbuch f, 
Mineralogiit 1873, 786). 

AZR-BATB. An air-bath of constant temperature between 100° and 200° is 
described by H, Sprengol {Chem, 8oc. J, [2], xi. 458) • an improved air-bath for 
heating sealed tubes by J. Habormann {Liebig's Annalen^ clxxii. 9 ; Chem. Soc. J. 
L2], xii. 1056), 

AXB«BATTBBY« Gladstone a. Tribe's. See Ei.bctkicit'/ (2n(l Suppl. 448). 

■ — . -i, 

AZB BUMP, On Water Air-pumps for Filtration, see Mendelejeff, Kirpit- 
schoff a. Schmidt (Ann. Ch. Pkarm. clxv. 63 ; Jagr. ibid, clxvi. 208); Thorpe (P5t/. 
Mag. [4], xliv. 249) ; F. A. Wolff (Dingl. wd. J. ccv. 305). 

On the amount of exhaustion obtainable by Sprengol’s Mercurial Air-pnmp, see 
Donkin (Chem. News. xxtx. 125 ; Chem. Soc. J. [2], xii. 537). 

AXiAGBBATXBB, A baso isomeric wifld creatine, produced by 

<liroct combination of alanine with cyanamide {^nd Su'ppl. 393). 

AXtAOBBATZirarSp 0^H^N*O, formed by dehydration of alacreatine by the 
action of heat or acids, crystallises from water in long prisms containing 1 mol. H^O, 
which it loses in dry air or when heated to 100°. With zinc chloride it forms a 
soluble crystallisabl^ compound.^'having the* composition (0*H’N*0)*.ZnCl*. When 
boiled with baryta-water it splits up into ureh and alanine. It ranees mescurio 
oxide, forming guanidine (Baumann, Deut. Chem. Ges. JSer, vi. 1371). 

ABAB-GXXAJr, The commeilial name of the essentitil oil of Unona odoraii^ 
sima. See Ukona. „ « 

AUkirZBB, G’H^NO’*. In the preparation of this substance by StreckeFs 
method (i. 63), potassium cyanide may be used instead of prus&lc acid. When this 
is the case, the mother-liquor remaining after the t^anine has crystallised out con- 
tains several substiinces, amongst which is lactyl-urea (2nd Sk'ppl, 723). 

ABBXTB. A moonstone variety of albite from Delawa^ Co., Pennsylvania, is 
described by A. 2t Lee<ls (Sill. Ann, J. [3], vi. 22). Its analysis gave ; 

SiO“ A1*0* CaO MgO NaH) K*0 

^ 67’70 19*98 trace 1*47 011 886 1*36 008 = 99*56. 

On albite crystals in volcanic rocks, see O. vom Rath (Jahrb, f. MtnrmlogU, 
1874, 423). 

On the rdations of albite to other triclinic felspars, Suppi. p. 510. 

ABBVmW* See PnoTKins. 

itlMIOBOlta See Etbti. Axxxihol. ^ * * 
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JL3Ci<|jftSo£ATa9. On the action of these bodies on Amides* see Amnsa. 

A&OOHOUMAZOUW. DiagnotU of Primary, Sedondary, amd TVrtjefy 
Alcohol^radiolea htf rptans of Colour roacHotu , — These different oiuers of alcohol* 
r^cles may be distin^ish^ from one another by their different behaviour with 
nitrolic aci& and pseudonitrols. If it is required, for instance* to decide vheUier an 
iod^e cf the ^ swies contains a primary, secondary, or tertiary alcohol- 

radicle, it is distilled with silver nitrite, ana the distillate is treated W’ith potash and 
nitrous acid. If a rod colour ic produced (formation of a nitrolic acid) tl|i substance 
certainly contains a primary o^mpound ; if the colour is blue, it just as certainly 
contains a secondary compound; altsence of colour imlioates a tertiary compound, 
(IKeyer a. Locher, Deut, Cktm. Ges, Bor. vii. 1510). 

On the compounds of Thallium with Aicohol-radicles, see Thallium. 

' AJbOOKO&8. Fitrmation, — Several alcohols of the fatty series are formed in the 
mAiufactaro of starch. Vauquelin showed that common alcohol is formed in the 
preparation of starch from wheat. Bouchartlat, by distilling 120 litres of the sour 
water from sb’irch- works, obtained 490 grams of a mixture of the alcohols and acetates 
of ethyl, propyl, and butyl. The presence of these alcohols utis proved by oxiilatiou, 
by wUeb, as no acetone was formed, it was also shown that no pseudo-propyl alouhol 
was preset. The quxintity of propyl alcohol was a little more than one- third of Uio 
whole. Neither the mixture nor unv of the different fractions obtained by distillation 
were optically active {Covipt. rend. Ixxviii. 1145). 

The action of zinc on a mixture of ethyl iodido and ethyl formate gives rise to an 
amyl alcohol, which is probably diethyl cerbinol. This mode of synthesis may per- 
haps be generalised HVagner a. SayUeff, Deut. Chem. Gm. Ber. vi. 1542). 

Tertiary alconols may bo formed, according to Friedol a. Silvn^(Cemp^ rend. 
Ixxvi. 226), by the action of nascent hydrogen on compounds analogous m constitution 
to pinacolin. By adding sodium to pinacolin floating on water, a hexyl alcohol is 
obtained, having the constitution of di methyl- isoprop^ carbinol ; 

(CH»)»COH (CH*)^Cv (CH»)*OOH 

I I >0 1 

(CU«)*COH (CH*)»<X • (Cn*)‘CH 

Pinocone. • Pinacolin. DimcUiyl-tsopropyl oorblnol. 

• Aotlos of Salplmryl Olhlortdo . on Alooliola (P. Belirend, Deut, Chord, 
Ges. Ber, ix. 1334-1338). When I. mol. ethyl alcohol is added, drop by drop, to 
1 mol. woll-coolod sulphuryl chloride, a brisk reaction sets in, and otbylsulpourio 
chloride is formed: — 

c^ip.on + so»ci» .= + cm. 

It is a colourless oily li.^uid, having a very pungent smell. If, on the other hand, 
sulphuryl chloride bo added by drops to alcohob neutral ethyl sulphate, SO*(OC*H*)*, 
is formed os well as cthylsulphuric chloridu, and ethyl chloride is given off, resullii^ 
from the action of hydrochloric acid formotl in the reaction, on the excess of alcohol. 

By acting on t!io cthylhulphuric clilorido with methyl alcohol, the mixed ether, 
S0*(CI1*)(C*H‘‘), is obtained, as a yollouish neutral liquid, which water resolves into 
methyl alcohol and clhylsulphuric acid^ • 

Sulphuryl chloride acts "ery violently on methyl alcohol', the chloride, 
SO*(OCII*)Cl, thus formed, resembles the ethyl 4u>myM>und, but is more easily de- 
composed by water. On acting up<>n it with t4^iyl alcohol, a mixed sulphate is 
obtamod, identical with*that duecriyod above, and yielding with water, ethylsul- 
phuric acid and methyl al^hol. • 

ButyUvfphuric acid chtorido, 80^(00 •J1*)C1, formed in like manner, is, when freshly 
prepared, a colourlew^ liquid, soon becoming brown and viscous. The txjmpQund 
obtained by the action of snlphurjjJ chloride on benzyl alcohol is very unstable. 

Saoiprocal AotloA of Oxalic Acid and tlic MEoaatomle Alcoliola . 

(Cahours.^and Domartja^ Compt, raid. Ixxxiii. 688). The reciprocal action of dry 
oxalic acid and the primary alcohols of the series OII*“+®0, gives rise to oxalic 
and formic ethers. This occurs also with the primary* alcohols of the allylic series 
OH^O, since ally] alcohol, by similar treatment, yields a mixture of oxaLo- and 
formio-allylic ethers. • 

Benzyl alcohol is likewise completely etherifled, yielding an oxalate which i|i 
solid and crys^lisable ; it boils at a very high tomperaturo, and is changed by am- 
monia into oxamlde, whil^ benzyl alcohol is rogenerated. 

Wlien oxalic acid actfe upon a mixture of propyl and pseudopropyl alcohols, 
propyl oxal^ is alm^t exclusively formed, and if this is saponifled, a mixtui^of 
the alcohols rich in normal propyl alcoboWis obtained, which, when again etherifled 
3rd E 
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by oxalic acid, yields nearly pure propyl oxalate. This reaction affordh a method of 
separating the two alcohols. • 

Oththe Action of Oxalic Add on Poly atomic AtoohoUf see Oxalixs. 

Comyounda of Alcohols with Aromaiio Hydrocarbons, — Alcohols mixed with hydro- 
carbons and treated with sulphuric acid yield condensation-products. AUyl alcohol 
and benzene yield uncrystallisable hydrocarbons boiling at a high temperature, ^d 
'the same alcohol, with mesitylene, yields an oily hydrocarbon which distils at about 
the same temperature as mercury, and a small c[i^ntity of a solid hydrocarbon which 
crystallises from acetone. Ethyl alcohol and methyl alcohol yield with benzene small 
quantities of hydrocarbons (liaeyer, Psut, ChcTn, Ges, Per . vi. 220). 

A&OaamB, CII*.COH. Reactions. — 1. A mixture of aldehyde rapour an15 
hydrogen heated in a glass tube over meronry to a temperature a little below dull 
redness gave, besides unaltered aldehyde, a mixture of carbon monoxide and marsh 
gas, whilst about one-sixth of the aldehyde had disappeared, probably in the form «f 
condensation-products (Eorthelot, Corny t, rend, Ixxix. 1100). 

2. Aldehyde and zino^eihyl act on one another, even at ordinary temperatures, and 

more quickly at a gentle heat, forming a crystalline organo-zinc compound ; and on 
decomposing this with water, and heating the resulting oily liquid with moist silver 
oxide, mothyl-ethyl-carbinol, CH* — CHOH — C-H*, is obtained, distilling bey^een 96® 
and 99® (E. Wagner, Bull. ^c. Chhti. |2], xxv. 396). • 

3 . Wlien 1 part ofparaldehydeis added drop by drop to 1 00 parts of well-pooled 
sulphuric add^ and the solution is shaken with a quantity oi benzene rather ^eator 
than that which is required by the following equation, diphenylethaue, C**H**, is pro- 
duced : 

CH».COK + 2C«ll« - IPO -I- Cll*.CH(C«H»)*. 

The same liydrocarbon appears to be formed by mixing benzene and sulphuric 
acid with concentrated lactic acid, which is partially converted by the sulphuric acid 
into aldehyde, C’'U®0* = CO“ + + C®H*0 (Baoyor, Dcut, Chem, Ges, Ber, vh. 

1190). 

In like manner a mixture of benzene and chloral or bromal treated with sulphuric 
acid yields diphenyl trichlerethano, CCl*.CH(C*H*)*, or diphenyltribrom- 
0 thane, GBr^.CH(OIP)‘ ; and a mixture of piiraldohydo, toluiue, and sulphuric acid 
yields ditolyl-ethane, CJl* — CH(C*H*.Cq®)=*. ^ ^ 

4. Action of Chlorine on Aldehyde. — Kramer a. Finnor, by passing chlorine into 
aldehyde, cooled at first but heated to 100° towards the end of the reaction, obtained 
a body which they regarded as trichlorocro toni c aldehyde or crotonic 
chloral, C'II*CI*0, the chlorine being supposed first to take hydrogen from the 
aldehyde to form hydrochloric acid, which then exerted on the aldehyde a condensing 
and dehydrating action, resulting in the formation of crotonic aldehyde, which latter 
was converted by the excess of chlorine into crotonic chloral {f.nd Suppl, 35). 

This reaction has boon further studied by Pinner {Liebifs A?i7ialen, clxxix. 21 ; 
Beut. Chem, Ges. Ber, vii. 1321, 1661), who finds that when chlorine is passed into 
ordinary aldehyde cooled to — 10® by a mixture of ice and salt, the first effect is to 
polymoriso the aldehyde, converting it into metaldehyde and paraldehyde, which are then 
fiirther tveted on by the ehloriu&>so os to foii.i substitution-products, as above. Now 
paraldehyde being less volatile than ordiniuy iddobyde and less violently acted on by 
chemical reagents, is bettor mlapted than ordinary aldehyde for the preparation of 
substitution -product 8, as it does n^t require to Xtg cooled by a freezing mixture ; in 
fact, when chlorine dried by bubbling through oil of vitriol js passed, slowly at first, 
into pamldehyde kopf. cool by immersing the containing vc&jel in cold water, the gas 
is completely absorbed, and the aldehyde is converted ixto a substitution-product, 
which, however, is not crotonic chloral, as formerly supposed, b^;t, according to Pinner’s 
latest experiments, butyric chloral, C*H*CI*0. 

With aqueous Mckyde, the chief product is ordinary chloral, the condensation 
' of the aldehyde to butyric aldehyde taking place only in*prosenc6 of concentrated 
hydrochloric acid. The same result is obtained when pq»inded marble ig added to 
neutralise the hydrochloric acid as fast as it is formed {2ndfckippl, 35). 

When largo quantities o.f aldehyde are subjected at once to the action of chlorine, 
|he first portions of butyric chloral which pass over on distillation have a very pungent 
. ^our, arising from the presence of less higlily chlorinated products of butyric aldehyde, 
^ and towards the end of the distillation the oily distillate no longer crystallises. The 
pungent-smelling oil just mentioned is produced in especial abundance when aldehyde 
containing alcohol is used, and it then contains products r^ulting fruih the chlorini^ 
tion of the alcohol. When dehydrated by calcium chloride and distilled, this oil 
passes over between 40® and 190®, and repeated fractional distillat^ it may be 
separated into the following portions; — 4 . ^ 



Unaltered aldelwda. 

So — 60^. Etbidene chloiia^ 

72—74^. Ethyl acetate, arising from oxidation of the alcohol, and conati- « 
luting about a fourth of the entire oil. 

9d — 100®. Chloral, mixed with dichlo^dehyde. 

100 — 140®. Products of no fixed boilin# point. 

• 140 — 160®. Monochlorobutyric aldehyde, C^li^ClO, mixed with more highly 

chlorinated procVicts. 

, 165 — 166®. Chiefly butyric chloral. 

The portion boiling at higher temperatures than butyric chloral was several times 
TUstilled with steam, the last portious uuly being each time collected. The liquid thus 
obtained gave by analysis numbers agreeing approximately with the formula C'JPCIH), 
By decompcMiing the fracdon boiling l>etwoen ICO^^ and 190® with sodium hydrate, 
4icbloropropylene, (^11^01% boiling at 78*6®, was obtained, together with 
di chloracotal, C“H**CTO*, boiling at 183®-184®. 

The heavy non-solidifying oil which ptisscs over, ns al>ove mentioned, in the 
distillation of crude butyric chloral, has lieen obtained in small quiuit ity only ; it 
boils between 216® and 220®, has a slightly pungent odour, is insoluble in water, is 
decdhim^scd by caustic soda, and gives by nnalysis uuniliers agreeing approximately 
with the fqrniula C*1PCI*0. (Chlorine by exix«riiuont 40*3 per cent.; by calculuLion, 
62*33 ; hcncti the product appears to have t>oen oontnminatod with a loss highly 
chioi^nntod compound.'/ On decomposing it with soda-ley and distilling, nn oil i^sst^ 
over, boiling at 146®-! 4 8®, and ha^'ing the composition C*11*C1“. The formation of 
this latter compounil may be represent^ by the equation : 

C-H»C1*0 + 2NaHO - C»H«C1* + NnCl + OHNaO’ H*0, 
and is analogous to that of dichloropropyleno from butyric chloral : 

€*11*C1*0 + 2NanO = C»U*C1* + NuCl + CUNaO-* + 11*0. 


The chloride, C*H*C1*, possesses the swootish odour of organic chlorides in general, 
and readily takes up a molecule of bromine, forming the compound C*li*CI*Br*, which 
lH>il8 between 230® and 240®. The formula of the (;pmi»ouiid 0*li*C3l*0 and ita deriv- 
atives must not, howc'*er, be rcgirded as definitely established. 

Comj^Kfid of Aldcht/de wi:A Acetyl Chloride^ 0*11*0.0*11*001. — This compound 
^was discovertsi by Wurfz, wlio obtained it, togotlier with other products, by the action 
of chlorine on aldehyde*, nnd Maxwell Simpson afterwards ]>reparcd it by direct 
addition of acetyl chloritb- to aldehyde (i. 108). Wurt r. {/jcUachr, f. Vhrm. 1871, 302) 
suggests that its coinposiiion might bo represented by one of tlie two formula*: 

t;M» on* oil* cu» 




!^.>=2Ni„ 


while Erlenmeycr {Lehrh. d, Ory, CAmie) sti^csis for it the formula CH* — 0^-01 ; 

and Schiff Chem. Get. Bcr. ix., 364) has laU*ly domonstralPd the c^irroctness of 

the Iatu*r formula by tretiting the coinp<jund dis.HoIvcd in absoli^ alcohol with an 
equivalent quantity of potassium acetate, whereby the chlorine is prt*cipitHted in the 
form of potassium chlorido,^*And replaced by «•» atom of oxjicetyl, (J*U*0*; and on 
subjecting the liquid pfo<luct to fractional distillation, a liquid is obtained boiling at 
163®-1€8®, and agreeiiiir in composition and projM rfies with •the ethylidono diacctato 
which Gouther obtainet^y t he combination of aldehyde with acetic anhydride (i. 108), 
Now this last com()#Und, when boated with a solution of caustic alkali, is resolved 


into 2 mols. acet^itc and I mol. tidehydo, and must therefore have the constitution 
represented by the forr^ula CIJ*— CH(0C*H*0)*, thus: — ' 

CH* CH* 

^ H*0 + 

Hence also it follows that the compound of aldehyde with acetyl chloride must hare 
the constitution suggested by Erlenmeycr. ^ ' t 

AIdeliwde-aiiunonla« C*H*O.NH*. The constitution of this compound might 
be represenrod by eithei^of the formula: 


yOU 
JEI*C— <^NH* 

^ \h 


h*c-c^h- 
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Vo decide between them, R. SchifP CAem* Ges, Ber* ^ 165) Aas examined 

ther reactlon of the analogous compound, chloral-ammonia, G^HCl*O.NH*, witlr acetyl 
chloride and acetic anhydride. When either of these substances is poured upon 
chloral-ammonia, the mixture becomes Imt^ and clear solution is formed which, on 
coolhia or on addition of water, solidiftetj^to a white crystalline mass. This product 
erystaTlises from water in fine rhombic ^bles which melt at 156^ and dissolve in 
alcohol but not in ether. Its composition agrees with that of monoacetyl-chl oral- 
ammonia, C*H*(C*I1*0)C1*0N. Heated with acC^l chloride in sealed tubes to 120*^ 
it yields a clear solution, which on cooling deposits a white crystalline mass, soli^le 
iu ether and in glacial acetic acid, and crystallisiug from the latter in large transparent 
prisms melting at 117°-118°. i 

This last compound is diacotyl-chlor^l-ammonia, C*H*(C*H*0)®01*0!N. It 
is instantly decomposed by hot water into acetic acid, which dissolves, and mono- 
chloracotyl-chloral-ammonia, which is deposited. Hence It appears that the two 
acetyl -groups in this body have difieront functions, the second having evidently takeb 
the place of hydrogen in a hydroxyl-group, the presence of which in chloral-ammonia 
is tberohy demonstrated. The constitution of the dichloracetyl-compound must there- 
fore be represented by the formula : 

O— C«H*0 


CPC— I 




l*H*0 


and consequently the structure of chloral-ammonia and its analogue aldehyde-ammonia 
by the following formula: ; 


yOK 
OPO— O^NH* 

\h 

Chloral-aminonia. 


>OH 

n»C— C^NH* 
\h 

Aldehyde- ammonia. 


Action of Btvdrocyanio Acid on Aldehyde-ammonia , — The product obtained by 
treating aldehyae-ammonia witU nascent hydrocyanic acid (potassium cyanide and 
hyjirocmoric acid) is not a compound analogous to the ,ditlcetoue-«yanbydrin formed in 
like manner from acetone (2nd, Suppl, 16), but a body having the composition 

2C?H»ON + 2KON + 3HC1 = C*U«N» + 2KCI + NH*Ca + 2ll»0. 


It crystallises in white needles melting at 67‘’“68°. On addition of silver nitrate to 
the aqueous solution, silver ‘cyanide separates, and at the same time the odour of 
aldehyde becomes perceptible : — 

+ 2AgNO» + 2H*0 « 2C*H«0 + 2AgCN H' NH«N0* + HNO», 

On heating it with acids, aldehyde and hydrocyanic acid are separated ; if the heating 
Uikos place in sealed tubes, alanine is also obtained : — 

CH'N* + 2HCI + 3H«0 = 

(Ufoch, Dent, Chem, Gee, Ber, yi. 1113). ** 

On the reaction of Aldehyde-ammonia with Thiocyanio EthorCy see Thioctakic 
Eturrs. 

Aldebyda Sulptiltes (H. Bunto, lAehiq'e Annalen, clxx. 305). These com- 
pounds are readily formed by dissolving aldehyde in a ^ncentrated solution of 
an arid sulphite; the solution becomes hot, and remains^ clear after cooling, but 
deposits crystals when evaporated over sulphuric acid. ^Tho potassium salty 

CPHl’^O^K = CH* — indistSuct cryst^s, conwsting of tufts of 

miocoseopic needles. The dry salt, as well as its solution, is decomposed when 
heated to 100^. f « 

The sodiufn salt, C?®H*SO^Na + H*0, h^ similar properties ; it is very solnble in 
water, and crystallises by slow evaporation over sulphuric arid in nacreous plates ; 
alcohol precipitates it in needles having a satiny lustre. 

By mixing acid ammonium sulphite with ^aldehyde small needles are obtmned, 
oonristin^ not of the arid ammonium salt, C'fi*SO\NH*), but of an amide, 

differing thereftom by 1 mc^ HK>. RedteBbacher(.<fiiii. Ch, Pharm, 

Ixv. 37)> by passing sulphur dioxide into an alcoholic solution of aldehyde-ammonia, 
obtaimri an isomeric compound, which also forms small needles, disKlves in less 
than 1‘5 parts of water, and when heatedHo 100<> for forty-eight hours loses 78 per 
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cent., Ifaving a biowtf reBin, — ^whereas ita iaomeride reqmres a little more than 6 J^Arta 
of water fof solution, and when heated to 100^ loses only a few miiligrams, tnd 
acquires a Tory faint ^Uow colour. Petersen cii. 317) obtained a similar 

body by the action of sulphur dioxide on de^uescoi aldehyde-ammonia ; it is stable 
at 100^, less soluble than Bedtenbachor's eopi^j^und, and probably identical with thah 
described by Bunto. Two other bodies hamg the same composition are known, 'ris., 
taurine, and the which Ejnd obtained by heating the silver salt of ^lor- 

ethylsulphonic acid with strong aqueous ammonia (J. pr. Chem, [21, ii, 22S}. ' 

'’ The^rtum cannot be prepared by direct combination, because there is no 
^^d sulphate of barium ; neither can it be obtained by adding a barium salt to a solu- 
tion of one of the above compounds, because it is very soluble. To prepare it, alde- 
hyde is added to an aqueous solution sof sulphurous acid, which ojssolves it with 
evolution of heat. By neutralising with baryta and adding alcohol, indistinct silky 
•calos are precipitate, consisting of (C^U*SO*)^Ba. The sanm salt is formed by 
suspending barium carbonate in water, passing sulphur dioxide into it, and adding 
aldehyde from time to time. Its aqueous solution is decomposed at 100^, or by the 
action of baryta-water or sodium carbonate, but not by carbon dioxide or sulphur 
dioj^ide. On exposure to the air, it becomes turbid, from furmation of barium sul- 

phaChK 

Brom^det&ydeii. The action of bromine on aldehyde has been examined by 
A. Pinner {Deut. Ch^m^ Ges^ litr, vii. 141)0; Livbig's Annalm^ eixxix. 67), with 
results identical in great part with those of former observers (i. 066 ; 2fid Supjpl* 
36). 

Aldehyde in its ordinary state is attacked by bromine with extraordinary violence ; 
but with paraldeliydo, if diluted, especially with acetic ether, th# action goes on 
quietly. The product varies with the proportion of bromine used, but is in every 
case a substitutioii-prtduct of acetic, not of butyric aldehyde. Hitherto only 
dibromaldehyde and tribromaldehydo have boon obtained in the pure state, the mono- 
brominatod derivative being apparently destroyed for the most part by the bydro- 
bromio acid formed in the course of tlie reaction. 

• 

Dibromaldehyde^ OHBrJCHO, is the chief product obtained when 2 mols. of 
1>romino act on 1 mol. of aldiV.yde. In the pure state it is a colourless liquid, boiling 
' at 140^-142*^, with a smell rcHciiibling' that of bn^mal. When hojitod strongly with 
w'atcr, it dissolves and forms a hydnito, + H*(), wliich crystallises in 

needles. If left for a long time in contact with excess of water, this compound is 
converted into paradibromaldehydo, SCTlHJr-O. Pure dibntmaldehyde afbor 
some time also undergoes this change. Dibromaldehyde combines easily with 
hydrocyanic acid to form on addition-product, C^HTJr^O.UCN, which con- 
sists of a thick syrupy oil, gradually passing into dibromolacti c acid, 
when boiled w'ith moderately strong hydrochloric acid. Dibromaldehyde oxorts a 
very powerful caustic actiou on the skin* 

Trihromaldehyde or Bromal, CBr*.CHO, is obuinod by the action of 3 mols. of 
bromine on 1 of aldehyde When mixed with water it solidifies in thin rhomlno 
plates, w'here as dibromaldehyde forms'* long nocxllAf. Bromaleeombiniis easily with 
hydrocyanic acid to form bromjfl hydrocyanide, C'‘'H.Br*O.IICN, which re- 
mains liquid for a long time after the removal of the water and* excess of acid, but 
solidifies at once on a^hiition of strong hydrocl^pric acid, in which it is oply slightly 


lactic acid, C”&Vr*0*, in the form of a slightly colourod thick liquid having a 
sweet taste. 

2>lcliloraldeliydbt The dichloraldohyde formed by treating dlchlor- 

acctal yrith about five times its weight of cold sulphuric acid, thickens in a short time 
to a semi-fiuid mass, amtaining, b<Midos ordinary dichloraldehyde, a small quantity of 
the amorphous polymeric modification described by Patem6 (lei SuppL 76), togethw 
with a second polymeride. This modifilcation, called’ paradichlor aldehyde, is 
etutily obtained pore by washinj^ out the thickened mass with water, and then nitik 
dilute alcohol, dissolving in a bttlo not alcohol, and recrystallising. It may also ba 
produced by leaving ordinary dichloraldehyde in contact with sulphuric acid ; bn^ if a 
smaU quaUtity of hydrochloric acid tf. present, no trace of pared ichloraldehydfi is 
obtained * 

Paradichloraldehyde civstallises from alcohol in large, often very perfect and 
regular h&agonal pframids, having gT- of 1'69. The angles of the lateral 

edges » 78^ 40'. Ti^ ctystala are easily soluble in hot, much less so in ^Id aleoboi. 
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They are also soluble in ether, hydrocarbons, and acetic acid.* Boiling -wafer Re- 
solves only traces, and microscopical crystals of the same form separate on cooling. 
The melting point lies between 129^ and 130®. The melted mass solidifies on cooling 
in large crystals. At 2100-220® it sublimes, with formation of a smidl toce of 
ordinary dichloraldohyde. A quick and complete change into the liquid modification 
takes place between 240® and 245®, bnt concentrated sulphuric acid produces tlm 
change at 120®-13()°. Farad ichloraldehydo disi^lved in carbon tetrachloride is 
slowly attacked by chlorine at ordinary temperatures, under the influence of direct sun- 
light, trichloracetyl chloride being the chief product of the reaction. Phosphorus 
pentachloride acts only at a temperature which would of itself produce the change^ 
into ordinary dichloraldohyde. It dissolves with the greatest facility in anhydrous 
acetic acid, especially when warmed, and separates out again unchanged (Jacobsen, 
Beut. Ckem, Ges, Bcr. viii. 87). • 

AXiBaBYDlia. On the action of Aldehydes on Ammonium Thiocarbamate, se^ 
Tviocarbamatks ; for their action on Naphthylamino Bisulphite, see Napthylamine 
(2W Suppl, 846). 

On the compounds of Aldehydes with Aromatic Hydrocarbons, see Fobmaldeuyde 
{2nd Suppl. 633). 

On the compounds of Aldehydes with Urethanes, see Caubamates. ^ ^ 

AXiSraZTSS. On the fruit of Alcuriteti triloba^ ciUIed ‘ Candle- nuts * or 
* Bancoul nuts,’ see 2nd Suppl. 239 ; further, Coronwinder ( (Ampt. rend. Ixxxi!; 43 ; 
Cham, Soo. daur. 1876, i. 97^ 

A&BOZi, - CII».CII(01l).CH^CHO. This compound, polymeric with 

common aldehyde, is the aldehyde of butene-glycol, and of i3-oxybutyric acid {2nd 
Suppl. 37). When left to itself f<jr some weeks, it deposits crystiUs which may be 
separated from the remaining fluid portion by washing with ether. The solid body 
thus formed isparaldol, a polymerido of alaol, related to it in the same manner as 
paraldehyde to aldoliytle. It softens at 89® ; distils in a vacuum between 9C® and 
100®; dissolves easily in water and in alcohol (1 pt. in 3'8 pts. of alcohol of 99®), 
and crystallises from the alcoholic solution in trielinic prisms. It dissolves in 20 
parts of other at 22°, and crystiillises from the solution, liut tluv last portions of the 
mother- liquor contain aldol. By silver oxide jt is tra^jsformed, like aldol itself, into, 
/3-oxybulyric acid (Wurtz, Compf. rmd. Ixxxiii. 255). 

2C<HW-. IPOorCIP.CIIOII.CIP.cn— ClI.CH(OIi).CIU.CHO. 
This substance, related to aldol in the same manner as crotonaUlehydo toacetaldehyd<‘, 
is formed in like manner by condensation of 2 mols. of aldol with elimination of 
1 mol. IPO, under the influence of hydrochloric acid. Uialdane melts at 1 39®, and distils 
at 137®, under a pressure of 2 centimeters of mercury. It disiolves in V)oiling water, 
but crystalli.ses out in great part on cooling in brilliant scales. It is vi'ry soluble in 
alcohol, hut only slightly so in other. Its aqueous solution rediice.s silver oxide with 
formation of a mirror, giving rise to a nionob.'i.sic acid, the silver, sodium, 

barium, and calcium salts of which are crystalline. This acid is formed from 
diuldone by the transformation of the aldehyde group, CllO, into carboxyl, COOH. 

It is strongly acid^ alSd distils at \98® under ti pressure of 2 centimeters of mercury. 

It is soluble in water and in alcohol, and scparalo-s from the hot aqueous solution in 
splendid monoclinic crystals melting at 80® (Wurte, Bull, Soc. Ckim. [2], xxiv. 100). 

Action of Am monia on Aldol, — When aldoPammonia, CUr'*0'*.NIP (2n<f Supjfi, 39), 
is distilled in a current of dry ammonia at 200®~300®, watci^‘'is formed and an oily 
liquid passes over containing various basic substances ; amo^igst those is one which 
forms a platinum salt crystallising in regular octohedrons, and having the compo- 
sition of collidine chloroplatinate. The folloruing equation reprel^ts the reaction : — 

2C<IP0* + NIP C'»U“Nc*+ 4H-'q 
The other bases have not yet been examined (Wurtz, loc. cU.)^ 

A&ZZuAJLA»tXIHB, 0‘4I»N0*, and AXtZUUtXlICZSS, (Liebermann 

a. Troachke, Dent. Ckem. Ges. Ber. viii. 379^. When a soroowbat dilute solution of 
pure alisarin in ammonia is heated for some hours to 150® or 200®, or for a long time 
at 100®, it is convert <xi into a a ra mi rff or a7A idoxyanthraquinonet C'*H*NC)*, 

or C' j Its formation may be represented by the equation : 

% 

+ NIP - H*0 + C‘‘H*Oq^2r 

To 'molato thi. componml, tho dilution is acidulated, thoTesultie^ precipitate disadred 
in bnrvtH-wator. and tho golntion Acmin T»iw»tiiifjif-orl nn fhi 
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tho pr^pit^ from JboUing alcohol, alizaramide is obtained in^ beautiful brpim 
ne6dle8,^¥uig a mete^ie iridescence. It dissolTes in alcohol with a yeUowieh'-braim 
colour, and is easily dissolved in the cold by solutions of the alhalU and alkaltne 
earths. It melts at about 250^^-260^, and sublimes when carefully heated. Its barium 
compound has the formula (C‘*H“NO*)*Ba. ‘ 

^ Alizaramide, treaty in hot alcoholic solution with nitrous acid, yields oxyauthra* 
qumone, C**H*0*. Dilute alkaline solutions of alizaramide are not lUtored by boiling, 
but alizarin is rogeneratcHl when^alizaramide is fused with potassium hydrate. * 
Boeing hydrochloric acid dissulves the tuuide easily, without decomposition, but if 
the two are heated together to 250^, pure alizarin is produced, which 61U the tube 
%’ith long orange-red needles. 

Alisarimide^ « G**H*p*-NH. — If, instead of a clear ammoniacal 

solution of alizarin, a c on^parativoly large quantity of floeculciit precipitated alizarin 
is heated with strong ammonia, another product is obtained which sopamtes in the 
tube in a crystalline sUito, whilst the alizaramide formod at the same time remains in 
solution. This substance is an ammonium-compound. a« it- gives off ammonia when 
boiled with a dilute solution of sodium hydrate. By digestion with dilute hydro- 
chloric acid the ammonia is removed, and alizarimido is left. Its crystalline forni 
is vllji^imilar to that of alizaramide, but it is scarcely soluble in ammonia, or in 
cold dilatotfilkalinu solutions. With baryta- water it gives an insoluMo dark violet 

o 

• See Dioxyantiiraqtiinonr. under Anthmaquinokk. 

AXJLAJbOifDS. Detection. — Tho ibUowMng melhotl for tho detection of alkaloids 
in organic mixtures is recommended by Selmi {Gaccetta ehimica italiana^ iv. 1), as 
easier than those of Stas, Otto, and von Uslar. I'he organic snbsfhnco is digested 
for some hours with alcohol and a little sultdniric acid ; it is thou flltorod, and tho 
residue treated agaiu in tho same way. The filtrates are somewhat ovaporattsl, 
filtered again, evaporated to a syrup, and freshly prepared barium hydrate is nddcKl. 
After addition of anhydrous baryta and |M>w'dere<l glass, tint whole may ho rwluced in 
the mortar to a coarse pow'der, shaken \»p with per^^ctly puro ether, and tho filtrate 
digested with freshly prepared lead hydrate, lly then extraet,ing with ether, tho 
alLiloid is obtained quite pv/e, (*See further Gaszetfa, vi. 32 ; Chem. Soc. ilctfr. 

^1877, 110.) 

Dcactiou^ of Alkalouh with ivdifir.d Ht/dHodie Acid, — This reagent yields, with tho 
alkaloids, churucterihl ic com{>ounds, which arc amor{>hoiiH at first, but }>ecom0 mierr;- 
crystalline after some time, f.sjx'cially if they arc gently heatiMl. They decompose 
rapidly on exposure to tho air. M icotinc, in tho state of acetiito, chloride, or sul- 
hate, gives, under tho above conditions, either rhombic plates or prisma of a 
row'ni^i colour. Neitner the acid utto<l for solution nor the hy^drio<lic acid should 
bo in great excess. Hrucino, when trcate<l in tho same way, yields rose-coloured 
rhombic plates. If tho solution of brucine in very impure, the precipitate should bo 
heated to 50®-C0° in dilute lfu*tic acid. The crystals de|x)sitod from this solution 
are yellow. V’ory small q uantities of brucine may 1x3 detected by evaporation with 
bromated hydrobromic acid. A yelloTv precipitate falls, whiq||| on being heated at 
40°, and dried at tho owlinary temfwruture, is violet in colour. This tint is intensi- 
fied by addition of a little nitric aci<l, after which it changes to a rbso-retl and finally 
to a purple, lodatod hydriodic acid gives jiark maroon- coloured crystals with 
strychnine (Belmi, Iqc. cit,) 

Sj^ecifio reactions of- the Opium dlkaloids. — Morphine, pappivorine, and codeine, give 
with iodised hydriodic Heid, crystalline compounds, tho special forms of which may be 
readily discerned means of a magnifying fwwcr of 460. Precipitates are produced 
with narcotino, narceine and thebaine, but they are not crystallino. Thu reaction 
with morphine is thq most ssnsitivo, distinct and cliaractcristic, exystals being 
obtained with a single drop of a solution of tho alkaloid (.Selmi, Once. v. 

266). 

Beactiofis with Potasno-platinic Iodide and Potaseio-auric loMAe. — Those rei^eDtMi 
are prepared by adding a solution of potkasiinn iodide to one of platinic chlori^ or 
auric chloride, until the precipitiite at first pro<laced is redissolved. Tho platinum 
salt is a gonei^ reagent for the detection of alkaloids in aqneous solution, and in a 
specific reagent for distingnishii^ nicotine from conessine, and also solanine firm 
solanidine.^ In acetic acid solution it fpves an immediate black proeipitata ^th 
nicotine, bnt none wi^^nesifine, whilst with solanidine it yields a wine-red precipitate, 
but none with solanine. The salt serves to distinguish nicotiue from oonine j 
with the ^rmer, wh^ solution is evaporated, a magnificent arl^rei^iit ^stalli- 
eation U product consisting of long slender plates, whilst w'lth conine, oily drops ^ 


precijiitato. 
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aie formed vithont any appearance of cryetallieation. In a ^milar i£umer solanine 
is coloured brown by the gold salt, whilst solanidine merely becomea sli^tly yel- 
lowish (Selmi, Oazsetta, t. 256). 

Beaaiiona wUh Auric Sromide, Sodio-aurotis thiosidphate, Lead tetrachloride, and 
the Svdphate of Manganese Dioxide. With bromide of gold, dilate solutions of conino 
or cicutine (]^) give no reaction in the cold, but become violet when hoated ; a 
solution of nicotine, under similar conditions. Incomes turbid at first, but regains its 
transparency when gently heated ; at the boilidl; temperature, however, it taJkes a 
bluish tinge, and reduced gold is gradually dex>oeitea. Sodio-aurous thiosuliAate 
serves to distinguish solanine from solanidine, as it gives a precipitate with the 
former but not with the latter ; in a similar manner it precipitates narcotine, pap^ 
vorine, and thebaine, but not cmloine, mcyphine, or narceine. With daphnine it 
forms a rough pellicle. Sulphate of goUl precipitates all t^p opium alkaloids with the 
exception of morphine. It also gives a copious yellow precipitate with solanidiup, 
whilst with solanmo, although there is no immediate precipitate, the gold is gradu- 
ally reduced and deposited in the metallic state. With nicotine it yields a permanent 
yellow precipitate, but it does not precipitate conine. 

Lead tetrachloride servos to distinguish brucine and papaverine, with whmh it 
gives brick-red precipitates. It gives a white precipitate with delphinini^md a 
copious crystalline precipitate with solanine; nicotine forms a yellow precipitate, 
whilst conine yields none (Selmi, loo. cit.) 0 • 


Speoifio reaction of Methylamine, Trimethykimine, and Propylamine . — The first 
two of those bases give crystalline compounds with iodised hydriodic acid, amd black 
precipitates with potassio-auric iodide. Iodide of potassium and bismuth yields a 
yellow precipitc^ with trimetliylamino, but none with the others. Auric chloride 
gives ciystalline compounds with methylamine and trimcthylamine, and is reduced 
by propylamine after a time. Auric s^phato produces no effect with propylamine, 
whilst with mothylamina it gives yellow plates, and with triraethylamine ruby-rod 
crystals (Selmi). 

Reactions of Alkalo'ids with Ammonium Molybdate , — On mixing various alkaloids 
with small quantities of a recently prepared solution of ammonium molybdate 
(8 grains dissolved in 2 drachms of pure sulphuric a^id% the fallowing reactions are 
obtorvod : • < 

(1.) No colour at first, but a clear blue tint after some time : Quinine, cinchonine, 
atropine, caffeine, asparagine. 

(2.) Characteristic oolours. — Solanine, yellow. Veratrino, yellowish-green, changing 
to dork brown, and eventually to dark blue. Narcotine, yellowish-green. Codeine, 
green. Morphine, dork red, changing to purple-red, then to dark blue. Digital! no, 
carmine, afterwards purple-rod, changing to dark blue. Aconitine, clear yellowish- 
brown, changing through purplo-red, to dark blue. Piperine, brown-red. Brucine, 
brick-red (J. W. Buckingham, Anier.J. Pkarm. 1873, 149). 

With Phosphonwlybdio acid. — The use of this acid (or its sodium salt) was first 
recommended by Sonnenscheiu for the precipitation of alkaloids (i. 127). Further 
details on the mode of precipitation, ana the character of the precipitates formed in 
particular cases ac«tgiven by StTuve {ZeiiscH^. ^nal. Chem, xii: 164; €hem» 80 c. 

[2], xii. 293). See also the several Alkaloids. 


Reactions with Hydrogen Sulphide. — ^Hofmann, by treating strychnine in alcoholio 
solution with yellow ammonium sulphide, obtained a compound of that alkaloid with 
hydrogen trisidphide, vi*. C**H”N*0*.H*S* (Is^ 4 Suppl. 372)s Wichelhaus obtained 
Bulphur-compounds of stiychnine, and likewise of brucine, bjp the action of hydrogen 
sulphide on this base in alcoholic solution. ^ 

The study of these compounds has been further pursued by E. Schmidt {Deui. 
Chem. Gee, Ser, viii. 1267), who has obtained, by th%action of hydrogen sulphide on 
strychnine, a compound crystallising in orange-red needles, id which he assigns the 
formula (C**H^N*0’).(H^*)*, and in like manner two brucineyx)mi)onnds represented 
by the formul® and C“H“N*0^*2H*S». The«e compounds are de- 

composed by mineral Ueids, with separation ef yellow oily drops consisting of hydrogen 
disulphide. For detailed descHption, see Bnuenrn and Strtchkikh. 

Suuilar reactions appear to take place when hydrogen sulphide is passed into the 
alcoholic solutions of quinine, cinchonine, quinidine, cinc^onidine, morphine, codeine, 
thebaine, papaverine, narcotine, atropine, veratriue, conine, and nicotine, the liquid 
turning yellow and depositing sulphur, together sulphuretted organic romponn^, 
all of which however are ve^ unstable, and have not yet beSn obtained in definite 
form. The quinine-, cinchonine-, and morphine-compounds are the only (mes which 
separate spontaneously from their alcoholic /olutiona, and evefl in these eases the 
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d<q;k06ltB obtaiaed appear to be mixtures of several compounds. With the weak 
bases, c^^iue and theebromine, no similar sulphuT>coinpound 8 appear to be formed. 

For the fon^tion of these sulphur-compounds of the alkaloids by the action of 
hydrogen sulphide, the presence of oxygen appears to bo an essential condition ; for, if 
it be excluded by' passing carbonic anhydride through the apparatus, and passing the 
hydrogen snlj^hide through an alkaline solution of pyrogallic acid before admitting it 
into the solution of the alkaloids, the liquid neither turns yellow nor deposits any 
sulphur-compound. The nature of the reaction may be iUustratod, in the case of 
stiychnine, by the following equation : 

2C«H«N«02 + 6H*S + O* « 3H*0 + 

^ When hydrogen sulphide and carbon disulphide are made to act together on an 
alcoholic solution of strychnine or brucine (ClS^ alone has no oflfect), yellow crystolline 
bodies are deposited either emmediately or after some time. 

Solubility of Alkaloids iu Chloroform. — ^Whon alkaline solutions of strychnine, 
quinine, quinidine, cinchonine, cafToiue, thoobromino, emetine, atropine, hj'oscyamine, 
aconitine, veratrine, physostigmino, narcotino, codeino, thobaino. nicotine* or c<»nine 
are shaken up with chloroform, these alkaloids are dissolved, ovou in the cold. Ilru- 
cine, ^QD^hicine and papaverine are also dissolved after some time. SabadilUiio and 
uarcemt^he latter partially) are dissolved on application of heat. Picrotoxine is 
easily diaso^ed from acid solutions. Morphine and solaniiio are itisolublo in chloro- 
foinaoum By agitating the chloroform solution of any of the above alkaloids '^th 
acidified water, the alkaloid is taken up by the acid, and may thus easily bo obtatnod 
in a very pure state (J. Nowak, Chent. Ceutr. 3872, 536). 

On the Action of Alkaloids on the Organic Sul»stratum of tho Animal Body, see 
RossbacU {N. Hep. Pkartn. xxii. 512-544 ; Chtm. Soc. J. [2J, xii. 173)^ 

On the Detection of Alkaloids in Corpses, see Pout. Chem. Ges. Ber. vii. 1064, 
1332; Chem. Soc. J. [2], xiii. 192, 293. 

U J. A. Cabell {Chem. xxx. HI) has analysed albinite from 

Amherst County, Virginia. A specimen weighing botwoon 1 and 2 }x>unds proseutod 
the appearance of an imperfect crystal 3 or 4 inclios Jong and wide, and an incli thick. 
The adhering matrix conaie*^€Kl of decompoHing felspar and quartz ; tlio colour was 
black ; hardness betwfcn 6 afld^^ ; cp. gr. 3*83. Analysis gave ^ 

• 810*. A1*0*. Fo*0*. reO. CcO. LaCAl-IliO. YO. HaO. C’aO. Mjrf). H*0. 

31*23 16*46 3*49 13*67 11’34 9*90 1*65 0-21 8-69 0*22 2'28.-D91fi 


Supposing tho water non-essential, and all tho basics <’ODStituonts, except Al*0* 
and bVO*, to bo monoxides, these numbers are nearly those of tho usual formula of 
allanite, which is the same as that of garnet, viz. If, however, the 

cerium metals and yttriu^ l^e viowotl ns tri-atomic, this formula is nearly that of 
cpidote, to which allanite is nearly rclatod in crysUdlino form. 

C^IPN^O*. This compound is formed by heating 1 part of 
glyoxylic acid with 2 parts of urea to 100^ for oigiit or ten hours. On exhausting 
the resulting mass with alcohol and dissolving the rustduc in lx>iling water, tho solution 
on cooling deposits tho allantoin large shining cryjjals. 

AUantoin may therefore be regatxtou as tho diureido of g]yo:^lic acid, analogous 
to pyruvil, the diureido of pyruvic acid : — 


,NH— CH— NH—CO—NH* 


jj,— 1— A-* J 

HH-Jo : 


co<^ j 


H—i—NH— CO- 


NE* 


AlhAoIn. 


NH~ CO 

PyruvlI. 


Tho same analogy may be traced v the demativos of these two iKjdies ; thus 

C»H"N^O‘.IPO. cni*N<o». 

« QlysRyl'Urea. Pyruvibutea, 

« (AUiUitiirifWirl of Pelouze.) 


I>lalyoxyllo triiireide. 
(AUaoturlo add of Mulder.) • 


G»H»N«0*. 

Dlpyruvlo trturclde. 


O-HWO*. C*H*N*0». 

^ Hydontolu. Loctyl-orea. 

The aUazituric acid o^Pelouze vMm obtained by the action of hydrochloric add on 
allantoin, by which reaction Mulders allanturic acid was also formed. Similarly, 
pyruvil yieldk with string hydrochloric ac^ the monureide of pyruvic acid, and with 
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l^^iodilorie wad the triureide of the eeme ecid (Qximaux.* Com^. rend. 

to E. Mulder {Deut. Ohem. Get. Ber. riii. 1291) allantoln oxidised by 
potaBflium permanganate, in presence of free alkali, isconTerted into potaseinm 
allantoxanate, C^H*N*KO*. 

JkSUbOVBASrxo Acn. Ethyl Allophanaitt Cr*H*N®0*,0*H*. — ^The ciys- 
tallino body, aiippoaod to be an amidated ether, ^I(CO.NH*)*CO*C*H*, which Amato 
obtained by the action of a slightly acidulated ftlution of potassium cyanide on an 
alcoholic solution of ethyl dichloracotato {2nd Supylt 0), has since been found t# be 
nothing but ethyl allophanate, formed by the action of potassium cyanate contained 
in the crude cyanide on the alcohol used as a solvent. By treating aqueous alcoh^ 
with an acidulated solution of pure potassium cyanate, this ether may be obtained in 
theoretical quantity. ^ • 

Fifty grams of potassium cyanate are dissolved in 300 c.c, of alcohol of 66 degrees ^f 
Gay Lnssac’s alcholomcter ; the solution is mixed with hydrochloric acid dilated with 
alcohol, in suiheient quantity to produce an acid reaction ; and mixture, without 
separation from the crystalline powder which is deposited from it, is heated for two 
days in a reflnx apparatus. On distilling off the alcohol and treating the residue 
with successive small portions of ether, nearly the whole of the alIophaBj^%ther 
produced by the reaction passes into solution. The crystals which separ^U^rom this 
ethereal solution are pressed between bibulous paper, dissolved in boiling water, 
rocrystallised, again pressed, and dried in a vacuum. * • ^ 

Ethyl allophanate thus prepared crystallises from water in small needles sometimes 
grouped in spherical masses. It is tasteless, inodorous, slightly soluble in cold 
water, more scjluble in alcohol and ether. When heated in the air it melts and 
sublimes in woolly flocks. In capillary tubes it melts between 190° and 191°. Kept 
for some time at its melting point in a retort, it is gradually resolved into alcohol and 
cyanuric acid ; if the ether is not quite dry, ammonia and carbon dioxide are at the 
same time evolved (Amato, Gazz. chim. ital. iii. 46 0). 

Sulphuretted Ethyl Allophanate, C*U*N=0*S.C’H» = NH| coSCTtt*'~ 

When equivalent quantities of urea and carbonyl-sulpjjietbyl chloride (^. v.) are con- 
tyiuously heated to 80®~90® in a retort with rovers ot^ondensef, the following reaction 
takes place ; — • • 

co<«f . co<«h: . HCl + hn<conh^. 


and after all the hydrochloric acid has ©scaped, there remains a white mass consisting 
of the sulphuretted allophanic ©thor. On dissolving this mass in boiling water or 
alcohol, filtering, and leaving the solution to cool, th© other is obtained either ns a 
white crystalline powder, or, if the solution has been sufficiently diluted, in nacreous 
needles. It molts with decomposition at 180°. When continuously heated to 100° 
with aqueous ammonia, it yields mercaptan and biuret: — 


HN 


CONH^ 

COSC^IP 


+ NH» 


C=H»SII + HN 


CONIP 

CONH** 


Boiled with baryta-water, it yields mercaptan and barium allophanate. The sulphu- 
retted other therefor© Iwhnves like ordiiiaiy allophanic ether, yielding, however, mer- 
captan whoro tho latter would yield alcohol. On heating it with aniline^ either 
directly or in alcoholic solution, tli^ odour of mercaptan ig immediately developed, 
and after a few second s also that of ammonia, owing thaba diphenylated product, 
viz., diphony 1 -bill ret, has been formed, according to th^oquation: 


^<c 8^OTI* + = C«il-S + NU> + NH<rgONH(gH*) 

the reaction being precisely analogous to that by 'lAiich Hofmann obtained diphenyl- 
biuret from ethjrl nllophanate and aniline (2nrf Snjipl, 193). The diphenyf-biuret 
thus obtained separated on cooling, and after repeated ctyill^lisatioD fron^ alcqhol, 
melted at 210° (Peltzsch a, Salomon, Chem, [2], vii. 477). 

The preceding reactions Show that allophanic ether may bo regarded as tho amido- 

ether of a bibasic acid, MoreoTcv, since allophanic ether is converted 

inter biuret by heating with aqueous ammonia, and into diphenyl-biuret, as shown, by 
heating with aniline, it follows that biuret and allophanic ether stand to one another 
in the same relation as oxamide and oxainethano : — e 




HN-CCONM* 


vCOOC*H 
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OsBBaaide. Biuret. 

(Salomon, pr, Chem. [2], ix. 290). 

T^?*i^^***?** mifiep^ formerly regarded as scrpontine, has been shown 

by lienors analysis to be a distinct species. It forms compact microcrystalline 
masses, penetrated by laminae of biotlte. Hardness less than that of calcspar. 8p. 
gr. =^’641. Pale green, more transparent than the generality of serpwntinea. In a* 
under strong magnifying power, aiiophite appears aa an aggre^te of 
felled Bcales like psoudophite, the parent rock of the onstatite of the Aloysthal in 
Moravia, which it resembles in many respects. Its chemical composition is : — 

• SiO*. A1*0». • MgO. FeH>». Cr"0>. H"0. 

• 36*225 21*925 36*525 2*176 0*850 2 976 » 99-67d. 

Koglecting the small amount of water which escapes at a high temperature, Leflor 
gives for allophite the formula 2(A1*0* SiO>) + 3(MgO.SiO^), (Wobsky, Jahr6. f, 
AffikJrafoyw, 1874, 429). / A v J 

ATff and ASiXiOSLAJfZO On tho constitution of these bodies 

see Salom^Wl pr. Chem, [2], ix. 400 ; Chem. Centr. 1871. 461- 

AXdbOYS* On the f!xpansion and Specific Heat of Fusible Alloys (of bismuth, 
tin, lead, and cadmium), see \V. Spring (Ann. Chim» Ph^g. [5 J, vij. 1 68 ; Chifm* Soe, 
Jour. 1876, iL 692). 

CHhriCH-CH^ 

dkZiZiYXi or 2>ZA.i;Zi*rZ»» G«H"> » { . On the formation of this 

CH»rrjCH-On» • 

hydrocarbon by heating a mixture of allyl bromi<lo, broitiobouzcnc, and bonseno with 
sodium, ace 2ni^ Suppl. p. 46. 

Diattsl-diehlorhgdTin.mVH^W = is formed by 

the union of diallyl with 2 mols. of hypocblorous acid, the combination easily taking 
place on adding the dgallyl V> » cooled and motloratoly strong solution of tho acid 
(prepared by tho action of chloride on mercuric oxide). Tho morcniy cont^iiuod i^i 
tho crude product is precipitated from thh solution by hy<lrogou sulphide, taking caro 
to atop the addition of that rojigenl as soon ns the yellow precioitato of mercuric oxy- 
sulphide begins Ut turn black, as otherwise siilphurett^ dialiyl-ci>mponnds W’ill w) 
formed. The diallyl-dichlorbydriii is dissolvcHl out by ether, tho ether then distilled 
off, and tho prodiK t dried in a vmmum over oil of vitriol. 

Hiallyl-dichlorhydrin is a cfdourloss or faintly yellowish, translucent, very thick, 
tenacious liquid, having H very pleasant o«Iour and a l>ittcr caustic taste. 8p. pr. 

= 1*4 at 7°. It is very soluble in alc(»hol and ether, Mligbtly soluble in water, remains 
liquid at —20°, and maybe distilled without dccomix^sition under ordinary atmo- 
spheric pressure. 

AJbCOBO& and STBaRB. Linnomann has shown (Dev^, Chem. Chf,. 
Ber. viii. 864) that allyl alcohol treated v^tli zinc and sulphuric aci^ either at ordinaiy 
temperatures or at 100°, takes up hydrogen, and is convertwl into normal propyl 
alcohol. The allyl alcohol used in tho cxporinicnts was prepared frcjm glycerin an<l 
oxalic acid, by Tullons* motho<l (!«< Suppl. 90). J^t contained about 6 per cent. pr*>- 
pyl alcohol, for tho rem<^*al of which it was convertwl into tho di bromide, C*H*OIir^ 
which was then reduced ^ zinc and Water, Tho allyl alcohol ^thus purified still re 
tained 1*6 per cent, of pr^yl alcohol; but after treatment with zinc and sulphuric 
acid at 100° it was fBind to contain 11 per cent., and afU;r similar treatment at tho 
ordinary temperature, 34 per cent, of propyl alcohol. The statement of Tollons 
Suppl. 91), that allyl al^hol is *ot converted into propyl alcohol by tho action of 
nascent hydrogen in acid solution, is thus disproved. The same transformation is 
effqptod,*but much tnoTp^ slowly, by the action of imscent hydrogen evolved in an 
alkaline solution from water and sodium- amalgam (Linncmann). 

No pseudoppopyl alcohol, or acetone, isTonned by thev hydrogenation of allyl alco- 
hol, or by oxidation of tho products of the reaction, 

Constitutiem of AUyl Alcohol and ®'rA?rs.— Allyl cyanide, C3*H».CN, has tho con- 
stitution represented by tho formula CH* — CHzn;CH,CN, inasmuch as it is coovcytiMl 
by oxidation® into crotonic acid, CH* — CH=:;CH— COOH. On tho other hand, «]l;|rl 
alcohol is known to havwthe constitutional formula OH*=rCH — CH*OH. Konoo it 
follows that when lUlyl alcohol is converted into crotonic acid through the madinm of 
the iodide Ad ejnnidc^ a ebango of structure must take plaw at some stege of the 
process, 'I'ir., either in tho conversion of rtie alcohol into the iodide, which would then 
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be not GH%=CH— CH*I, but CH*— OHrrCHI, or in that .of the iodid% into the 
cyanide (2nd Buppl. 896). That the change of etmcture cannot take pla^ in the 
passage from alc^ol to Iodide is shown however by the fact that the allyl alcohol 
regenerated from allyl oxalate (prepared with the iodide obtained from pure allyl 
alcohol from glycmrin)* is absolutely identical with the alcohol employed in the pre- 
paration of the oxalate. Further, it is found that when allyl alcohol or allyl iodide is 
oxidised with nitric or chromic acid, both yield formic acid by addition of oxygen to 
the group CH'-', together with oxalic or carbofic acid, but no acetic acid, whereas 
allyl cyanide, when similarly treated, readily yields acetic acid, by addition of 4 ! at. 
oxygen to the group CH* — OH. Hence it appears that the change of structure takes 
place in the conversion of the iodide into the cyanide (KekuI4 a. Kiun^, Deut, 

Ges. Bet. vi. 886). • 

Occttrrence of Allyl Aleohol in Wood-Spirit. — According to Aronhoim (^Deut. Chcm. • 
Ges. Ber. vii. 1381), the J^ngont smell of crude wood-spirit is duo to the presences of 
allyl alcohol. The liqi(ja fractionally distilled and rectified over lime yields the 
hydrate boiling at 88® — 89® doscribod by ToUons, and from it the anhydrous alcohol 
boiling at 96® — 97® may be obtained. 

Allyl Alcohol Dihromidcy C*H^Br*0. — In the preparation of this compou nde r the 
purification of allyl alcohol as above described, it was found that two m^Hf^tions 
were obtained, differing greatly in solubility, one dissolving in 34 timetf^its bulk of 
water at 16®, the other in 8 or 4 times its bulk (Linnemann).* , 

Compound of Allyl Alcohol with Chloral. — These bodies unite in equal numbers of 
molecules, forming the compound CCl®.CH(OH)(OC*H*), which is a viscid liquid, 
colourless when fresh, but gradually becoming coloured on exposure to the air. It 
boils at 116®, ^nd solidifies in a freezing mixture to needles melting at 20*5® ; dissolves 
slowly and with decomposition in water; and unites with 1 mol, of bromine, forming a 

syrupy yellow liquid, probably CH'-^Br’ solidifies at low 

temperatures to a vitreous mass, and cannot bo distilled. It is violently attacked by 
phosphorus pcntachlorido, and after decomposition of the phosphorus oxychloride by 
water, a colourless liquid is obtained, lx)iling with decomposition at 195®, agreeing in 
its nmoiint of chlorine with the formula CCi*.CHC1.0.C*H*, qpd capable of uniting 
iwth bromine (Oglialoro, Gasz. ehim. Hal. iv. 463). ^ , 

A compound of allyl alcoftol with ethyl efanide^ C®H*0N.3C*H*^O, and a compound 
of allyl cyanide w'ith ethyl alcohol, C*H*C]Sf.3C*H®0, are described in the 2nd Suppl* 
p. 49. 

CN 

Allyl C2/a»ocardo«a<«, {ihid. 416). 

Allyl Iodide, — ^This other is but slcrwly actc(^ on by a dry coppeivzmc 

couple at ordinary temperatures, but at 100° the action is moderately rapid, the 
greater part of the iodide being split up in such a mannnor as to yield zinc iodide 
and diallyl : 

2C»H»I + Zn = Znl* + (C'H*)*. 

i^out a fifth part of the diallyl^howover is tjehydrogenised, in a manner not clearly 
understood, and at The same time polymerisodniyielding a resinous substance having 
the composition No satisfactory evidence of the formation of zinc-allyl has 

been obtained, even when the reaction takes place in presence of ether. 

In presence of water, allyl iodides easily decomposed by tho couple at ordinary 
temperatures, yielding zinc iodhydroxido aqd propylene : 

C»H»I + H^O + Zn = Zujj** + 

Zinc alone has little or no action on the iodide in presence of water. 

In presence of alcohol the action of the couple 5)U allyl todide is too violent to 
yield definite results, and even with zinc alone it is necessary to keep down the tem- 
perature. The reaction succeeds best with alcohol of sp. 0*805, tho Jirotbicts 
Wng sine iodothoxido and prop ylei^o: 

C>H*I + llOC’H* + Zn - Zn{P*^^’ + C*H* 

(Gladstone li. Tribe, Chcm. Soc. J. [2], xii. 208% 

’Products obtained by the action of Bypochlorowt and Hypbbromous Acta on Allyl- 
derivatitm. — ^The allyl compounds, having two of their carbon atoms doubly linked, 
as represented by the formula OH*==CH — CH*X, are eapaVle of taking up a mole- 
cule of ClOH or BrOH, the double linking being thereby broken up and ^a compound 

produced, represented by tho general formula } HKJ— CH(bH)— CH»X. 
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- SiM® bqi^e% the ellyl alcohol or ether is shaken up in a stoppered 

flask 'With oilute hypoohlorcnu or hjpobromona acid (prepared by the Action of 
chlorine or bromine on mercuric oxide sospended in VEtor)» care beiitf taken to pre- 
Tont t<M^great a rise of temperature* When no further erolutiod of ^eat is obseryed 
on addition of a fi^esh portion of tjiie acid, the liquid is to cool, shaken up with 
ether, and left to eyaporate ; the product of the combination then remains behincL 

Jilyl Alcohol and Hy^^JUcrous Acid unite to form ordinary nly ceric monochior- 
hydra, C*H»(OH)*CI or OHK3l--CH#H— CH*OH, a colourless limpid liquid having 
afaiflt smell and taste, and easily soluble in water. Sp. gr, *» 1*40 at 13°; b. p, 330°- 
2^° ; yapour- density 4*16 ; calc. 3‘81 ; (compare i. 893). 

Allyl-ethyl'Cther and Hypoehloroui Add yield glyceric monoehlorethylin, 
C*H*(OC®H*XOH)Cl, a colourless somewl^t thick liquid haying a fhiity smell and 
•sharp taste, sp. gr. =1113 at 11°; b. p. 183°-185° ; vapour density «4-3; calc. 
4*3k It is soluble in water, though loss so than iuonochl^l]^drin, and bcharos in 
general like an alcohol, being converted by phospluxrfls pontachloride into 
C*H*(OC®H«5Cl* ; by the pentabromide into C«‘H»(OC®H‘)OIBr; by acetyl chloride 
into d*H*(OC*H*XOC®H*0)Cl ; by strong nitric acid into C*H»(OC“H^)Ci(NO*) ; and by 
alkali^nto ethyl-glycido, C*ii*(0(?H‘)0, a comiX)und analogous in constitution to 
epichloHlgijrin, C*H^C10 ; ' 

^fiXOC*H*XOH)Cl + KOir « KCl + IVO + C'HXOOTI^O. 

MIyl Acetate and • HyftocJdoroue Add unite to form monocliloracoittt, 
C*H*(C*H*0*XOH)Cl, a thick colourless liquid having a penetrating feraell and bitter 
taste. Sp. gr. « 1*27 at 9° ; b. p. 230® ; vapour-den si ty 4*H7. 

Allyl Btomide, CH’nrCH — CH“Br, and Hi/pochl-r>roue Add^ yield the ch loro b r om - 
hydrin, C*H\OH)BrCl or CH*OH — OHdl — CIFBr; and the isomeric romponnd, 
CH*OH — CHBr — CH*C1, is obtained by the action of hypobromous acid on allyl 
chloride, (See Chiobobromhtdiiiks.) 

Allyl Chlorideand Hypochhrous Add yiohl a d i ch 1 orhy dr in, C*n*ClVOTD, which 
has the constitution of dichlorinatod normal propyl alcohol, CIl'^Cl- - CHOI — CH*OH, 
and is according^ converted by oxidation with nitric acid into dichloropropioiuc 
acid, CH^Cl — CHCl — COOH. Or<Unary dichlorhydrin, on the oth«>r hand (formotl 
by heating glycerin wkh hycfroqhloric acid), is convert^ by oxidation into dichlor- 
Scetone, CH^Cl — CO~CJl'^Cl, and must yicreforr have the constitution of dichlorinatetl 
pseudopropyl alcohol, CIl'Cl — CHOH — CIPCl (X^, Henry, S)cut, Chem, Oes, JSer» vii, 
757 ; J, pr. Chem, [2], x. 186). 

Seconparv and Tektiary Aixtohols coNTAiNtNO Aixti .. — AllyUdimeihyl earhincl, 
(^C*H*)(CH*)*.COH, is forrao<l by the action of zinc on a mixture of allyl iodide and 
dimethyl ketone. It l)oiU at 119°, unites with 2 at. bromine, and when treated with 
acetic anhydride yiekls aS acetic elhor boiling at 136°. 

MethyUdiallyl Carhiucl, CH*(C*H*)*COH, formed by the action of zinc on a mixture 
of allyl iodide and acetic ether; boils at 168*4° (corr.), unites with 4 at. bromine, and 
when treated with acetic anhydride, yields an acetic other boiling at 177*3° (corr.) 
(A. Saytzeff, Deut, Chem, Gee. JUer. ix, 33). 

Diallyl Carbinoh (C*lP)*.ClI01f, is formwi by the action of zinc on a miztus||pf 
allyl iodido and ethyl forma to (M. Sayti^^fF, Liefnye %nna!rnt clxaAx, 3.39). 

A mixture of allyl iodide, ethyl iodide, an<l otliyl formate, treated with zinc, atsp 
yi elds, not cthyl-allyl c»irbinol as might be expectdl, but diallyl carbinol (Kanonnikoff 
a. A. Saytzeff, ibid, 3381. ^ 

JLXi&YUkCBXZCACZD, CIP-COOH. The 

formation of the ethylicaethor of this acid by tlie action of s«x^um liydrato on ethylic 
allyl acetacotate, ha^wen alreaily explained (p. 14). This ether l>oils at 142°- 144°, 
and when boiled win! potash yields allylacetic aeiti, as an oil which floats on water, 
and boils at 182°. 1\b pcdusttiuTn^nli ciystalliscs in easily soluble scales ; the calcium 
salt in laminse having the composition 2UH), By oxidation 'with 

chiDmi# acid it yicld^ snccinic and fonuic acids, C*H*0*-f 0*=^ C*li*0*+ CH’‘0* 
(PfZcidler, Beuf. CheA, Gee. Ber. viii. I03,i). 

j^UniLMWBS. 1. EthylaUylamine, C*II"N « (C*H*XC*H‘)NH 
(A. Rinnc, Annalcn. clxviii. 261). — This base, isomeric with piperidine, is 

prepared by the action of ethyl iodide on allylamino. The mixture of the two sub- 
stances in equal numbers of molecules, which s<K>n l>ccomes hot, is enclosed in a well- 
corded sealgd tube, left to itself for a while, and then heatorl for a short time in the 
water-bath. The aqueqps solution of the pniduct is then distilbjd with {)otash-loy, 
the base received in hydrwhloric acid, and the solution of thehydivKildorideevaporatod 
to dryness# On heating the residue over the water- bath with solid potassium 
hydrate, a strongly iflkaliDe liquid passes over, consisting of unaltered allylaminet 
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^Jie^ and a small quantity of diethylamine, from which, after dehydration 
potash, the ethylidlylamme^ which boils at 84^, *ls easily sepafttied ^ a 
oolcmrl6M<, & strong ammoniacsl odour and miscible in all proportions 

with wator. >'l^^aivflamine hydrochloride, crystallises in small colour- 

less plates, vcny soluble in water, and deliquescing on exposure to the air ; less soluble 
in alcohol. On mixing Its solution with excess of platinic chloride, evaporating, 
washing with a mixture of alcohol and ether, and crystallising from alcohol, the 
^fjMinochloride, 2(C*H"N,HCl.j.PtCl\ is obtaini^ in beautiful red monoclinic prisms. 
The aulphate, 2C*H'‘N.H'^0^ is extremely soluble in water, but does not dissolve in 
alcohol or in ether. After evaporation of the solution over sulphuric acid, it foAas a 
mass consisting of small tabular crystals. ^ 

Diethylallylamine, C'H**N « (C*H*)*(C*H*)N, is formed in somewhat con- 
siderable quantity in the action of allylamlne and ethyl iodide in equal numbers of 
molecules, and remainafortbo most part in the distillatiofl -vessel when the mixture of * 
bases is evaporated the water-bath. On adding water to the residue, the dietUJrl- 
allylamine rises to toC surface as an oil, and passes over with the first portions of 
water-vapour when the liquid is distilled over an open fiame. It may bo dehydrated 
with solid potash, and separated from a small quantity of ethyl-allylamine by fractional 
distillation. 

Diethylallylamiuo is a colourless transparent liquid boiling between lOQjsifna 103^. 

It dissolves in about twenty times its own volume of water, and the solimon exhibits 
in a high degree the property — observed also in other bases, especially con^o— of 
acquiring, on slight rise of temperature, a milky turbidity, due to the separation of a 
portion of the dissolved base, IHethylalJylamine hydrochloride, C^H**N.IIC1, separates, 
on evaporating its solution over sulphnric acid, in small colourless crystals, very soluble 
in water. Tfip platinockloride, (O^H*®N.HCiy.PtCl*, forms small reddish crystals, 
not very well defined. 

Diethylallylamine is isomeric with othylpiperidino (iv. 667), from which it is 
distinguished, in the same way as othylallylamine from piperidine, by boiling at a 
temperaturo about 26® lower (Ilinno). 

A.laXiTliBir3B, C*H*. Of hydrocarbon there are two modifications^ a and A 

a-AUyUne, CH* — 0:^011, is formed by the action alcoholic potash on mono-, 
ctlopo-i or monobromopropyleno : v * 

CH*— CC1=CH= - Clll = CH*— C^CH; 

also by heating acotonic chloride, CH*— COl* — CH®, with sodium, and by other processes 
already mentioned (Isf Suppl, 95), This is the modification which precipitates copper 
and silver solutions. It is readily dissolved by strong sulphuric acid, forming 
ally Ion esulplionic acid, which yields a well-crystallised barium salt 

not decomposed by water. The aqueous solution of this afid, when heated, yields a 
distillate containing mesityleno, a polymerido of allylene (A. Schroke, Deut. 

Vhem. Gee. Ber, viii. 17). 

^-Allylene or A 11 one, CH®:=C:::=K3H*, is formed by electrolysis of itaconic 
fi(pid, being given off, together with carbon dioxide, at the positive pole, while hydrogen 
escapes at the nogi^ive pole : — ^ 


C0»H— CH*— < 




CO=H 


CH»iizC~CH* + 2CO® + H»; 


Itooonlc ackl. 


also by the action ^f sodium on dichlorogly cide, (from symmetrical 

trichlorhydrin) : • 

OH^Cl— CHCl—CH^l - HCl = CH*— 

Syutmotrical tricUlorhyclTin. Dichloroglyclde. 

Cn^CCl— CH»Cl + Ka» - 2Na{ft + CH»=C=CH*. 

Dichlorogh'cldo. AUene, 

This modification does not precipitate copper and silver soliftions. With brom^e it 
forms a tetrabromide, CU*Br~CBr® — CII*Br, which crystallises in laminae. 

AUene dichloride, CH*C1 — (!? — CH*C!, is formed when symmetrical dichlorhydrin is 

added by drops to phosphoric anhydride contained in a retort ; and passes over, 
together with unalterod dichlorhydrin, on cautiously distill^ the product : 

CHK!1— OH(OH)— CHKIl - H*0 - CH*C1~0— CH*CL 
It is a liquid having a sp. gr. of 1*233 at distilling aiP 109®, buAing with a 
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, 1 with green; inaoliible in water, but mifloibU with nleohol 
chlorine, forming alleno tetmntiioridn, 
CHH/1 — CCl* — OH’Cl, a colourless liquid having a sp. gr. of l*5dt at I7^f a ‘pungent 
ti^entine-like odoiu and a burning taste; also with 2 at. br«nl^ IhTnung the 
dichlorodibromide, CH®C1— CBr^— *CH®C1, a ^selourleas, eomenhal viscid liquid 
of sp. gr, 2‘088 at 17*6®, boiling at 212®, and resembling the tetraohlofide in taste 
and smell. The dichloride or its solution in benzene is decomposed by sodium, yielding 
freeallene; ^d on passing this gas into bromine, the totrabromido ia formed, 
which cryst^lises in leaflem melting at 196® (Hartenstein, J*, »r, CAem. [2], 

vii. 06). 

^ Pinner a. Kramer Annalen, civiii. 37) described a dichlorallvlene, C*H’Cl*, 

said to be obtained by the action of alkalis on * croton io chloral,* C^H*C1*0, and this 
dichlorallylene was further said by Pinner {DetU, Ch^m. Ges. Her, viii. 902) to yield, 
when treated with sodiung a hydrocarbon, which he called proparffylene ; but 

subsequent experiments hare shown that this hydrocarboiugeally consists of C*H* 
(one of the modifications of allylene), and consequently thsC^e supposed crotonic 
chloral is really butyric chloral, C*II*CI*0 (Pinner, ibid. 1601). Compare p. 60. 

A&Okir (Tilden, Pharm. J. 7Vnns. [3], vi. 208 ; CAcm. Jour, [21, xiii. 
1270)^ Ponr varieties of this substance have been distinguished, viz. : 1. Bafikatow, 
discoverdl^j T. and H. Smith, and analysed by Stonhouse in 1861. 2. Socalotn^ 
isolated fr^ socotrine aloes by T. B. Groves, in 1866. 3. Nataloin, discovered by 

Fliicklger in 1871. 4r 2^naIoiu, prepared by Histed from a variety of socotrine 
aloes, imported by way of Zanzibar, analysed by Huckiger in 1871 ; in all proba- 
bility identical with socalbin. (For the acscriptiou of Borbaloin and Nataloin, see 
i. 148 ; Suppl. 99 ; 2nd Suppi. 62). 

Zanaloin ia prepared by making np the coarsely powdered aloes into a paste 
with proof spirit, macerating for a few hours, and then gradually* expressing the 
liquid from the mass. The yellow cake which remains is purified by ciystalUsation 
from water, and afterwards from rectified s^>irit. 

Zanaloin dried by exposure to the air at the ordinary summer temperature 
retains a quantity of water of crystallisalion varying according to the state of the 
atmosphere. In a vacuum over sulphuric acid, it Iccit in two ozporimonts 14*06 and 
13*9 per cent, watery at 145®^120®, the loss was somewhat greater, viz. 14*46 to 
•15*96 per cent. After drying a vacuum, it gave, by l liroo conconlant analyi^s, 
59*49 per cent. carl>on, and 6*80 hydro^n, agreeing with the formula 

BroiiwzanaUm, is easily obtaine<l i>y p<iuring an aqueous solution of 

the aloin into excess of bromine water. A yellow prccipitaU is then thrown down 
which crystallises from spirit of wines. In this case, ns also in the propamtiou of the 
corresponding compound from barbaloiii, it is essential to the pniduction of a pure 
compound to proceed in Iho manner indicated, as when the operation is rovervei], the 
bromine being introduc^ into the aloin aoluliou, a mixture of brominated compounds 
is thrown down, containing a smaller proportion of bromine, and these bodioii oaniipt 
be separated by recrystallisation, 

CMorosandldin, C»*11'^C1*0’, is obtained by the action of hydrocMorio acid and 
potassic chlorate. The scaly crystals are bright yellow, and lustrous, and cloMly 
resemble those of chlorobarbalo/n, ^ TRiey contain® about 14 pnr cent, of water of 
crystallisation. 

Acetyl-zanaloin, C'*H**(C*H*0)*0’, is a pale yellowish amorphous compound, pre- 
pared by boiling the aloin with acetic anhydi^io, dilating the liquid with alcohol, 
and then pouring it int^ water. ^ 

Acetyi-bardaUnn, prcf)ared in the samo way, is a yellow ish-wbi to curdy substance. 

The following i^a comparison of the analytical rosnlts obtained by different ex- 
perimenters with the aloins of Barbodoos and ^nzibar aloes: — 

Barbaloin ^romo-BJirhoUnn, CfdorofMirbaloin, Aeetyl-barhaUnn, 
(dried in a vacuum). 

(mean). ^Stenhoone (mean). TlWcn. Tildeo. ^ 

c ■ n Br C H Cl OH 

59*31 6 8J 36*48 2*78 41*97 46 17 3*70, 26 13 68 63 6*41 

Cb^orotoTUilotn. Acetyl^gafuiloin. 

(mean). 

TUdea. Tlldea, 

O H Cl C H 

— 26'04 68*84 6*88 

59-2 ^6-9 


Zanaloin BromozandUAn, 

(dried in a vacanm).] 

BtenhfmaolmAin). > Tllden. 

O H ^0 H Br 

69*49 6*80 84'06 2*66 43 06 
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Thesd numbers show that harh<^ig-^wT>^Midom have the same percentage com- 
position. Btenhouse's numbers for breinc^Hurbaloin are iudebd somewhat different 
mm those of TUden, but as he prepared this compound by adding bromine-water to 
the aloSn, it was perhaps not quite pure. 

Ba|d}alom and san- ojp socaldm are isomeric, not kbntical, though they closely re- 
semble each other in taste, solubility, and in furnishing chrysammic acid under the 
prolonged action of nitric acid. Zaualom is. however, slightly paler in colour, and 
richer in water of ciystflllisation. The only qual^tive tost by which they can bedis- 
tin^ished is with nitcic acid, which with barbaloin g^ves an instant crimson coloraypn, 
fading quickly to orange-red. Zanaloin, on the contrary, gives with the same 
liquid no immediate coloration, but an orange-rod on the application of heat. ^ 

The numbers above given for the percentage composition of barbaloin and zanaloin, 
in the anhydrous state, agree with the foriltula Stenhouso formerly gave 

for barbaloin the formula According to E. Schmidt (Deut CAem, Ges, 

Ber. viii. 1276), on the. other hand, barbaloin contains 68*50 p.c. carbon, and 6'gO 
hydrogen, leading to theformula (calc. 68*60 C. and 6*19 H.), agreeing with 

the analysis of sowiloin by Somnmruga a. Kgger {Chem, Centr. 1874, 422). The same 
cliemist, by adding an aloi'n solution to excess of bromine-water, obtained a tribro- 
maloVn, which, after several rocrystallisations, gave numbers agreeing exactl^with 
the formula together with less highly brominated compounds^ 

Graobo a. Xiiobormann, by heating aloin with zinc-dust, obtained a hydrocarbon, 
which they regarded as anthracene; according to Schmidt, i^ is methyl-anthracene, 
and gives by oxidation with chromic acid, anthracene- carbonic acid (m.p. 281®), to- 
getVior with a substance which exhibits the reactions of anthraquinone, but has no 
constant molting point (210®-240°) ; probably a mixture of anthraquinone and methyl- 
aiithraquinouo. ^ 

JL&VMXWttJM. Occurrence in Plants. — Kecont exact analyses of the ashes of 
plants show that aluminium is not to be found among tlie constituents of flowering 
plants, and that its presence is confined to a few cryptogams. The following results 
have been obtained by Church {Chemical News, xxx. 137) : 

100 parts of ash 


• 


Fercentago 

contain. : 



of ouh In « 





dry pirfat. 


Alumina, 

Lycopodium alpinum 


.« 3*68 

10*24 

33-60 

„ clavatum 


2*80 

6*40 

16*24 

,, Solago . 


3*20 

2*63 

7*29 

Solaginolla Martonsii 


, 11-66 

41-03 

0-26 

„ spimilosa 


3*44 

6*67 

none. 

Equisetum maximum 

. 

. 20*02 

62*96 

none. 

Ophioglossum vulgatum , 


8*26 

• 5*32 

none. 

Psilotum triquetrum , 

. 

. 6*06 

3*77 

trace ? 


Oxidation. — Aluminium oxidises w’hon its surface is rubbed with a piece of soft 
leather impregnated with mercury. The rubbed surface becomes warm and dull, 
and in a few seconds whitish exfoliations appear, consisting of pure alumina. The 
presence of the mwcury appeart* to bo noAsssai’y to produco this result (John a, 
Iliuzo, De^tt. Chc7n. Ges. Ber. vii. 1498). ' 

Action on Metallic Chlorides. — Aluminium roiluces zinc as regnlus from fused zinc 
chloride, but does not reduce magneSiuin chloride (FluAutzky, ihid. vi. 196). 

On the ticiion of Ahitnmium and Iodine on Ethyl Oxide a]Jd Compomid Ethers, see 
Ethkrs. • • ^ 

Estimation. — Indirect estimation of Alumina in presence o/ Ferric Oxide. — The two 
oxides are precipitated together by ammonia; the precipitate^Zs washed, ignited, 
and weighed ; the residue is dissolved iu dilute sulpjiurio acid, and heated with zino 
till the ferric oxide is reduced to ferrous oxide ; and the liStter is estimated volu- 
metrically vrith permanganate. The amount of ferric oxide calculated therefrom, and 
deducted from the weight of the ignited precipitate, gives %he alumina (Sfacljtpp, 
Chem. News, mx. 199). , 

Aui examination of the Vnothoda for efTectiug the quantitative separation of 
Alumina, Ferric Oxide, and Phosphoric Acid, is^ven by AV, Flight {Chem. Soc. Jour. 
[2], xiii. 692). 

On the estimation of Aluminium and Iron in Phosphates, see also Esilmann {Chem. 
Hews, xxviii. 208 ; Chem. Soc. Jour. [2], xii. 190). • 

Alummium Chloride, APCl*. — This compound may be prl^^ed in the anhydrous 
state by converting alumina into sulphide, and then the smphide into chli|pde. The 
alumina is heated to redness in a porcelain o| earthenware tuhef which, as* soon as all 
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the wattfr ib exrolled from the atumma, tt odiiMieeted at one end with a reeeiTor, and 
at the other end with a delirerj-tube, by vhi^ ie introduced a mixture of hydro* 
ehloric acid ^;aa and vapour of carbon aulphide, obtained by eimply passing the gas 
through liquid carbon sulphide: A reaction then plaoo, aluminium enlpmde 

being form^ and inim^iately deoomposod by the hydro^n chloride, yielding alumi- 
nium chloride, which distiU oyw, mixetl with sulphur and impregnate with hydrogen 
sulphide. This crude alnmiaium cMoride may be purified bv distilling it with iron 
filings. This mode of preparation docs not require the use of pure alumina, as com- 
mon Way will answer the purpose equttlly woU, In that dase, the ailieiuni chloride, 
formed at the swe time, escapes as gas. and the chlorules of iron, calcium, &0., 
oeing less volatile than the aluminium chloride, remain behind when the latter is 
distUled (F. Curie, Ckcm, Ntws, xxviii. 

PalUidiosochlaride, AlK;il*.2PdCl*. — A solution of aluminium chloride mixed with 
palladious chloride, deposits on concentration deep-brown monocHuio crystals easily 
soluble in water and in aicqhol, and having the composition Al*(7l«.2PdCl* -f 20H*0. 
These crystals give ofl' 16 mols. winter at 140^, and the rest at a higher temperature ; 
the compound decomposing at tiio same time (A. Wvlkow, D^ut. CAcm, Ges, Her, vit. 
802 ). 

THe ph^nochlcridf, Al^Cl*.2VtC\\ in depo8ito<i, on evaporating a solution of the 
mixed chlmdes, in long orange-yellow prisms containing 30 mols. of water. The 
crystids are triclinic, Imving the axis a : 6 : : 0‘6418 : 0*6373, and inclined nt 

the angles 6c ^ 92*^ : ac -- 91^ 36 : uA « 90® 60'. Observed faces: 

100 010 210 310 ITO 2l0 3l0 101 ]l2 323 3ll 

This salt is hygroscopic in moist air, very soluble in winter an<l in alfAhoI, insoluble 
in anhydrous ether. It melts at 62®, gives off 24 mols, water at 120*^, and the rest, with 
decomposition, at 200®. Ita solution is decomposed by zinc, with lil>eration of 
hydrogen and deposition of aluminium hydrate and platinum (Welkuw, Deut, Chem, 
Ges, Bet, vii. 304). 

Aluminium Nitride, APN^ This com{M>imd was obtained in an attemut to 
produce n compound of aluminium and carbon, by heating aluminium with sodium 
carbonate to a v< ry high tern p<ws/^re. The pro<luct was a dark grey sintered mass, 
consisting of unaltered muminium, a smal^ quantity of carlxin in a state of admixturof 
and small crystals of the nitride, hard enough to scnitch quartz (J. W. Mallet, Ckein, 
Soc. Jour. 1876, ii. 349). 

Alum i n i u m Siheu ( ea. See iSl i.K'.-kTK?*, 

Altiminiuin Sulphide, Al-Js*. — Kxf^erimenfs on the formation and properties of 
this eomiiound have been niade by Iteichel {J, pr. Chem. 12], xii. 66), which, however, 
add but little to our previous knowledge of it, derived from the obsorvatious of 
Wohler and of Frerny (i, 160), It is formed by direct combination at high temper- 
atures, as when sulphur is added to rod-hot aluminium, or when a mixture of 
aluminium turnings and sulphur is thrown into a rud-hot crucible, the combination 
in both cases l>emg attended with sparkling ; also, when a stream of carbon dioxide 
chafed with sulphur vapour is passed ov%r ignited aluminium. I|^is also produced 
hy igniting alumina in vapour of carboa sulphide, but not liy heating alumina with 
sulphur, even in presence of a reducing agent. 

Aluminium sulphide is yellow, and usually pdlverulent ; fuses with great diffi- 
culty, and then forms a hiyrd crystalline moss. Heated in contact with the air, it 
burns to aluminium oxide and sulphui^>us oxide. By water or moist air it is decom- 
posed, as represented by tfap equat ion ; 

. + 6H«0 - 3H« + Al*n«0*. 

JLJbinMUlU These salts are vark>U8ly formulated, acoor^ngly as the alt^inium 
or analogous metal contained in them is regarded as trivalent or quadrivalent ; 
ciystallise^ potassium ahun, for example, either bn KAl'"(fc50*)*.12H*0, or as 
K’VAlf^S0«)*.24H*0_. Now the atomicitvof aluminium and its congeners, chromium 
ana iron, is not j'et positively determined, the arguments in support of one view or 
the other being for the most part based upon general considerations of analogy, 
while the more direct evidence whicli might be afiforded by the vapour-density of 
aluminium compounds is contradictory, aluminium appearing as a tetrad when united 
with chlorine^ DTomine, and io^ne, but as a triad in its methyl- and ethyl-com- 
pounds* a 

Further evidence beariiig on this question may bo derived from the mwber of 
water-molecdUs which fiiB crystallised alum gives off when heated. Hertwig fouad 
1v oa^ t.hiLf nofhssium-alum. contaiotna 24ll*0, gives off 
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19 mols. water at 120®, leaving 5 mols.. 4 of which are given off at 180® (and half 
the remainder at 280®, the successive residues having therefore the following 
formulae : — 


At 120® 
„ 180® 
280® 


K\A\^yHBO*y + 5H*0 
KXAP)’*(SO*)* + H»0 

2KVAI»)»*(SOO^ + H^O 


The determination relating to tho loss of water in this salt at 180® has lately been 
confirmed by S. Lupton (C/iem, 8oc. Jour. J2], xiii. 201), whose method of oqiterva- 
tion consists in heating tho finely pulveris^ salt in a current of dry air at known 
temperatures. By the same method Lupton finds that ammonium-aluminiufh 
alum, (NH*)*Al*(SO^)* + 24H*0, heated to 190®, and ammonium-iron alum, 
(NH^^*Fe*(S6^)* + 24H®0, heated to 150®, give off 23 n^ls. water, leaving residues , 
containing 1 mol. H®0. Moreover, lleintz found that a solution of the last-mentioned 
salt, mixed with excess of sulphuric acid and evaporated over the water-bath, deposited 
crystalline crusts containing 3il*0, and on further concentration, a white powder 
containing 1 mol, H'-'O (Po^g. Ann. iv. 331). 

It appears then that the following compounds have been obtained by partial 
dehydration of tho corresponding alums : 


(NH*)*A1’(S0‘)*.H*0 K»A1*(S0*)*.H*0 (NH«)“F8*(S0*)*.H»0 K>Fe^Sb‘)*H*0 

K»A1*(S0»)<.3H'‘0 , K*Fo^SO*)1.3H»0 

K»A1»(S0‘)‘5H*0 

All these formulse contain uneven numbers of water-molecules, and cannot there- 
fore be halved. The anhydrous alum cont-ained in them must, therefore, be repre- 
sented — in the case of common potassium alum, for example — either by 2KAl(SO*)® or 
by K^Al*(SO^)^. Now Lupton has shown by direct experiment, that the ammonium- 
alums may bo heated, without loss of ammonia, to temperatures at which ammonium 
sulphate in the separate state suffers decomposition. Hence it appears most probable 
that the residue, (NH^)®x\l*(SO*)^ is unaffected by tho process of dehydration, and 
exists equally in combination with 1, 3, or 5 molecules of water in the partially de- 
hydrated salts, and with 24 molecules in tho ordinary alums. This being admitted, 
it follows that aluminium chromium and iron nfast be t^ratromic, and therefore 
‘that the molecules of the potassium- alyms must also contain the double atoms 


(AFV^ &o. 
On the ( 


On the decomposition of alums in solution, see also 2nd Supply pp. 295-304 ; 
also p. 1071 . 

Poiasaio-aluminic Alum, Crystallisation. — A. Stias.sny {JHngl. pol. J. cii. 191) 
observed that a very weak solution of common alum, to which a small quantity of 
potassium carbonate had boon added, deposited the alum,*mfter six weeks standing, in 
small defined rhombic d(xlecahodroiis. As cubic alum is also formed from common alum 
by addition of caustic potash or its carbonate, Stiassny is of opinion that tho form above 
mentioned results from the deposition of ordinary octoheilral alum crystals on the 
sides of the cubes formed in the first instance, so that these octohedrons are placed 
diametrically to those in tho normal posit hm. Alum is susceptible of pseaidomor- 
phosis. Iron-altnii and chrofho-alum are'* likewise capable of forming dodecahedral 
crystals, though not so distinct as those obtained from common alum. 

PcoompositUm by Heat . — Ifyduted potash-alum heated to 100® in sealed tubes 
undergoes gradual decomposition with separation of a solid bodv. Tho alum when 
first melted at 100®,lippeara to consist of tho compound I1*A1*(S0‘‘)*.24H*0, fused as 
an entire molecule, and not of ji solution of anhydrous or less hydrated alum, in water 
previously existing as water of crystallisation, inasmuch' as direct experiment shows 
that crystallised alum fused at 100® is incapable of dissolvilj dehy^-ated alum (A. 
Naumann, Jahresh.f. Chem, 1872, 241). 

When a solution of potash alum is heated to* the boiling point of water, a white 
precipitate is formed, which, after washing with water, is an amorphous powder, with 
an admixture of glittering laminse, and dissolves with difi^.ulty in strong Isydpchlonc 
add, but easily in potash, . The precipit«te contains 31-2 — 32*8 per cent, of ainminu, 
about 1 1 per cent, of potash, 30-40 per cent, of sulphuric acid and water, and is there- 
fore a more or lees basic compound of alumina potash, and sulphuric acid, with water. 

The rate of decomposition of alum solutions varies accordingly as they are heated 
alone or after addition of sulphuric acid or potassium sulphate. With pure alum 
solutions the decomposi\ion is most rapid at first, gradually becoming less for equal 
intervals of time, so that a state of equilibrium in the liquid is reached only after a 
very long time. Dilution of the solutions favours decomposition. F^ee sulphuric 
acid, added to alum solutions, prevents ^e decomposition, ^lartUlly entirely, ac- 
cording to the amount added. Neutral poWsium sulphate, on the contrail, expe^tee 



ALtJMS. 


67 


the deeampoffition (Kaamann, Dtmt, Cktm, Qt$^ Btfr^ viii. 1030; »ee further, ibid, x, 
456 ; Ck$m, Akt, J, 1877, il. 166). 

Deteetiofi and EstimatioH of Alam in FUmr and Br^d. — Aooording to R. J. 
Moflat (Amrr. Chtwist [2], i. 365), the best reagent for detecting alum in flour and 
bread is an alcoholic extract of Brazil wood, prepared by digesting 120 grains of the 
'wood with 8 ounces of methyl alcohol for 18 hours, and then filtering. This liquid is 
coloured pale yellow or sti^iw yelIo»> by bread free from alum, whereat if alum it 
present, the colour bccomoa dark red! See also Davis (Chem, AVwvr, xxv. 207); 
HoxSley {ibid, 230). 

^ In the process ^veu in this Dictionary (i. 660) for the quautitativo estimation of 
alum in bread, it is recommended that, after digesting the charred bread in strong 
hydrocliloric acid, and soparjiting the silioa fn^m the extract in the usual way, the 
acid filtrate bo nearly neutralised with sodium carl>ontite, and treaUxl with excess of 
sflcoholic potash, which will precipitate the phosphates of calcium and magnesium, 
together with a trace of iron phospbate, and Ifavo aluminium pliosphate in solution. 
It is found however that the separation thus cffecUnl is very imperfect, for the 
calcium phosphate forms a kind of jelly, which n>tains aluminium phosphate so 
obstinately that even In^iling (K^tash or soda cannot dissolve out more than a relatively 
small potion of it. A lajtter mode of separation is that of A. Dupr6 {Chem, Neu'St 
xxix. 233^CAcm. Soc. J. [2], xii. 1U6), which consists in dissolving out the calcium 
and giAgncsium phospl^tes by means of acetic acid, the aluminium phusphato, 
together with a trace of iron phosphate, then remaining undissolved. 100 grms. of 
the bread (crumb only) are incinerated in a platinum dish. The ash is fused with 
three times its weight of pure swlium caTl>onaic, or a mixture of potassium and 
sodium carlmnates in et^ual proportions. The fused mass diasolvcHl m hydrochloric 
acid is evaporated to dryness, the residue re^issolved in acid, and the silica filtered 
off. To the filtrate nmnionia is luldwl to slight precipitation. The precipitate is 
re-dissolvod by about six drops of strong hydrochloric acid. A slight excess of am- 
monium acetate is now addotl, and the mixture set asi<lo ovor-ih^hb. The precipitate 
formed is flltorod off, washcwl, and ro-dissolvixl in hydrochloric acid, the solution 
boiled for a few minutes with a little sodium hisulphnte, excess of smlium hydrate is 
addeil, and th*< boiling cotitinuud for a fow^ minutes. The precipiUite, chiefly magnetic 
oxide of iron, is filtertsl*off, tlio filtrate feebly acidilh'd with hydrochloric otud, and 
afiimonium acetate addnl in slight o-xcess.* Xfl«»r sLaiwling all night, the precipitate, 
now consisting of pure aluminium phosphate, is eoilectcxl on a filter, washed, dried, 
ignited, and W'oighed. Its weight in grains, inultipIitHl by 542, gives the number of 
grains of alum corresponding wdth the amount of alumina in 2 lbs. of the bread, 
lustcad of separating the iron as above, the two phosphates may be ro-precipitsted a 
BPC>oud time with ammoniuiu acctiite, and weighwl together The iron in the precipi- 
tate is estimated by a standard bichromate solution. The amount of phosphate 
corresponding therewith, dmluctcd from the total, gives the amount of aluminium 
phosphate. When a large proixirtion of magnesium phosphate is present in solution, 
slight traces of it are always CHrrie<l down, oven if iu the cold. To remove this im- 
purity. the first precipitate is to be di.ssfdved and ro-precipitaUsl as directed. If the 
precipitation tiikos place at the noilirig he^^, lx>th iiiaggi sium and i^tlcium phosphates 
are partially precipitated. 

For further details and modifications of this pnicess, sc«o Wanklyn {Chem, Neuf», 
xxxi. 66). * 

A method depending on the solubility of aluminium phosphate in caustic alkalis 
is described by J. C. Thrfsh {Phar7Hf J, Trane, [3], v. 885 ; sCAem. Soe. J, 1876» 
i. 109). e 


Alum from the Solfgfara water* of rnzsuoli . — Those waters yield by spontaneous 
evaporation (going on lor a year) an alum crystallised in octohedrons of sp. gr. 1*774 
at 17®, and exhibiting ther following composition : — 

SO* AW FeO Fe’O* C«0 MgO K*0 H*0 X* 

^6*7^ 6*70 10*824 0*07 MO 0*85 0*30 0 17 40*98 1*57 "100. 

'* * Ka»0, Mn aid loa«. 


It is therefore essentially an ammonio-lluminic sulphate.. 

The mother-liquor contained the same substances, together with a le^e quantitv 
of silica, a litUe organic matter, and traces of chlorine (S. do Luca, Comj^, rma, 
Ixxiv. 123). 9 

Ccmillary Alum from South Africa . — To a capillary alum from the Bosjemam Biver 
H. Ludwig (JtmjL Bhaipgi, [21, elidii. 27) assigns, from analyses by himself, 0. lUacddl^ 
A. Beyer, and Buigmeister, the complex fdhnula : 

K 2 
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[(NH<)*SO\MnSO* + 6H*0] + [(NH^)’SO^Al*(SO«y + 24H»0} 

+ [MnSO'.Al'^.SOy + 2lH*0.] 

to -which correspond the values given under B, those found by analysiB being given 
under A : 

NH« MnO Al-0* SO* H*0 

A. (found). 1 007 7*442 10*470 36-900 40-993-101*812. 

B. (calc.) 0*992 7-251 10*519 %5*016 40*222 » 100 

Wltu traces oi Fe. CaO, and MgO. ^ 

Chrome Alum . — In preparing this salt from a mixture of potassium dichromate 
and sulphuric acid, the reduction of the chromic acid may be conveniently effected 
oxalic acid, as there is then no occasion to add an excess of the reagent, the reaction 
being completed when the evolution of carbonic acid ceases and moreover the necessity 
• of heating the mixture is avoided, which often gives rise to the formation of a gr^n 
unciystaJlisable solution. The reaction takes place according to the equation ; 

K*0r«0’^ + 3H*(70*^+ 4H*SO* - K*Cr*S*0»« + 600^ + 7H*0. 


20*6 parts of the dichromate are dissolved in 39 parts of strong sulphuric acid, and 
the requisite quantity of water, and after cooling, 38 parts of czystallisei^xalic acid 
are added by small portions (Lielegg, Dihigl. pol. J. cevii. 321). ^ 

Modificatione^ — The changes of this salt from the green ^ the violet modiftcation 
and the contrary have lieen studied by Gernoz (Compt. rind. Ixxix. 1332), and Lecoq 
de Boisbaudran (iVa'd, 1491). Gernez finds that even the most concentrated solutions 
of the green salt, if sealed up in tubes while boiling, preserve their green colour and 
deposit no crj^stals even after several months. When such solutions are evaporated 
without contact of any alum crjrstal, they leave a residue of green transparent solid 
matter, which may be kept inrlofinitoly without change. If, however, a green 
saturated solution, whether recently prepared or long preserved in the sealed tubes, 
be touched with a crystal of any alum whatever, an immediate deposit of -violet 
octohodral crystals takes place^ and the crystallisation proceeds slowly till the whole 
of the liquid is transformed into the violet modification. Contact of crystals of salts 
other than alums, potassium sulphate for example, does not induce crystallisation in 
Aho green solutions. 

According to Lecoq de Boisbauclran, blfio solutions of chrome alum recently pre- 
pared in the cold gradually acquire a greener tint, and green solutions recently pre- 
pared by boiling slowly become blue. Whether the liquids bo dilute or concentrated, 
in open vessels or in closed A'cssels, in contact with crystals or not, they slowly 
approximate to the same colour. The progress of the action may be measured by 
the changes of volume accompanying those molecular traijsformations. The mode of 
experimenting is to place in an apparatus resembling a large thermometer one portion 
of a solution prepared in the cold, and in another similar apparatus some of the same 
solution which has been boiled ; the two vessels are placed successively in baths at 
16° and 30°, in order to graduate their stems, and are then allowed to assume the 
ordinary temperature. At the end of some hours, the blue liquid is found to have 
dilated, while tlv^ green solution has coi;tractod. The curve which represents the 
expansion of the blue liquitl shows that the action rapidly falls off in intensity and 
becomes gradually slower. Two such portions of a solution were found not to have 
acquired precisely the same tint <t>ron ^tcr the lapse of eight years. 

It does not appear possible to prepare an alum confining chromic instead of 
sulphuric acid. K. ITloischor {^Arch. Vh^jrm. [3], ii. 300) endeavoured to prepare such 
an alum ; first, hy the action of barium chromate upon v<’>mnion alum ; secondly, by 
means of calcium chromate ; thirdly, by direct combination of aluminium chromate 
-with potassium monochromato. All those attempts failed, ibr the last case because 
potassium monochromato decomposes neutral aluminium chromate, forming potassimn 
bichromate and basic aluminium chromate ; and, in the first two cases, because the 
action is very slow, and alumina is precipitated as chromate. 

A farther reason why such an alum cannot be formed*^s that chromic 
vanadic, tungstic, molylMlic, and titanic’ acids, forms for the * most part anhydrous 
salts, with which it will rosdily combine, giving rise not only to double, but also to 
multiple acid anhydrous sul.ts. 

Selenic Alums.— O. Petersson has examined the alumino-selenic alums of 
potassium, sodium, and ammonium, and the chromio-selenic alums of 4 )ota 8 siuni and 
ammonium. The potassium and ammonium salts of botht.group8 crystallise easily ; 
Bodio-alumiate selenate less easily, on account of its greater solubility. Attempts to 
prepare sodio-chromio selenate and the ferrico-selenic a^pms wer^ unsueoessfhl 
(2^f. Chem, Oee. Ber. vi. 1466). * 
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JkJLinriAiv or JLliVlB^STOn (A. V. Lasoulx, Jahrhuch/, Mineraloff^, 1874, 
142). This mineral ha4 hitherto been found mostly associated \rith trachytie rocks 
or breccias in such a manner as to indicate its formation bv volcanic exhalations. 
The oldest known alunites, namely, those of l^ombino and La Tolfa. near Civita 
Veechia, are very intimately mixed with trachitie tufas and pumice>couglomerates. 
into which they dir^tly pass. Similar is the motie of occurrence of the alunites of 
Aegina, ofBereghszasa, Tokay, and Musig in Hungary, and of MontHore in Auvergne. 
In all these cases the transformation of the trachytes has been produced by exhala- 
tiong of sulphydric acid mixed with sulphurous or sulphuric acid. In the Hungarian 
alunites, according to v. Hichthofen, the process has been commenced by exhalations 
^f hydrofluoric acid, and the silicoduortdes thereby produced have been converted 
into sulphates by aqneous vapours containing sulphuric acid. Somewhat different 
relations must have existed when the onginal rock w'lis not tracliyte, but impure 
sandstone, as appears to Ihive been the case with the alum-stone of Kuwa Tjiwidai in 
Jhva, and with that of jVIusaj in Hungary, in those cases the transformation has 
probably been effectoil by sulphurous acid during a period of volcanic activity. 

Another mode of formation is exhibited by an aluiiito from a recently opened 
depositnear the village of Breiiil, west of Issoiro in Auverguo. This alunito is while, 
varied here and there with pale rod, earthy, loose, and friable throughout, and miheres 
very stro^Iy to the tongue. Under the microscope it exhibitti the appearance of 
small roundish granules without crystalline structure. Uuartx in granules and 
splia4ers is sparingly dinseminatod through the mass; the substance gives off water 
when heatofl in a tube, and emits an tkiour of sulphurous acid even when very 
slightly heated. When ignited with cobalt-solution it acquires a fine blue colour. 
Sp. gr.^ 2-601. 

The composition of this almiite is shown in ansdyMis I, by Tnu^ot. II shows 
the composition of the pure alunito after tleduction of the silica, which must 
bo regarded as an impurity. Ill and IV are analy.-ics of alunito from Pic do San^y in 
Auvergne. Ill is by Conlicr, after deduction of 28 4 per cent, silica and l*4*l ferric 
oxide. IV' i.s by Gautier- La croze {Jahrduch, 1864, 728), after deduction of 3fi’2 per 
cent, silica, ferric oxide, and sulphur: — 
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The last two analyses give an amount of alumina larger than is required, accord- 
ing to the quantity of sulphuric acid, tx# form jx^tawhio-alumiiiic sulphate. *1110 higher 
amount of water in IV points to the presence of aluminium hydrate, therefore pro- 
bably to an admixture of gibbsito, whilst Corflicr's analysis (III) agrees nearly with 
[Mitschcrlich’s formula of alunito, viz. : — 

K»O.SO> 3(Al*0*.So») + 2(A1»0".3H*0)/ 

the proportion of alumina, however, being soriioMiiat less than that required by this 
formula. The alunite of Brcuil, on the other hand, cx/utains sulphuric acid, idumina, 
and potash almost eitctlj^ in the pro^virtions roi|uiriMl to fortq, aluniinium i ionrmnl- 
phate and potassium sulplj^to, so that thi.s alunite may bo regarded with t/jlerablo 
certainty as a simple hydrate of these tw’o salts, represented by the formula : 

^ KKJ.SO* + 6{A1’0*.S0*) + 6H>0. 

It is therefore extremely rich in aluminium monosulphate, a peculiarity probably 
due to its mode of formation. 

73?’^ IJireuil alunite ap^ars as the coating f'f a bed of red ferruginous clay, form- 
ing part of the trachytic tufas and basaliioand pumiciferous conglomerates extendii^ 
in the form of hills and taVde-biuds over the whole district west of Issoiro. ^ This 
mode of occurrence distinguishes it fnem that of the other alunites above metitioued. 
The manner in which it encloses the ferru^nous clay indicates a regularity o'' trans- 
formation which can scarcely be sttributefl to exhalations attacking the clay from all 
sides and vrifliout order, but rather points to an action originating within the mass of 
the clay itself. The forAation of the alunite may in fact be attributed to the de- 
compomtion^ iron pyrites, or more probably of marcasite, in the clay, brought about 
by the action of rain-^ater. Tlie marca 4 |itc, by oxidation, would yield ferrous sul- 
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phate and free sulphuric acid, and tha sulphuric acid penetrating outwards would 
convert the exterior portion of the clay bed into alunite. This transformatfon may 
in fact bo imitated experimentally, by laying marcasite on a mud of clay-slate con- 
taining potash, and leaving it exposed to moisture. After eome time a solution is 
obtained, which by nradual evaporation yields a mixture of ferrous sulphate and 
alum. Then, as the decomposition advances, the ferrous sulphate is robbed of its 
sulphuric acid, which goes to complete the formation of the alunite, and as insoluble 
residue there remains nothing but ferric oxide, #hieh gives the red colour to the 
nucleus of clay. Beds of alunite, containing red haematite and gypsum, together 
with iron-glance, like those of the Musaj mountains, have probably been fonnecl in 
the same way. ^ 

There are, then, two modes of formation of alunite, first by the action of sulphuric 
acid exhalations on rocks containing alumitia, ferric oxide, and potash, the products 
in this case being alunite, pyrites and sulphur ; secondly, from pyrites or marcasite, 
the final products of which are alunite, iron-glance, and red haematite. Both thei^ 
modes of formation are exhibite<l in the district of Mont Doro, the former at the 
Bavin de la Craio, the latter at Breuil. 

ABKAJUiriS, From the diflForonce of action of ethyl iodide on the 

isomeric compounds, hydrobenzamide and amarine, Borodin inferred that in hydro- 
benzamide, (C®H*.CH)*K*, the whole of the hydrogen is in immediate ctfSibinatiou 

with carbon, whereas in amarine, N | ^ two of the hydrogen-atoms belong to 

the ammonia residue (iii. 184). On this view, the conversion of hydrobenzamide by 
boiling into amarine is exactly analogous to that of tertiary amines (dimethyl aniline, 
for example) into secondary and primary amines observed by Hofmann (2nd SuppL 
67). In both cases hydrogen-atoms are transferred from the carlx)ii to the nitrogen, 
and carbon-atoms are linked together, producing, on the one hand, ammonia-residues, 
and on the other caid)on-group.s of higher order. In the case of hydrobenzamide, 
however, this transformation t/tkos place much more easily than with the aniline 
derivatives (Borcxlin, Dent, Cfiem, Ges. Her. vi. 1253). 

Nitrosamarine^ C**H*^(NO)N® (Borodin, Deut. Chem. Ges. Her. viii. 933). — This 
compound is best prepared by adding a concentrt.fe**, hot, alcoholic solution of 
aw amarine salt (hydrochloride, nitrate, or acotfvte), acidifieci with acetic acid, to a 
very concentrated, hot, aqueous solution of an alkaline nitrite, also acidified with 
acetic acid. On stirring the mixture, a lively reaction takes place, ethyl nitrite 
and nitrogen being evolved, and the yellow liquid becoming filled with small, heavy, 
brilliant Imninm, which refract light strongly, and have a rhombic or triangular form. 
The deposition of crystals continues for some time after the liquid is cold. 

The formation of nitrosumarino takes place also, thoi'gh less quickly, in dilute 
alcoholic solutions, and may bo used as a tost for the presence of amarine salts. In 
aqueous solutions it takes place only when both liquids are concentrated. 

The direct action of nitrous acid on amarine and its salts gives rise, not to nitros- 
amarino, but to a peculiar complex body containing nitrogen and oxygen. 

Nitrosamarino is insoluble in wrater and is not wott^ thereby. It dissolves in 
alcohol, ether, amy’ -alcohol, carbou bisulphHo, benzene, and hydrocarbons. It is not 
volatile: at 149°-150° it Ciikes together, turitt brown, and is perfectly decomposed, 
with abundant evolution of nitrogen and nitric oxide, and formation of a large quantity 
of lophine, and a smaller quantity of a liquid which has the smell of oil of bitter 
almonds. Nitrosamarine is also attacked by an alcoholic solution of caustic potash, 
with formation of lophine, ammonia, and a liquid smelling of bitter almonds, but it is 
scarcely affected by an alcoholic solution of ammf>nia, evenuat a boiling heat. When 
it is gently warmed with sulphuric, hydrochloric, or nitric acid in presence of alcohol, 
heat 18 liberated and the substance dissolves, with abundant Ablution of nitrogen, 
and formation of ethyl nitrite and amarine, the salt of wh-'ch, with the acid used, 
remains in the solution. When mixed with acids in presence of water, it is not so 
readily attacked in the cold, but is decomposed on heating, with formation of amarine 
and evolution of nitric oxide and nitrogen. It behaves simnarly towards ai6ttjL-acid. 
This behaviour towards acids places nitrosbamarine among the Aitroso -derivatives of 
known imido bases (diethylamine, piperidine, conine). It gives, also, the characteristic 
colour reactions of the nitroso-compounds with phenol. 

AJmSltt On the identity of tha so-called * unripe amber,’ from the coast of 
the Baltic, with Krantzito, see Rbsuts, Fossil* (‘2«d Suppl, ^39). 

AmuUCm. This name was given by Shepard to a mineral found on some 
diaspoze at Chester (Mass.) It occurs in small ciystalline mrsses, formed of super- 
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posed laj^rsptof hexagonal appearance, with easy cleaTSM parallel to the base, 
a^mpanied by scattcaed nmlee of rutile. Translucent m thin plates. A thm 
plate exhibits a positire optic axis with the polarising microscope. Lustre pearly. 
Colour pale apple-greon. Hardness 2*6 to 3. Density 2*71. Before the blowpipe it 
becomes blackish and is almost infusible. Composition - 

SiO*. A1*0*. PeO. MkO. iro. 

22*40 32*30 1680 19*90 10*90 

(Pisani, Compt. rend. Ixxxiii. 166).*' 

V^BUTSTST. On Twin-formations of Amethyst, see Jahrhuck /. MineralogU^ 
1874, 428; 1876. 190. ^ -y. 


(Wallach, Deut. Chrm. Ges, Ber. viii. 1676). Phosphorus ponta- 
chloride acting on acid amides, R.COSR'^ (where R or R' represents hydrogen or a 
hydrocarbon radicle), prot^ices bodies of tffe formula K.CClNir; and these when acted 
i)pon by an amine yield bases, csiltinl a midinos or amimides, and represented by 
the formula. 

Thus to eveiy acid amide there is a corrospimding nmidinn which may l)e regarded 
as derived from it hy the s\il>6titution of NH' for O. The following are examples: — 

Acetamide. Acetanilide. Ilensanllide. 

Accdlnmine. Ethenyldiphensdatuimidc. BcitKenyUliiiben^lamimide. 


Similarly with the amides of bi basic acids : — 

/NIP /SIP 

0^-NIP < 0 NT**- 

^NH 

Carltamlde. CuLuidliie. 


Amidines are formcnl also fyoiy thiumides by the exchartge of 8 for NR' ; guanidme, 
for instance, being fortnw! by the action of aminos on thiocarbamide. 

The amidines, as a class, aro remiirktblc for the faciliry with which they reifct 
with water to form tho amides from w’hich th»-y are dorivod. Thus ethenyldiphenyl- 
aminiido is resolved by prolonged TxiiJing with weak spirit, or even by oft-repoatad 
crystallisation thorofrom, into acetanilide and anilim? - 

+ 1I»0 ^ + NHK3-H*. 


Similarly, guanidine yields carbamide and ammonia, and aoediamine breaks up with 
extreme facility into acetamide and ammonia. 

yisenyl-ftcetaintmtAe or yhenylaccdiamine, C*IP*N^>- 

(BernthBen, Deut. Chem. Gen. Ber. viii. '4319 ; ix. 4^9). This kilAe, tho ucofliamino 
of tho a-toluic series, is formed: 1. As a thiosulphate, by the simultaneous action of 
ammonia and atmospheric oxygen on phonybthij#^'ebimido ; 

2(C*H».CH*.GS,!yi^ + 2NIP -f O' - IPO + (C»H'»0»)*.S*0*H». 

2. By tho action of desulphurising agents on phcnyl-thiaoetamido and ammonia ; 
with mercuric chloride reaction is as bdlows: — 

C-H‘.CH».CS.NH» #2NH* + HgCl» - lIgS + NII'.UCl + 

Tlio base, separated -from its salts by heating with potash, forms oily drops which i 
solidify on standing to a mass of platy ciystals. It dissolves easily in alcohol, ether, 
w ws u pL. 'water, and dilut|ip potash ; melts at 83^-89*^ ; cannot Ixi sublimed without 
dedrSposition ; and in contact with potash, evolves a small quantity of amuionia. It 
absorbs carbonic acid from the air. Alcohol and w'ater decompose it, with formation of 
ammonia and phenylacetamide: ^ 

+ U»0 » KU- + 


The acid mlphate oJ^hemyUteeiamimide forms large tabular ciystals, earilj solnUa 
in water and in alcohol. The thioeulpkate crystallises from ^eobol in white noadles, 
and from ^ater in thk^k prisms which are frequently hollow; it is ahnost ineoluUe 
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in ether, elightly soluble in alcohol and cold water, easily in hot water, t The acetate, 
obtained by decomposing the thiosulphate wi^ lead acetate, aiy^tal- 
lises from alcohol in stellate groups of slender needles, easily soluble in water and in 
alcohol, nearly insoluble in ether, melting at 192^-193^. The nefuirat oxalate forms 
white prisms or needles, soluble in water and in alcohol. The acid oxalate^ which is 
less soluble, ciystaUises in matted needles. The nitrate and hydrochloride are 
ciystalli sable. 

Phenytaaet<mMioyhenylamimidet C‘*H*^N* is formed, 

with evolution of hydrogen sulphide, when phenyl-thiacetamide is heated with aniline 
hy drochloride : 

0*H*— OH»— CSNH= + C«H»(NH’)Ha = H*S + C*H»— CH»— 

The same base is formed by the reaction of benzyl cyanide ajid aniline hydrochloride : 

O'H'— CN + OH*— NH=HC1 = C'H'— ; * 


also by the action of iodine on a mixture of aniline and phenyl -thi acetamide in alcoholic 
solution : 

C*H*— OH»— eSNH' + NH'— 0*H* + P = S + HI + 0*H*— CH’— C^^^‘.HI. 

Phonylacetomonophcnylaraimido forms small white needles or laminse, melting at 
about 128°, and subliming in long needles. It dissolves sparingly in water and 'Very 
freely in alcohol and ether. It is a mon-acid base, forming salts which, with the 
exception of the oxalate, are not crystallisiihle. 

Phcnylacctotnonotolylamimidef 0“!!* — CH*— , a base analogous to the 

foregoing, is olttainod by similar resections, Uiluidino hydrochloride being employed 
instead of the suiiline Siilt. It crystallises in thick prisms, which dissolve in water, 
alcohol, and ether, mult at 118°-119°, and .sublime at a higher temperature. Its salts 
are more easily crystallisablo than those of the phenyl base. 

Benzmyl-'monojfhtnylamimide^ C**n^‘''N2 = C«II* — formed by tlie 

action of aniline hydrochloride on thiobenzaniide, or l>enzonitril (phenyl 

cyanide) is a white substance, easily soluble in water, and forming salts which are 
mostly uncrystal Usable. 

Bcncenyl-diphenylamimidej C**n'®N* formed by the action 

of aniline on the preceding, is nearly insoluble in water. It is identical with the 
product which Oerhordt obtained by the action of PCJl^ on benzanilidc. 

Benzmyl'-monotolylamimidcyQ^'B .^ — action of bunzonitril 

on toluidine hydrochloride, crystallises in transparent tables melting at 09°-09 o°. 
The oxalate and nitrate cr^-stallise in needles. 

Bcnzenyl-ditofylami/nidcy OH* — formed, together with the preceding 

base, cry stall isos in* thick yellowish prism.'# loss freely soluble than the monotolyl 
base. It molts at 131°-132°, and sublimes at a higher temperature. 


Liebig ropresinled this lK)dy by the formula On®N®0* = 
(ON'y-'CNH-l'COHy; Gorhardt regarded it as OH<N^O» ^ (C*N»)(NH*XOH)^ (ii. 
287)* The first of these formul© requires 49*41 per cent., tHe second 43*76 per cent, 
nitrogen. Gabriel {Bent. Chem, Ges, Ber, viii. 1166 ) finds ,^hat ammelide, preparetl 
by calcination of ammelino nitrate, contiiins 60 * 7 1-61 'oQ per cent, nitrogen; that 
prepared by the action of nitric acid on melam (Knapp's procosrf^ee Gmelin*8 Hand* 
ooo/e, ix. 476 ) contains 51 * 02 - 51*44 per cent. ; and the pruilucf^ obtained by the action 
of Biilphurio acid on pure melam contains a still larger quantity of nitrogen. 

On the other hand, a white chalky product obtained by dissolving crude melam in 
hot strong sulphuric acid, precipitating with alcohol, and Vashing the pi%ti(;i;(ate 
thoroughly witJi boiling w*at<»r, exhibit^ a constant conipositio.i agreeing exactly 
wiUi that of Qerhardt’s ammelide, and of Liebig a. 'Wohler's melanurenic acid, obtained 
by calcining urea. This compound combines n^dily w'ith nitric and hydrochloric 
acids, as previously pointed out by Volhard (Beitt. Che^n. Ges. Ber^ vii. 92). The 
nitrate, C*II*N^O*.nNO*. crystallises in shining scales ; the hydrochloride, C3*H*N^O*.HCl, 
in microscopic needles. ^ 

AJMnMOIflA* Formation. — Ammonui may be produced synthetically by the 
action of induced electricity on a mixture of nitrogen and inHhe proper 
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proportion. ThS quantity thus formed is smaU* but eaflleient to give u decided red* 
brown prcdlpitate witli Neper's ret&gent. 

Absorpiion, — 1. By Ammonium Nitrate. See Nitiutbs (2nd Suppl 869). 

2. By Saline SahUione. — F, M. Baoult (Compt, retid. Ixzmi. 1078 ; Ann, CA. PApe, 
[d]t i. 262) has studied the aba(»rption of ammonia gas by solutions of salts which it 
does not aecompose or precipitate. Kxperiiueuts on the absorption of ammonia by 
water confirmed the results of Boscoe a. Bittmar (Oasbs, ii. 708). For solution of 
potaesium hydjt<Ue^ the coefficient of atisorption is less than that for pure water* in 
propor^on as the solution is more concentrated. At 16° and 760 mm. barometric 
pressure* 100 c.c. of water absorb 60 grains of ammonia* whoreiis 100 ao. of aqueous 
p^ash containing 24*25 per cent. KHO absorb only 30 grams, and 100 c.c. of a 
saturated potash'solutton absorb only 1 gram of ammonia. Soda^eoltUione have the 
^me absorption -coefficient as potash-solutiiJiis of like concentration* Solutions of 
eodium nitrate and of ammoftiuni nitrate absorb exactly as much ammonia as water 
doeif, although dry sodium nitrate absorbs no ammonia, and dry ammonium nitrate 
absorbs a considerable quantity. A solution of p€ytaeaium nitrate absorbs mure 
ammonia than water absorbs, but the residue obtained by spontaneous evaporation 
is free from ammonia; the absorption under vaiyiug pressure conforms almost 
exactly to Dalton’s law, and develops an amount of heat equal to that evolved in the 
absorption ammonia by water, so that we cannot suppose that the ammonia exerts 
any decomposing action on the salt. 

With saline solutions whose boiling point docs not exceed 110*^ the following law 
holds good : — TAe difference between the coefficient of abmrption <f amntonia in water, 
and in solutions of the same salt of different degrees of concentration, ts proportional to 
(he weight of salt contained in a constant nolume measured before the absorption of the 

9 ^*' ... * 

To solutions of caustic potash or soda this law is applicable only when they con- 
Uiin less than 1 mol. of anhydrous base to 15 luols. or water. More concentrated 
alkaline solutions dissolve more aniinonia ilnm the law indicates, t^ue.h a solution of 
potash* for example, dissolves 16 times its volume of ammonia. Kven the solid 
hydrates, with the exception of the niono-h^'drates* KHO ami NaUO, absorb a little 
of the gas. The general law alxive named furnishes an explanation of the well-known 
fact that a concontrato«l solutioc ofiunmofiia eTulv<\s a portion of its gas when poUmh 
is added to it. The (K)t4sli but slightly increases the bulk of the liquid, ami at the , 
same time it forms a solution less cu|.>aolo tliao water of nbsorldng ammonia. 
Solutions of ammonium chloride dissolve a little loss ammonia than watcT absorbs. 

3. Hy Plants. f3eo Ntjtkitiok, VKuicrAiit.H. 

On the Kxchaugo of Ammonia between Air, Water, and Noil, see hicbloi'sing (Compt. 
rend. Ixxxi. 81, 1262, Ixxxii. 747, 846, 969 ; Oiem, Soc. Jour, 1876, i, 95, 618 ; ii, 44, 
172 ), 

Detection. — According toG. C. Wittsteiii (Arch. Vharm, [3], iii. 327) » a solution of 
mercuric chlori<le (as originally pointed out by Kiubrodt), is a more delicate tost for 
ammonia than Nesslers reagent. In support of this view tlxo following experiment is 
adduced: — Into one of tw'o beakers, each conttiining 100 c.c. of water, were intn>- 
duced 1 droo of ammonium chb-rido solution, 1 dmp of jx/tiish solution* and 1 drop of 
mercuric chloride solution* and into the otb r 1 drop orunmonium chloride solution, 
and 5 drops of Nessler s reagent. In tbo fii-st beaker a distinct white opalescence 
was ppwluced ; in the second luither coloration nor turbidity wns jiercepUble* even 
after the addition of mure Neshlcr's reagent. Compare (iuyot (2nd Supjtl, 69). 

According to J. Moddergiaiin (CA^i. Centr. 1873. 677), the presence of ammonia 
in distilled water may bo detected by means of cupric sulphate, A certain quantity 
of distilled water dissolves tRis aalt without turbidity ; but on adding more distilled 
water, Uiere occurs, at a particular degree of dilution, a greenish turbidity, followed 
by the gradual depositlmi of a men precipitate consisting of basic cupric sulphate. 
The formjition of this compound is due t/> ammonia, which is invariably present in 
ordinary di.Hlilled water. To the same cause is due the turbidity produced in a 
nentral so]j(^ion of ferric clj^oride'by a largo quantity of distilled water. 

' Eeft^inaiion, — In^be estimation of nmqiooia by distilling ammonium salts with 
caustic alkali, an error may arise from the presence of thiocyanates, which also 
liberate ammonia under these circumstances. This error may, however, be completely 
avoided by using lime or baryta, preferably the latter, in place of potash or swa (A, 
Esilmann, Chem, hetce, xxxi. 16). 

On the Estknation of Arntrumia hy yessler'e Reagent, see 8. Harvey (Chem» News, 
zxvti. 262 ; Chem* Soc, Jot0h. [2], xi. 1161). 

On the Esimodion of Amsionta tn the Air, see Schloesing (Compt, rend. Ixxx. 266 ; 
Chem. Soc. Jour. [2], xiia 603). 
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EsHmcUion in Coal Gas . — Houzeaa {Compt. rend, IxxtI. 62) passes the gas l^rotigh 
6 c,c. of dilute sulphupic acidt containing 0*30626 gnn, 90'*JEC*, until the Kquid^ pre- 
Tiously tinged with litmus, assumes a blue colour. The current of gas is then 
arrested, and the Tolume which has passed is noted. This volume of gas contains 
0*10626 grras. NH». 

Estimation of Ammonia^ Organio NUrogon and 'NUrio Atnd in Water, Earth, — 
Piuggari {Chmpi. rend Ixzvii. 481) employs for this purpose a method, ^led 
ATnrnonio-nUromeiry, which consists in first Cetermining the free ammonia either 
with Kessler’s reagent, or by adding one or two drops of phenol to 6*6 c.c. of jjodium 
hypochlorite, and comparing the violet-blue colour produced with a normal smution. 
The nitrogen existing as organic matter is oxidised to nitrous and nitric acids by heatiisg 
with a mixture of silver chloride and caustic potash to 60°-60*^ for several hours, then 
reduced to ammonia with potash and aluminium-foil, and estimated as before. By 
alternate reduction and oxidation, nitrogen in the three* forms of combination ma/ 
be estimated in one portion. * 

Anhydrous Liquid Ammonia. — G. Gore {Ptoc. Boy. 8oc. xx. 441) has ex- 
amined the solvent action of liquid ammonia on various substances, by means of an 
apparatus similar to that which he formerly employed for the examination of liquid 
cyanogen {2nd 8uppl. 416), the tubes being charged with calcium chloride previously 
saturated with ammonia gas. ^ 

The only elementary substances soluble in the liquefied ammonia are the alkali* 
metals proper, iodine (bromine was not tried), sulphur, awd phosphorus. Tile more 
generally soluble inorganic salts arc nitrates, chlorides, bromides, and iodides; whilst 
oxides, fluorides, carbonates, sulphides, and sulphates are very generally insoluble. 
Many saline substances, especially certain chlorides, bromides, iodides, and sulphates, 
absorb ammonia freely, and swell greatly, but do not dissolve. 

Various compounds of ctirboTi were submitted to the action of the solution of potas- 
sium in the liquefied vapour ; the free potassium disappeared, hut no elementary 
carbon was liberated. 

A2MEKOWZA.-SOa>A »&OOB88. See Soda Manufacturb. 

AMMOaffXO^arZTIiOMCBTB'S'. See above. 

8.M[|M[OXrZinM[ AMEAXiOAmt. Koutled^e *{Ckeii\ News, xxvi. 210) has 
dotorminod the volume-relation of the ammonia and hydrogen evolved from this cab- 
stance, by first measuring the total volume of gas, fhon absorbing the ammonia by 
water, and finally reading off the residttal volume. In this way it is found that the 
vohmies of ammonia-gas and hydrogen evolved are very nearly in the ratio 2 .* 1, 
leading to the inferoiico that the ammonium and hydrogen in the amalgam are chemi- 
cally combined. 

When the amalgam is subjected to varying prossuref its volume varies nearly in 
the inverse ratio of the pressure, wlitmco it appears that the increased volume of the 
amalgam is due to free gases enclosed within its mass. A compound of ammonium 
and mercury is probably formed in the first instance, but this compound immediately 
begins to decompose, the ammonia and hydrogen evolved becoming entangled in the 
mercury, and causing it to sw'oll up. — Compare 8nppl. p, 104. 

AMMOnrAfK 8AXiT^< The qucsti,on as to whether these salts should be 
regarded as derivatives of quinquivalent nitrogen, or as molecular compounds con- 

% II*) 

taining trivalent nitrogen — sal-ammoniac, for example — either as qj [N or as 

II*N + HCl, being ^till undecided, Meyer a. •I^ecco Chem. Gts. Ber, vii. 1748; 

viii. 233, 938) have endeavoured to solve it by the cs^^mination of certain salts of 
compound ammoniums. 

If trimcthylamine be combined with ethyl iotiido and dine thyl-ethy lam ine with 
methyl iodide, the resulting ammonium iodides must bo identical, if the ammonium 
salts have the constitution indicated by the first of the above formulae, since they 

will both in fact consist of diniethyl-diethyl-ammonium iodide, 

sal-ammoniac and its analogues are molecular aggregates, the^componnds 4^ ^estion 
must be different, the one containing a molecule of methyl iodide, the 'other a mole- 
cule of ethyl iodide, thus : v 

K(CH»)»(C*H*) + CH*I and N(CH»)»-h Cr«H>I, 

To compare these two compounds it was necessary in the first place to prepare 
dimethyl-etnylainine. and for this purpose dimethyl amineSras subjected to the action 
of ethyl iodine. This reaction, however, yielded, not the hydiiodide of ^mcthjl-ethyl- 
amine, as might have been expected frou^ the analogous reArtion by which triethyl- 
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LRiiae 18 obtaloed 5d9), but hydriodide of dimetbylamiue and iodide of dimethsd-’ 
UtthyUams^ium, or ethicHide qf dimethyl^kyUunino : 

2N(CnT-n + 2C.H*I = N(CH.)*H.HI - [or S)?C^?!Ur 

The resulting liquid treaty with caustic potash deposited the second compound, 
nd on adding hydrochloric acid to this precipitate, to neutralise the adhering potash, 
nd mixing it with recently precipit^M silver chloride, silver iodide 'was &rmed, 
ogether with etMixhlonde of dir^tkyl^h^lamine, N(CH»)XC*H*).0*H*C1, which was 
asily Separated mm the potassium chloride by solution in cold alcohol and evapo- 
^on. 

In like manner, by heating dicthylamlno with methyl iodide, and proceed- 
ig exactly as above described, the nutMo-cklonde of diothul-metkvlamine. 

Cn*Cl, was <ibuined. 

Che t-n'o chlorides thus produced resemble ono another exactly, in every respect, 
'rested with moist silver oxide, they yield a base, the sulphate and nitrate of iraioh 
re identical in properties from whichever of the two chlorides they may bo prepaid, 
'he platinochlorides, aurochloridos, and picrates derived from the two are likewise 
lentical, and finally the two chlorides undergo exactly the same decomfiosition by 
ry distillation, being resolved into methyl chloride and metliyl-diothyl amine : 

‘ N(CU*)-(C“H»)H:1 « CH»C1 + N(CH*)(C''*I1*)*. 

It iflufit, therefore, be •oneludod that these chlorides are not really different, but 
int, whether -vt'o start from dimethylamiiie and ethyl iodide, or from diethylamino 
nd methyl iodide, the salt obtained is the same, viz., the iodide of dimethyl-dietAyl- 
fnmonium, (CH*)*(C^H*)'N.I, the nitrogen contained in it being quinquivalent and 
le compound itself not molecular but atomic ; and hence it may be infon*eil, as in the 
..ighest degree probable, that a similar constitution belongs to all the ammonium 
salts, including sal-ammoniac. These conclusions have been criticised by W. Lossen 
{Liebufe Annalen^ dxxxi. 3(i4 ; Cheat, Site, Jour, 1876, ii. 620); also by Ijadonburg. 
— See Nithogbm. 

Decompo^iition of Ammonium. SalU in Aqueoui^ Solutiqfv , — When solutions of different 
ammonium salts are boiled, a definite quantity of ammonia is lost, the amount de- 
pending, not only on the bulk aild <^>ncentratioii of the solution and quantity of 'water 
evifporated, but also on the nature of the salt. It is, thoreforo, possible to infer, 
the amount of ammonia liberated under defined con<)iLious, the nature or the quantity 
of the iimmoniacal salts present. This observation may bo applied to decide the question 
ns to whether two salt s whicfi cannot nn iuwdublo iximpouml do nevortholess 

partially decompose each other in a solution or not. ICxporimeiit shows that such 
solutions contain at salts, the relative quantitien of which depend upon the 

proportions in which the original salts were brought together. 

The effect produced by the presence of other salts on the dissociation of ammo- 
nium salts may Vie determined by comparing the amount of ammonia which escape 
from the simple solution with that libemte<l when another salt of the same acid is 
also present. At the b^Hling point the differences are very small, liut they seem to 
show that more ammonia is volatilised when the ammonium salts are boiled alone. 
At oniinary temperatures, on the other hand, more ammonia e\^aj^ate« in a given 
time from ihc mixed solution than from the simple one, and its proportion to tVie 
quantity of water 8imult>aneou8ly evaporated is also always higher (Dibbits, Pogg* 
Ann. Ergdnzungehand, vii. 462), 

ABCYXi A&COHO&flt 1 . iBopr^ma ry, — The statementa of different obaorvon 
respecting the optical proj^rtics of the amyl alcohols obtaineU from fusel oil are 
somewhat discoroant. It is commonly stateef that, by Pasteurs method, founded on 
the fractional crystalliAtion of the barium salU of the cori^sponding arnyUulphurio 
fvcids (i. 203), or by Chapin a. Smith's method of saturation with caustic alkali or 
calcium chloride, and subsequent distillation {let Suppl, 107), two amyl alcohols are 
obtained, one optically laevogyrate, the other inactive to polarised light. N. Ley, however 
{Deuijjiffk. Gee. Ber. vi. 1962). finds that, by repeated application of Pasteur's methwl, 
two Imv^yiwte amyl alcohols may be obtained of unequal rotatory power. One of th< so 
aicohola exhibited a Iwvo-rotatory power much greaiar than that of the active amyl 
alcohol obtained by previous observers,, producing a rotation of 46® in a column 60 
centimeters long, and equivalent to that of a solution of 4*7 pis. of sugar in 100 of 
water, whereas the alcohol obtained by Erlenmeyer a. Hell {Ann. Ch. Pharm. clx, 
257) exhibited^ in a column of the same length a rotation of only 28®, eouivalaat to 
that proilnced by a 2*4 t«r cent, solution of sugar, and that obuined by Le Bel 
(m/ra) had n^rly the same rototoiy power. 

The less active alxxAol obtained by Ley had a rotatorj* power ex^uivalent to that 
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of a 1*04 per cent, sugar-solution, and somewhat less than that of \he amyl alcohol 
studied by Pierre a. Puchot {2nd Suppl. 62). • 

The following table exhibits a comparison of the rotatory powers, boiling points, 
and specific gravities of the active amyl alcohols according to difierent observers : — 


Observer. 

1 

1 

SoUers apparatus. 

Tube 200 mm. 

s.i 

• 

3g 

Jli 

fF 

^ • 

Boiling- 

point. 

Spesifle 

gravity* 

m- 

Pasteur 

-20® 







127®— 128® 

• 

Pedler .... 

-17® 

— 

— 


128® 

125®— 130® 


Erlenmeyor and Hell . 

— 

— 

-23 


greater part 
at 127*6® 

> ■812 at 19* 

Pierre and Puchot 

— 

-8 

— 

1*4 ! 


*825 at 0° 

Ley (more active) 

! — 



-46 

4*7 

128® 

•808 at 16® 

„ (less active) , 

1 — 

— 

-10 

1*04 ^ 

' 131® 

•816 St 16® 


From thi| comparison, Ley infers that the two alcohols have not yet been obtained 
quite pure. 

According to Popoff {Dent, Chain. Ges, Dcr. vi. 560) commercial amyl alcohol, if 
directly subjected to fractional distillation, yields in the first portion of the distillate 
an amyl alcohol of stronger rotatory jwwer Uian the original liquid ; but, if previously 
digested with caustic alkali or calcium chloride, according to Chapman a Smith’s 
method, it no longer yields hy«fractional distillation a more active alcohol. 

J. A. Xi0 Bel {Compt. rend, lxx^ii. 1021) sep^ates optically active amyl alcohol 
from the mixed fermentation alcohols, by means of hydr 9 chloric acid, whereby the 
t inactive (or less active) alcohol is convert^ into amyl chloride before the more aefive 
alcohol. Gaseous hydrogen chloride is passed into crude amyl alcohol contained in a 
flask fitted with a reflux apparatus, and the portion boiling below 120*^ is distilled 
off from time to time. The distillate is freed from the greater part of the hydrochloric 
acid by a second distillation, then neutralised with potassium carbonate and dried ; 
the alcohol and the chloride are separated by fractional distillation ; and the alcohol 
is again treated with hydrogen chloride. By repeating Vhis series of processes till 
nine-tenths of the original mixture of alcohols is converted into chloride, an amyl 
alcohol is obtained which boils at 127^, and in a column 50 centimeters long deflects 
the plane of polarisation 22*6®. The alcohol prepared as above still, however, contained 
a small quantity of the inactive alcohol. 

Inactive amyl alcohol and its ethers have been examined by Balbtano {Giue. 
chim. ital. vi. 22P). In preparing it by Pasteur’s method, the fractional crystallisa- 
tion of the mixed barium amyl sulphates haU to be performed 18 or 20 times before 
the salt from the inactive alcohol ^presented the constant solubility at 10® of 9*7 parts 
to 100 of water. Fermentation butyl alcohol was also converted into valeric acid 
and then into amyl alcohol in the ordinary wfyy. This s^-uthetically formed alcohol 
yielded a barium anlylsulphate having precisely the same degree of solubility as that 
of the salt obtained from the inactive amyl alcohol, so that there can be but little 
doubt that the inactive alcohol is strictly homologous with fein^ntation butyl alcohol 
and has the constitution represented by the formula CH*.CH(CH*).CH®.CH^Oir). 

The pure inactive amylic alcohol is obtained from the barium salt by digesting it 
for several hours with a slight excess of dilute sulphuric acid, and then distilling, when 
the whole of the alcohol passes over with the first portivi of the distilla4«^ When 
dried it is a colourless liquid, which has jpo perceptible action ^n polarised ligflt in a 
column 40 centimeters long. It boils at 131*4® with the thermometer in the vapour, 
and under a pressure of 747 mm. (reduced to 0®). Its densitjr at 0® is 0*8238. It dis- 
solves in about 50 volumes of water at 14®, and the solution becomes milky when 
heated to 50®. Neither the pure inactive alcohol nor the crude mixture of amylie 
alcohols is altered when heated to 250® either in the dry state or m presence of 
water. * 

The amyf ckteride prepared by heating a saturated solution of hyd|ochlorio acid 
in the inacuve alcohol at 105® is an optically inactive odourless liquid, boiling at 98*0® 
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under n pressure of 738*8. Ite density at 0^ is 0*8928. bromide prepared in a 

manner precisely similar td the chloride boils at 120*4^ under a pressure of 74&'2. Its 
density at 0^ is 1*2358. Amyl acetate is a colourle88> optic^ly inactiTe liquid, prepared 
by distilling a mixture of acid amyl sulphate and dry sodium acetate. It 1 >oub at 
138*6*’ under -a pressure of 743*5, and its density at 0** is 0*8838. Amyl valerate, 
obtained together 'vHth some valeric aldehyde and traces of valeric acid, by Pierre and 
Puchot's method of oxidising the alcohol at a lov temperature by means of chromic 
acid mixture, is optically inactive. It iKttls at 190*3*’ under a pressure of 748, and 
has a specific gravity of 0*870 at 0*’. When decomposed by an alcoholic solution of 
potassium hyd^te, it yields potassium valerate, fVom ‘which the inactive valeric and 
may be obtained by distilling it with dilute sidphuric acid. When dry it boils con- 
stantly at 174-1*’, under a pressure of 723’5**. 

« Ikxtroffyrate Amyl Alco^ (?) — According to G. H. Belgnoa Bakhovon {Pogg, Ann, 
Ergdnsbd, vi. 325} a dextrogyrate alcohol is obtained by re^ieated distillation of 
commercial amyl alcohol with solid stnlium hydrate. The rotatory power of the 
original Imvogyrate liquid then steadily diminishes; the alcohol afler a while becomes 
dextrogyrate; and after ten or twelve distillations an alcohol is obtained which boils 
at 133^-134*^, and has a constant dextro-rotatory power, producing a deviation of ten 
degrees in a column 50 centimeters long, or four degrees in a column of 20 centimeters. 

These statements, however, have not l»oen confirmed by other nlmervors. Le Bel 
{Compi, rend. Ixxxii. 562), in repeating Bakhoven’s e3c|>eriments, was unable to discover 
a traeff of the dextrogyrate alcoliol, and considers it prelablo tluit the body in question 
was really a mixture of the inactive alcohol with umyl oxide, which is aoxtrogymte. 
Balbiano also {Gajft. chim, ital. vi. 402) found that inactive amyl alcohol remained 
inactive after thirty-two disti Hat ions fr<jm sodium hydrate ; and tliat the commercial 
alcohol w’ss rendered inactive by twenty-three distillations ; whereas no dextro-rotatory* 
alcohol was obtained even after forty-three distillations. By these repeated distillations 
a small quantity of amyl oxide was formed, and a corresponding quantity of water 
eliminated. 

Detection of Amyl Alcohol in presence of Ethyl Alcohol. — Al>out 5 c. c, of the alcohol 
to be examined is diluted with 0 or 7 vols. of waU-r, and 16 to 3(Mlrom of chloroform 
are added, after which the mixture is shaken and then left at rest, 'liie amyl alcohol 
will then be carried doA|;ti by tho^chloroform, and left behind after the spontaneous 
evaporation of the latter (Bettelli, Gaec. c5tm. ital, iv. 566). 

Action o/ 1 he Copper •einc Couple on Amyl Iodide . — Ordinary amyl iodide 
is not acted on by the copper-zinc couple at 100% and if the temperature l>e raised to 
its boiling point, secondary products are formed. At 145^, however, xinc-amyl iodide, 

*, is obtained as a cr^'stallino solid, together with amyl hydride (pentane), 

amylone and diamyl. On distilling the product, zinc-amyl. Zn(C*H**)*, is obtainnl, 
amounting to 20-30 per cent, of the quantity which should be Ibrraed by the decom- 
position of the compound Zn(C*H")I, together with hydrocarljoiis, from which it may 
be separated by fractional distillation. By distillation in a vacuum, the ciystalline 
compound yields about 40 pi*r cent, of the theoretical quantity of zinc-amvl. 

In presence of water or a:?ohul, the action of the couple on amyl iodide is exactly 
analogous to that which it exerts on e^yFifxlide {2nd*8u^l, 480),*^ieldiDg pentane, 
G*H*^ together with iodhydrate or iodethylate of zinc (Gladstone a. Tribe, Cnem. 8oe, 
Jour. [2], xi. 678). j 

SecoBdarj Amyl i^oobol. Diethy l^carhinol (Wagner a. Saytzoff, AnmaUn 
der Chemie, cliuv. 351). — Of the thre3 possible secondary amyl alcohols, vis. — 


ClI* 

CH» 

CH* 

CHOH 

CH* 

’ Propyl-methyl 
CaMnol.«j 


H*C CH* 

. Yn 

CHOH 

CH* 

it'^ksoprepyt-methy] 

CarUnol. 


H*CU*C 0H*CH* 

YroH 

DiirtkrKtarbliioi. 


The first two only have hitherto been known (Isf Bnppl, 1 1 11. The third is obtalnad 
by heating ethyl formate with zinc-etfiyl, and decomposing the product with water. 

The reaction between ethyl formate and rine-ethyl may be supposed to take piaee 
either in onc^stage, as represented by the equation : 


COOO»H* 


2Zn(C*H»)* - Zn<g^ + J 


0H(0*H*>» 
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or by two itagea, thus: — 

H 

(1.) I + 

COOC*H‘ 


zn<g^: 


Cfl(C*H»)(ZnOC»H») 

OC»H» 


( 2 .) 


CH(C®H«)(ZnOC*H*) 


Zn< 


cm^ 

C*H» 


# 


Zn< 


C»H» 

OC*H* 


CH(C*H»)* 

ZnOC*H» 


Tho socond view is the more probable of the two, inasmuch as the reactldh iSoba 
not exhibit tho same phenomena throughout, but begins with the conversion of 
reacting liquids into a syrupy mass, which gradually becomes solid and crystalline. 
This solidification may be regarded as second stage and end of the reaction.; for 
it is found that tho more completely the product is solidtiied, the larges ^ the quan> 
tity of diothyl-carbinol obtained on treating it with water, whereas the s ympy so^ss, 
which is the first product, yields no diethyl* carbinol when treated idth ,'^ater. 
This is in accordance with the following equations : ^ 

CH(C*H«)(ZnOC*H») CH(C*H»)tOH) 

(1.) i + 2IPO « Zn(OH)* + C“H* + | 

OC*H“ OC*H“ 

Sthylic ethyl- 
methylene glycol.# 


Zu(OH)* + cm. + 

Dlethyl-oarbinol. 

Tho intormodiiito product, ethylic cthyl-methylone glycol, has not yet been 
isolated. 

Preparation of DiethyUcarhinol . — Instead of using ready-formed zinc-othyl, it is 
better to evolve it it\ the nascebt state by the action of zinc on ethyl iodide. A 
mixture of I mol. ethyl formate and 4 mols. othyd iodide is boated in a flask with dry 
mranulated zinc and a little zinc-sodium alloy, at first gently? and afterwards at 100®, 
the reaction being considered as terminated when the product solidifies to a crystal- 
line mass. This is decomposed bpr adding it in small portions at a time to a mixture 
of ice and water ; hydrochloric acid is added to dissolve the zinc hydrate formed ; and 
the whole is distilled. In the first portions of tho distillate oily drops come over 
along with tho water: when this ceases to bo the case, the receiver should be changed 
and the socond portion collected, until the addition of solid potas.^ium carbonate no 
lunger causes the separation of any alcohol. Tho oily layer obtained from the aqueous 
solution by this moans, and consisting chiefiy of ethyl alcohol, is dried over potassium 
carbonate, the alcohol removed by distillation in the wator-bath ; and the oily residue, 
after being washed with water, is added to the oil separated from the first portion of 
tho distillate. This crude alcohol is best purified by converting it into the iodide, 
according to Butlorow’s motho^l of passing gaseous hydriodic acid into the alcohol. 

Tho iodide tiller purification may be re-converted into tho aicohol, either by 
heating it to 130® in a sealed tube with potassium hydrate, or by heating for forty- 
eight hours with lead hydrate und^en times its volume of water in a fiask fitted with 
a refiux cuuden.sor, and standing in a water-bath ; distilling the contents to dryness; 
mixing the distillate with a fresh portion of load hydrate ; nieatiug it under the same 
conditions, and repeating these operations three or four tii»es. Another method is to 
heat the iodide with a small quantity of moist silver oxide. In either case, however, 
a considerable portion of the alcohol is resolved into water and^^mylene. 

The purified alcohol is dried, first over fused potassium, carbonate, and then over 
anhydrous baryta. 

Propertufs and Rfociionjf. — Diethyl-carbinol is a viscid liquid, having the cough- 
exciting odour belonging to the amyl alcohols in general, boils at and 

has a Bp. gr. of 0 832 at 0® and 0’819 atr 16®, referred to wat^r at 0®. By careful 
oxidation with chromic acid mixture it yields, besides acetic and propionic acids, m 
ketone, which by further oxidation is also converted into acetic and propionic 

adds. 

This reaction, and the easy resolution of the alcohol into amylene i^d water; as 
when the corresponding iodide is heated with alcoholic potiwh, or with silver Mods ' 
or lead hydrate and water, shows that this alcohol is a serondary alcohol; aad'm 
composition, together wiUi that of the ketone and of the acids formw by tue oxidl^^ 
shows that it must be either propyl-methyl ?arbinol, or diethyi-carbinol. The i 
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of fogmjtMtm powte to the^latter, and it is unUkelj that any isoinaTio ohanga should 
haTe tfuBb plaM during tho reaction, since the simultaneous action of siuo«iiiethyl and 
sinc-etlTl on ethyl formate is found to yield methyl-ethyl carbinol. 

Chnitertionof Diet^l-Carbinol inf4i Propul^nuiM^l Carbinol , — The diethyl*carbinol 
was oonrerted by the action of hydrtodic acid into the corresponding iodide ; half of 
this iodide was transformed by the action of alcoholic ^tash into amylene. and this 
a^in combined with hydriodic aci^ The iodide. thus obtained, and the 

diethyl-carbinyl iodide, wore then treated with lead hydrate and water, and the result- 
ing ^^akohpls were panly converted into chlorides and partly oxidised to ketones. 
Thp two alcohols and their doriratiTes exliibited the properties shown in the foliow- 
iHk Uble 



X>rrtiw/ttvs of ViAhyl- Carbinol, 





H. p. 


Spec. 

^av. 


Iodide. 


1-628 

at 0® 

1 601 at 

20“ 

AUohol,'C‘n‘>0 

116 5^ 

0 831 

at 0® 

0-816 at 

18“ 

Chloride, C*H"C1 


0*0 1 6 

at 0® 

0 806 at 

21“ 

Ketone, C*H‘*0 

. . 104® 

0-820 

at 0® 

0-811 at 

19® 

• 

Heriua/itrs of (he Amylene, 





Be p. 


Spec 

. gmv. 


Iodide, OH»*I 

. 144®-14S® 

1*'630 

at 0® 

1-610 at 

20*» 

Alcohol. C‘H'*0 

118-6® 

0 827 

at 0® 

0-81^at 

18“ 

Chloride, C»H'»Cl 

. 103®-! 06® 

00 12 

at 0® 

0-891 at 

21“ 

Ketone, C»H'*0 

103® 

0-828 

at 0® 

0-810 at 

19“ 


The differences in tho properties of the corrcspontling compounds are but slight. 
I lilt those of thenmylene-dcrivatires agree very nearly with t hose of the propyl-mothyl- 
derivntives (U^ i>uppL l\2). The two kcUmes QxidisMl with chromic acid mixture 
yield the same products, acetic and propionic acids, as lh»‘y shauld do acconling to 
"PopofTs law (Is/ Svppl.^'iGb ; 711 )i if tho one consists of diethyl ketone 

and the other of propyl-methyl ketone, thiyi : — » 

+ o* « c*n*o« + cu'.coou 
OTP CO + o* - cr>itn)« + c«H*.cooii. 

The transformation of diethyl-cnrbinol into propyl-methyl carbinol may be ex- 
plained as follows. Diethyl -carbinyl-iodide, CIr — CH*— CUI — Cir-^ — OH*. is con- 
verted by alcoholic potash into the amylene, CIl* — CII* — CUn:Cn--OH*. Now when 
a hydrocarbon containing the group — CTI . -CH— combines with hydriodic acid, the 
io<l(ne usually attaches itself to the CU which is nesrent to one of the methyl -groups, 
as is observed in the case of hexylene from raannite. A cf^oniingly thj^mylene in ques- 
tion should bo convortiblo into the iwlide Oil* — OH* — CH*- — CHI-— OH*, wbicn is 
propyl-methyl iodide (Wagner a. Haytzeff, Liebip *9 Annalcn^ clzxix. 813). 

Tertiary ikinjl or Oimetliyl-etbyl Carbinol, ^^3|^^|g 011, is 

formed under certain circumstances, by the action of sulphuric 1u:id on amylene (see 
the next article). 

{\.) AmylentM from Fermentation Amyl Alcohol 
(Klavitxky, LUbig's Anna^/en, clxxix. 340). — a. Ordinary amylene (b. p. 86®) produced 
by the action of zinc-chloride at high temperatures on fermentation amyl alcohol, is 

usually^^^^^asgarded as iso-/^ropyl ethylene, or CH=:=:CH>, 

inasmuch as, on com Inning it with hydriodic^ acid, and decomposing the resulting iodide 
with moist silver oxide, it yields Wurtz’s amylene hydrate, which, from its products of 
oxidation, as obaenred by WurUand by Kolbe (acetic acid, acetone, and isopropyl- 
methyl ketone), has bera supposed to be a secondary alcohol, namely, iooprop/ylr^ 

mt^learhanA, CHOH— CH* (1*' 112). 

tiSfi Tinr of Ha eouadiation haa hoireTer lieen called in qneetion hf FlaTttafcy 
. Anmalm, clxxix. 340), who Bndii that amylene hydrate (prepsjrsd hf the 

asfl ofi of Bulpbaric action ordinary amylene, and boiling at 102*3®), wnen gniaitally 
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oxidi8«d by a solution of chromic anhydride in acetic acid,^BO as to avoid all energetic 
action (which might further oxidise any ketones that were formed)^ yields amylene 
distilling over below 40^, and acetone between 40^ and 60^« but not a trace of methyl- 
isopropyl ketonCj the portion of the liquid which distilled between 60^ and 100^ 
consisting almost wholly of unaltered amylene hydrate. 

The non-forroation of methyl-isopropyl ketone by oxidation of amylene hydrate 
does away with the only proof that this alcohol is methyl-isopropvl carbinol, inasmuch 
as a tertiary amyl alcohol, viz. dimethyl-ethyl COTbinol» would yield by oxidation acetic 
acid and probably also acetone. ^ 

Neither is the amyUne-glycol (b. p. 170®) which Wurtiz obtained by the action of 
silver acetate on the dibromido of ordinary amylene, a methyl-isopropyl compound ; 
for when oxidised by dilute nitric acid it is converted in butylactlc or a-oxyisobutyric 

acid, — COOH{ls^ Sup^pl. ^91); consequentfy this glycol must have th» 

structure — CHOH — CH*, its oxidation to butylactic acid being represented 

by the equation : 

^>OOH— CHOH— CH* + O" = gJ^COH— COOH + CO» + 2H*0. 

Ordinfiry amylene from which this alcohol is derived must therefore be trim^thyl- 
ethylene, CH— CU». 

i3. An amylene boiling at 25® is formed, together with ethyl-amyl oxide, by the 
action of alcoholic potash on the iodide obtained by treating fermentation amyl alcohol 
(active or inactive) with hydriodic acid. The amylene is separated by washing the 
product with water, drying over calcium chloride, and rectifying several times over 
sodium. It unites with bromine at ordinary temperatures, forming a bromide, 
C*II^®Br®, boiling at 186®-190® ; when heated with fuming hydrochloric acid, it yields 
a hydrochloride, C*H*®.UC1, boiling at 85®--86®, and when it is well coole<l and a 
stream of chlorine is passed thftjugh it, a product is formed which boils for tlio most 
part at 140®. Heated with fuming hydriodic acid^ in ^sealed tubes placed in a water- 
bath, it is converted into a hydriodido, boiling at lfi9®-130® ; this compound 

treated with dry silver acetate, added by siiall portions, is converted into the corre- 
sponding acetate, boiling at 124®-126® ; and by saponifying this com- 

pound with strong aqueous potash, the corres|wnding amyl alcdhol or amylene mono- 
hydrate, C^H"*.H(OH), is obtained, ns a liquid having the smell and taste of the 
alcohol obtained from ordinary amylene and boiling at 103®-1()4®. 

This amylene when gradually oxidised by a mixture of potassium dichromate and 
sulphuric acid yields the same products as ordinary anfyiene, viz. acetic acid and 
acetone, but no methyl-isopropyl ketone. Moreover the monatomic derivatives of the 
two amylenes are identical in physical properties, ns the following table will show : — 



Alcohol. 

« B, p. 

Iodide. 
r»- P- 

Chloride. 

B. p. 

Acetate. | 

B. p. 

From Amylene, b. p, 25*^ . 

103®-104° 

129®-130® 

86® 

!24®-124*6® 

,f ,* I, 30® . 

105® 

130® 

86® (Berthelot) 
90® (.Wurtz) 

125® 


Sp.frr. 

Sp. gr. 

Sp. gr. 

Sp. gr. 

From Amylene, b. p. 25® . 

0-826 

1'521 

^0-891 



.> „ 36® . 

1 0-826 

1*522 

— 

— 


Nevertheless the two amylenes cannot be identical, inasmuch as they differ in their 
boiling points by ten degrees. Moreover the amylene boiling at 25® yields glycol 
differing in all its properties from that which is obtained from ordinary amylene. 
This glyool was prepared by combining the amylene with bromine, heating the result- 
ing dibromide with silver acetate and glacial acetic acid at the heat of the water-bath, 
and decomposing the resulting di-acetate with dry potassium hydrate or baryta. 
The glyool thus obtained is a transparent, colourless, thiek liquid, having no. smell, 
but a burning bitter taste, miscible in all proportions with water, easily soluble in 
alcohol and ether. It boils at 206® (ordinary amylene-glycol at 177®), and has a sp. 
gr. of O' 0987 at 0®, 0 9843 at 21*5® (ordina^ amylene-glycol, 0*987 at 0*^). 

This glycol is converted by oxidation with dilute nitric aefd {2 parts strong add 
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and Uitoe parts water) into a^ozyisoTalerio acid {2iid SuppL 8B5), and cones* 
quontlj most hare the structoier of iao propria tTed ethene<^ljeol; thiis: 


H*C CH* 

Yh 


inoH 

IsopropyUtod 

ethylene-glyooL 


jijlds by oaddation 


H*C CIP 

Yn 


OHOH 
<^OOH 

a-OxyisoT«l«ric add. 


^ He] 

le> 


Hence it follows that the smylene boiling at 25*^ is isopropyl-ethetis» 
CH— CHrrCH*. 


When this amylene is combined with hydriodic acid, and the resulting hydri- 
odide is decomposed by alcoholic |M)tash, an amylene is obtaineil Imiling at 36^. 
and j^oeing in every respect with ordinary amylene or Irimetliybethene. Here, 
then, it is evident that the iodine is removed from the compiund, in combination with 
an atom of hydrogen difTereiit from that with which it luid combi ikxI ; thus: — 



(CU*)“ 

(cn*)* 

0 

CM 

- HI « n 

CHI 

OH 

C1I*H 

CH» 


Isopropyl-ethene hydriodido. Trtmettiyl-ethene. 


This conversion of an amylene having a structure analogous to that of a secondary 
alcohol into another constituted similarly to a tertiary alcohol, is an example of a law 
which appears to be general, viz. tliat> tn the formation of ftytfrtvarbons of (hs ethone 
sorUs, th^e is a tendency to the productioth of those modifeations which contain the 
7naximu7n number of methrjl-grtmps. 

Other examples of ♦his law are afforded by the transformations of the butyl 
alcohols observed by Linnemanii {2nd SuppL 217* 219) ; the c'onvorsion of isobutyf 
bromide by heating to 2:^0^^ 240‘*, into triniothyl-carbinyl bromide, observed by 
Kltekoff {Dcut. Chem. Ges, Her. vi. 268), the formation of triniethybetbene from 
eihvl-dimethyl carbinol, observed by Krmolaiew (fWd, 64), and that of the heptone, 
JrCUGH{CH*y 

C~CH* , from dimothyl-isobutyl carbinol, observed by Butlerow {JAehifi 

\CH* 

Annalen, clxii. 189). This tendency to the multiplication of methyl-groups in an 
cthono-molecule is probably duo to the fact that methyl- is the most stable compound 
of carbon and hydrogen tlmt cun enter into a compjund of the fiitty series. To the 
same cause may perhaps l)e attributed the fuel that the normal compounds of the 
fatty series, which contain the :niniraum number of methyl-grt^ups, are the most difR- 
cult of all to produce synthetically. Ethe.io itself c^in ba^ly be 'considered an ex- 
ception in this respect, inasmuch as it belongs to a peculiar type analogous to 
benzene. 

The following hydrocarbons, to judge from their boiling points, are probably also 
identical with ordinary amylene : 

1. Obtained by the action of zinc- amalgam on ordinary amyl iodide (Frankland^ 

Chem, Soe, Journal, iii. 36, 44). 

2. By the dry dii-tjjjjllation of sodium amylato (Mcndelejeff, Jjekrb, d, org, Chem, 
1863,396). 

3. By dehydration of 'ethyl-amyl oxide with phosphoric anhydride (riavitzky, 
Lidt, Ann, clxix. 206). 

Actwrv>f Sulphuric Acid on Amylene. — When dilute sulphuric acid of sp. gr. 1*67 et 
20® vol., to^ Tol, water) is gradually mixed in a vessel cooled by a freacing 

mixture with ordinary amylene, an amyl alcohol is obtained, in the form of a coloor- 
less liquid, smelling like camphor andXittor almond oil, solidifying at — 30®, boiling 
at 96®-97®, and yielding an iodide which boils at 11 6®- 120®; identical, therefore, , 
with dimethyl-ethyl carbinol (Isf Suppl. 116). When, on the other hand, sul- 
phuric acid o# sp. gr. 1*646 at 20® (2 pts. ty weight of to 1 pt. of water), is 

used instead of the stroni^r acid, an alcohol is formed which remains liquid at — 80®, 
boils at 102®9l06®, and yields an iodide boiling at 126-127®. These are nearly the 
properties of m e thyl if opropyl-carbiqol {Aid. 113). Bence it appears tlu^ the 
action of sulphuric acid on amylene may give rise, either to a secondary or to a 
3rd Sap, G 
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tertiary alcohol, aiscoiding to the oonc6ntarati<^ of the add wd (Oanpoff, Thvt. Cktm, 
GeB, Ar, viii. 542, 1240). CJompare FlavitzW (2#^ 64). - - , 

When the amylene which bous at 26® is dissolved io sulphtinc acid, part of it be- 
comes polymerised to diamylene, identical with that which is obtained in like manner 
from ordinary amylene (Flavitzky, Deut. Chem. Ges, JBer, viii. 767). 

On the Decomposition of Amylene Bromide by the Gopper-mnc Couple, see 
OLSniTES. • 

(2.) Amylene from Diethyl-C arhinol iWagner a. Saytzeff, Lieh, Ann, dzxix. 
302). — This amylene (b. p. 36®) is easily formed by heating diethyl-carbinyl iodide' with 
alcoholic potash, or with silver oxide, or lead oxide and water (p. 78). The bromide^ 
formed by pouring bromine in a fine stream into the amylene contained in a fiask sui- 
roimded by cold water, is a colourless liqmd having a sweetish taste, and boiling with 
partial decomjwsition at 178®, under a barometric prefsure of 768*8 mm. at 0^ 
(bromide of ordinary amylene boils at 170®-176®; that of ethyl-allyl at 176®; that 
of isopropyl-ethene at 176®-180®) ; its specific gravity is 1*7087 at 0®, 1*6868 at 14® 
(compart with water at 0®); expansion coefficient for 1® between 0® and 
14® = 0*00093. 

The corresponding glycol^ prepared by decomposing the bromide with silver 
acetate and glacial Motic acid, and heating the resulting acetate with caustic baryta 
and water, is a viscid syrupy liquid, having a burning rather bitter taste, but no smell. 

It boils at 187*6®, under a pressure of 769*9 mm. at 0® (T^^tz’s amyl-glycol boils at 
177®, Flavitzky*a at 206®). Its specific gravity is 0*9946 at 0®, 0*9800 at 19® (compared 
with water at 0®). By oxidation with nitric acid, it is converted into a-oxybuty ri c 
acid (la^ 891), formic acid and carbon dioxide, together with acetic and 

glycollic acids. The formation of a-oxybutyric acid, CH* — CH® — CHOH — COOH, 
shows that the glycol and the amylene from which it is derived have the structure 
represented by the following formulae : — 


CH» 

CH* 

CK 

Hh 

OH* 

Amylene. 


CH» 

CH» 

CHOH 

*^CROH 

CH* 

Qlyool. 


CH(CH*CH*), 

The amylene from diethyl -carbinol is therefore methyl-ethyl-cthene,jj 

CH(CH») 

and its formation completes the group of the four possible amylenes, whoso formulae 
are given in the 27id Siippleinent^ p. 64, the other threj being Wurtz’s etliyl-allyl, 
analogous in structure to normal amyl alcohol; isopropyl-etheno, analogous to 
fermentation amyl alcohol ; and trimethyl-ethene, analogous to methyl-isopropyl 
carbinol. 


Axnmvm o&YcoXiS, or Afirri* o&yco&b, » C*H^*(OH)*. 

Throe of these impounds are known, viZ;^ 

(1.) That obtained by Wurtz from ordinary amylene or trimethyl-ethene (i. 208). 
(2.) That obtained by Flavitzky from isopropyl-ethene (p. 80). 

(3.) That obtained by WagnOv a. SaytzeiT Ftom mothyl-othyl-ethene {supra). 

The following is a comparative view of their formuls and boiling points : — 



(2) 

H»C CH* 

^H» 

1 

1 “» 

1 

CHOH 

CHOH 

CHOH 

Ah* 

in'OH 

• 

ilnsoH 

1 



CH* 

B.p. 177®. 

B.b.206®. 

B.p. 187*5®. 


The amylene-glycol derived from normal amylene or ethyl-allyl has not yet been 
obtained. c 

AJtmMMinr. Soluble Starch. See Stabch. '' 
AmiMSnrBVXiraoXBnZBX* See OxTsrxPEOBsannox. 
Aam-MOSBSZmB. See FHOSPHUtiES. 
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Analysis. 8s 

•l%6 nut* of Amaeitdimm oHmtaie oratmia n Mu ftk UJUj 
wmoh mixes resdUy with m^ted wax, stearin, paiafl&n, dco., and is used m 
giving a black colour to candle* (Bbttger, Din^/, poi. J. ocfr. 490). 

M M M X WmXMrn ProximtUg Analygit — Fouqui {OompL fsnd. Ixxvi. 

1080> has given a method of proumata mineral analysis depending on the successive 
use of a magnet and of hydronuoiio ^d. The minei^ is reduced to a coarse powder, 
from which an electromagnet, excil^ by 6-8 Banson*s elements, removes all ths 
ferm^nous particles, a white powder remaining behind, which contains nothing 
but. the felspathic constituents of the mineral. Strong hydrofluoric acid may be 
Employed to remove the felspathic and vitreous constituents, a powder than re- 
maintng, which consists of crystals of pyroxene, peridote, spbene, and oxides of iron, 
the latter of which mav be i^moved by a weak magnet. The crystals of pyroxene and 
p^dote are sufficiently dittbrent in colour to allow of an easy separation with the 
aia of a magnifying glass. 

New forms of apparatus for use in quantitative analysis are described by 
A. Gawalowski {Zeiischr, Atud. Chrm, xii. 181 ; Chtm. Jour. [2], xii. 287)< 

Modifications of the ap(>aratu8 fur Klementary Organic Analysis, by J« 
Lowe {Zritsckr. Anal. Chem. xi. 403 ; Chrm. Soc, Jour. [2T. xi. 1087). Apparatus 
fop Technical Oas-analysis, by C. Winckler {J. pr. Chrm, [21, vi. 801 ; Chem^ 
Soo. tj^r. [2], xi. 651). 

Errors in the ultvnaU Analysis of Oryania Bodies. — G. S. Johnson {Chem. Soo. 
J&ur. 1876, i- 178) has drawn attention to two possible sources of error in organic 
unnlysis: ^1.) From Uio presouco of nitrite in the potash-solution used for absorbing 
the carbonic acid. In most organic analyses, as now conducted, a strSUm of oxygen 
more or less abundant is passed through the potash-bulbs ; and if the liquid in these 
bulbs contains potassium nitrite, this salt will absorb oxygen and be converted into 
nitrate, and consequently Gio weight of Uie bullm will be increased. 

(2.) Tlio copper reduced by hydrogen for decomposing the nitrogen oxides evolved 
in the combustion of ozotisetl orj^nic b«>dios, sonietimos occludes hyfirogen. Now, at 
the commencement of a combustion, either with lejul chromate or copper oxide, the 
copper becomes blackenci on thft surface from oxidation ; but as the temperature 
rinses, the occluded hydregon is set free, and reduces the film of oxide on the surface^ 
forming water wliich piissos over into the 'hloride of calcium tul>o : hence the weight 
of this tube may Ik? increased by water not duo to the combustion of hydrogen in the 
substance under analysis. 

Volumetric Analysis. Use of Permaiiyanate . — Potassium permanganate is 
perhapu the most delicate reagent that can be used in volumetric analysis, Imt its ap- 
plication is eoroetimes interfered with by the production of coloured compounds, which 
obscure the exact point of peroxidation. Hucli is the case when iron is present as 
ferrous chloride, tlio yellow colour of the rctsulting ferric chloride presenting a great 
obstacle to the exact determination of the limit of the reaction, to such an extent 
indeed that the use of pormangamite in the nnalysiH of iron ores lias been almost 
superseded by that of potassium dichromato. It has lately, however, lieon shown by 
K, A. Parnell {Chem. 8oc. Jour. [2J, xiii. T?) that the difficulty ab*-/e mentioned in 
the application of permanganate to the analysis of iron ciimjfounds may bo completely 
obviated by the use of artificial light. View'ed by candle-light reflected from awhile 
ground, the colour of ferric chloride is so greatly rcdticod, that a solution containing 
nl>out 3 pU. ferric chlorid%(or I pt. iron) in 400 pts. water is almost colourless. For 
further oetails respecting the use of permanganate in the. analysis of iron ores, see 
Irox, Estimxtiok of. 

Indtcaiars for the Wiiration of Acids and Alkalis. — 1. Alitarin. — According to 
E. Schaal {D^t, Chem. Cr«. Ber^ vi. 1180) alixarin is a much more delicate test for 
acids and alkalis than litmus, being capable of detecting 1 part of alkali in 300,000, 
and exhibiting in neutral solutions a distinct yellow colour with 0*0007 pt. of fajdro- 
chloric^*^d. To prepare«Jie test-solution, an excess of alixarin, together with a dr^ 
of pilenol (to preservt the alixarin from decomposition), is dissolved at boiling heat in 
potash-ley, and the liquid when cold is filtei^ from undissolved alixarin. The reaction 
is the most delicate when the alisarimsolution is first supersaturated with acid and 
then titrated back with alkali. The neutralisation of the odd is complete as ayoa a* 
the yellow changes to rose-colour, the smallest trace of free alkali being sufficient to 
produce this^ect. 

When a solution of sflbarin in distilled water is dropped into spring water and 
warmed, th^water becomes red, showing that it is alkaline, and the amount of a l kali 
may be determined wilfcout previous conc|ntration. 

Strips of paper coloured, on the one band, with an alcoholic solution of alizarin, 

o 2 
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and, on tho other, with the above-described neutral solution, may be used for testing 
instead of red and blue litmus-paper. 

2. Thenol^phthalein , — This body, which is easily prepared by heating phenol 
with pht^lic anhydride and sulphuric acid, is perfectly colourless in a dilute aqueous 
solution, neutral or acidulated, but assumes a deep purple colour on addition of the 
slightest excess of alkali. One part of phenol-j^thaloin in 100,000 parts of water is 
turned red by the smallest trace of alkali, ancr the coloration is destroyed by the 
slightest excess of acid. The indicator is prepared by dissolving 1 part of phenol- 
phthalein in 30 parts of alcohol, and of this solution 1 or 2 drops (not more) are 
added to 80-100 c.c. of the liquid to he tested. (£. Luck, Zeitschr. Anal, Chem, xri. 332). 

3. Logwood. — F. Stolba {Dingl. pol, J, ccxvi. 627) recommen^ logwood as an 
indicator ni volumetric analysis in place 6f litmus. ^ The Jogwood is added in small 
chips, and the operation must be carried out in boiling liquids. The slightest exce^ 
of acid changes the colour of an alkaline liquid coloured with logwood from red^'to 
yellowish green : conversely, the slightest excess of alkali restores the red colour. 
For organic acids, however, litmus gives bettor results. The reaction with logwood 
is quite distinct by gas-light. 

Chlorine may be voluraetrically determined in the same liquid which has served 
for the determination of the alkali, if only a very small splinter of logwood has been 
used, and the titration has been effected with nitric acid. 

JLK'SBSZM’. Specimens of this sodio-calcic felspar from Vesuvius, from Monte 
Mulatto, near Predazzo, and from Orenberg in the Ural, have been described and 
analysed by Q. vom Bath (2nd Suppl, 512, 613). 

A.iri>B8£TS. On the Quartziforous Andesites in Hungary and Transylvania, 
see Doelte {Jahrhuch f. Mineralogies 1873, 772). On Andesite containing ‘Augito and 
Hornblende from Toplitia, near Gydrgy St. Mikloa in Transylvania, see K. John 
{pyid. 187J, 845 ; Chem. Soc. Jour, [2], xiii. 550). 

A mineral from Cornwall, occurring in globular and occasion- 
ally discoid forms, having a rndiated structure like that of wavellite, and a dark 
green colour, with a somewhat glaucous CJist ; streak green ; hardness = 4 ; sp. gr. 
= 3-478. 

An analysis (by Flight) of androwsite, freed as completely as possible from a 
brown mineral forming the nucleus of the globules^ gave 

Fo*0* A1*0» FeO CuO P*0» H*0 MnO CaO BiO* 

44-64 0'92 7-11 10*80 26*09 879 0-60 0*09 0*49 = 99-59 

which may be represented by the formula : 

2(2Fo«P«O®.Fe«H’'0^) + 3CuH*0^ or 2(2Fe-0*.P«0» + Fp* 0».H*0) + 3(CuO.H*0), 

supposing the sample analysed to have contained about one-third of an equivalent of 
limonito, an<l a small amount of silica proceeding from admixed veinstone. 

Androwsite in man^ respects resembles dufrenito, Fe®P’^0*.F6*H*0*, but differs 
from it in containing a considerable quantity of copper. 

The globules of andrewsit^ are occasionally studded with brighter green ciystals 
ofchalcosid oVi t e, which sometimes also encrusts the andrewsite with a thin surface 
layer. The interior of the globules is sometimes nearly homogeneous throughout, 
consisting of radiating crystallin* fibres or minute prisms, but they more frequently 
contain a core of a brown mineral much resembling xanthosiderite, and giving by 
analysis — 

Fe'O* ■ H*0 SIO* CaO CuO 

73*92 12-28 7*86 1*48 4*31 trace 99*84. 

Begarding the first three ingredients os the true constiv lents of the mineral, 
and & small amount (about ^ mol.) of ferric oxide as farming ferruginous quartz 
with the silipja, the preceding numbers may be represented by the formula 
Fo*P®0* + 2Fe*iPO*+ Fe*n*0® or a mol. of ferric orthophosphate associated with 
2 mol. goethite and 1 mol. limonite. 

The variation in character presented by the interior of th'- globules containing 
this brown core seems to have resulted from a decomposition proceeding from the 
interior outwards. In this case the spherical andrewsite is often associated with 
crystals of cuprite, and deposited uwn sprigs of native copper, round which, as a 
nucleus, it seems to have been formed. 

The veinstone on which andrewsite occurs is a highly ferruginous quMlz, generally 
covered with limonito, which again is frequently encrusted with a thin coating of 
velvety gosthlto (Maskolyne, CMm, Soc, Jour, [2], xiii. 586). 

JLlTBTSOXit 0'®H'^0. The following derivatives of anet'aol have been prepared 
and examined by Landolph {Compt. rend, Ixxxi. 97 ; Ixxxii. 226). 
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« 

Anethol Jffydride or Anise Camphor, — Commercial aniso-oi] yielde, after 

several rectifications^ about 90 per cent, of pure anethol boiling at 226^, To transform 
this substance into anisaldehyde, about 60 grama of it are TOiled for an hour with 
300 grams of nitric acid of 13® B., and the product washed, first with water, then 
with dilute soda. The oily body thus obtained amounts, when distilled, to about 20 
per cent, of the anethol employed, and is a mixture of anisaldohyde and anise 
camphor, in about equal proportions.''' This is agihitedwith sodium-hydrogen sul()hitd, 
and the crystalline body prc^uced is washed with mixed alcohol and otlier till it is 
perfectly white. 

^ The portion of the oily body uncombined, obtained from the alcohol and ether 
washings, yiolils, when purified by distillation, a product lioiling at 190®- 193®, of 
camphorous odour, liquid, and lighter than water. This is anethol hydride, or aniso- 
v^mphor, isomeric with common laurel-camphor. When oxidistnl with potassium 
hiohromato and sulphuric acid, it yields an acid which crystallises in long neodlos, 
molting at and exhibiting the properties of anisic acid. 

The formation of anisaldehyde and anise-campbor from anethol is represented 
by the equation : 

2C>®H'"0 + 211*0 + O - + C*U"0» + 0*11*0®, 

the oxidation being attended with fixation of water. 

WJien anethol hydride is heated in a closed vessel to 186® for twenty -four hours 
with alooholio potash of lO® B., the product treatoii with water, and the insoluble 
portion taken up with ether, a viscid, porfoctly limpid liquid is obtained, having the 
composition C*®H**0, which is that of a campholic alcohol isomeric with Borneo 
camphor. This substance has a very characteristic odour resembling tha^f mould. It 
is lighter than water, boils at 198®, and crystalliseB easily at 0® in slender radiate 
needles, melting at 18®-19®. It is not dissolved by potash. 

Produata of Condensatum , — The essential oil, in portions of 4 to 6 grams, is heated 
to 185® for eighteen hours with alcoholic potash of 10® B., the alcohol removed by 
distillation, and the residue treated with water. The anethol unacted upon is removed 
by other; and the aqueous solutionis treated with fiydn^chloric acid end ©xlToctod 
with ether, which is then ovajsiratod off, and the residue distilled in the vajKiup of 
w’atcr. One product, wl^-ch is crystiillisabic, poswMi into the receiver ; anotlicr, which 
is resinous, remains in the retort. The f<r*iijer isoasily soluble in alc-ohol, other, nmf 
Ix'nzono. which, on evaporation, leave it as a heiivy oil ; and sliglttJy soluble in hot 
watop, which, about thirty-six hours after cooling, deposits it in monoditiic plates, 
melting at 87‘^i and having the composition C**]l'*0*, which is that of an isomerido 
of the ethylic etlier of anisic alcohol. 

The acftyl-derimtive of this comp<jund isoasily obtained by beating it 100® for 
SIX hours with acetic nnhydHdo. It is viscid and easily decomposed by heat . Its eom- 
]x>sition is represented by the formula which is that of a diacotic other of 

u dijphonol. 

The resinous body which accompanies the crystallina substAuco above-mentioned 
always forms at li*ast onc-balf of the entire product, and if the action be prolonged, 
and especially if the concentraJon of the alcoholic potash be inqrnased, may even 
constitute the sole product of the reaction. It molts at 65®, and hM the composition 
C**H**0®. Hoat-edf with acetic anhydride it is converted into a monacetic ether, 
OP C»H“(C®H»0)0®. It has a yollowit’vrod colour, yields a nearly white 
powder, has a very pleasant odour, and molts at about 40®. 

Action of Phosphorus ^entachloridi on Anethol, — When anethol is boated for five 
or six hours with a slight fiacoss of phosphorus x>entach1oride, a reaction takes place, 
attended with only a alight evolution of hydrochloric acid ; but on subsequently beating 
the liquid over an op.:h fire, torrents of that gas are given ofT, and a liquid is obtaiiim 
which, after repeated rect^cation and washing with dilute soda-loy, has the comtxwi- 
tion of monochloranothol, C'*H"C1C) : 

C>*H«0 + pa® = PCI® + HQ -I- 0*®H"CIO. 

This 'compound boils ftt 228^-230®, bums ifith a smoky flame, has a pungent though 
moderately agreeable odour. 8p. gr. «1’X91 at 20® (that of anethol at the same 
temperature is 0'084). Exposed to freezing mixture, it solidifies to a crystalline 
mass wlrich melts at — 4® to — 3®. 

Monochloranethol is readily attacked by alcoholic potash, yielding two products of 
condensation^nalt^us to those which are^ obtained with anethol itself. The chief 
product, insoluble in water and in potash, is a limpid, slightlv oily liouid, having a 
very agreeab^, ethereal, though slightly musty odour, like that of tna pocoduet of 
transformation of anethol hydride. It Mis at 268®~270®, and does not solidify at 
^35®. Its compoeition is represented by the formula C'*H*®0®. 
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The second condensation-product, soluble in potash, is a Hquid phenol Tery difficult 
to purify, and yielding a solid potassium salt. The first-mentioned condensation-pro- 
duct is completely transformed into the phenol by repeated treatment with alcoholic 
potash. 

Products of Peductiont Constitution of Amthol, — To obtain the hydrocarbons 

corresponding with the chief radicles in anethol, Landolph heated it with amorphous 
phosphorus and hydriodic acid of sp. gr. 1*72 to 260^ for twenty-four hours (3 parts 
anethol, 2 of phosphorus, and 25 of hydriodic acid). In this way, from 80 grams of 
pure crystallisable anetbol distilling at 228®-230®, there were obtained 40 of a hydro- 
carbon distilling at 60^-260^, and 10 passing oyer at above 300®, after washing withi 
dilute sulphurous acid to separate free iodine. By fractional distillation an 
octene and a hydrocarbon of composition 0^*11“ were separated from the former portion, 
boiling respectively at about 160® and210®~212®, after separation of traces of benzene 
by means of cold fuming nitric acid, and reduction of the resulting nitro-compounfis 
with tin and hydrochloric acid. The octone had the vapour-density 3*91, calculated 
3*67, whilst the other hydrocarbon gave 5*70, calculated 5*73. 

The unsaturated hydrocarbon, combined directly with bromine, and was 

present to the extent of rather more than one-third of the total hydrocarbons formed 
during the reduction, the octene forming about one-third. The gas liberated was 
almost pure hydrogen, containing not more than two or three per cent, of a hydro- 
carbon, probably benzene or hexene, or possibly ethane or methane. t 

The cluof action of hydriodic acid on anethol may therefore be represented by the 
equation ; 

2C“'H»^0 + 9H* = C’H*® -r + 2H*0. 

Hence Landolph concludes that the formula of anethol should be doubled (not- 
withstanding its vapour-density, which corresponds with the C*® formula), and that 
the body may be regarded as formed from a hypothetical aldehyde (acecamplioHc 
aldehyde), C**H*®0, which is itself derived from the unknown acetylene oxide, C*H^O, 
and campholic aldehyde, by elimination of H*0. By union with anisic 

alcohol, and elimination of this hypothetical acecampholic aldehyde 

gives rise to anethol, thus — » 

C®H‘®0» + C‘»H‘®0 « H*0 + C^®H» 0» 

Anethol is thus regarded as a kind of acetal: this view of its constitution is in 
harmony with the results above described, whereby it was shown that, on oxidising 
anethol by nitric acid, there are obtained equal quantities of anisic aldehyde, 
and anisic camphor, C*®H*®0, with a certain amount of acetic acid; t.c., it is made up 
of a C®, a O’”, and a C® compound (Landolph, Compt, rend, Ixxxii. 849). 

XH— OH® * 

AXmKLitO ACZSt G®H®0^ » I (Domarcay, Compt. rend, 

\CH— COOH 

Ixxx. 1400). This acid, treated with bromine, is converted into a dibromido, 
0®H*Br®0*, isomeric with dibromovaleric acid, the solution of which in potash deposits 
when heat^ an oil having thet composition. of monobromobutylene, C®lvBr (Is^ auppl, 
157)» and sometimes, under conditions not yet determined, gives rise to tfie production 
of an acid isomeric with angelic acid, which is more easily prepared by distilling the 
dibromido of angelic acid. This d^tillation yields a la]^e quantity of gas, and an oil 
which sometimes solidifies in crystals ; and on dissolving this oil in potash, heating 
it to the boiling poiqt, separating it from a sniall quantity of a brominated liquid, 
and treating it with sulphuric acid, the above-mentioned ifomerido of angelic acid is 
deposited as an oil which quickly crystallises. The crystels, purified by distillation 
and by repeated pressure between bibulous paper, are CQlourlei:(, have a faint odour 
xecalung that of angelic acid, dissolve very sparingly in ^Id water, more freely in 
boiling water, the solution on cooling depositing the acid in a mass of small shining 
nee^es. This acid melts at 61®-62®, and boils at about 194®-106®, but the boiling 
point rises a little towards the end. Its ethylie ether boils at 153®-165®, a 

sweet smell like that of angelic ether. * ^ 

In all these characters, except the odour of the ether, the acid in question agrees 
with Franklaud^s methyl -crotonic acid (Is^ Suppl, 828), and its identic with that 
acid is shown by the fact that, when fused with ]^tas8ium hydrkte, it is resolved into 
aeetio Mid prcmionic acids. The repulsive odour ascribed by Frankland to the ethylie 
ether of methyl-crotonic acid may perhaps have arisen from a trace of th^hosphorous 
chloride which he used in nreparing it. 

The dibromide of methyl-crotonic acid is identical with that of angelic acid (the 
former was found to boil between 79® and fl2® ; the latter between 77® and .80®), the 
two acids yielding the same products by solution in potash and by dry distillation. 
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This idsniitj may ho explained bj supposing that bromine, in acting upon angelie 
first takes the place of an atom of hydroron situated near the noup COOH (as 
it^ does in many other casea^ and that the hydrobromic acid thereby formed unties 
with the resulting monobrominated acid, Utus — 


~CH* 


““<Ih-oo«h 


Angelio 

Bcid. 


y\ja 


CH-CH* 


CHBp-CH* 


Br— d<>H 
MonoUnimangelio 
ikciU. 


H»C— isr— CO’H 
Dibromlita of ontrellc or 
of Methyl-crotonic adiS. 


H«C- 


OH— CH» 

.1 


~CO»H 


Methyl-orotouio 
acid. 


AWOXiBSlTX. Natiit Lead Sulphate , — This mineral occurs associated with 
li^lena in the Castle Dome district of Arizona (U.S.) The iinoxidised galena some- 
uiixaeB forms a nucleus, but in other cases it has entirely disnpiioarod, the anglosito 
being arranged in continuous elliptical or circular bands similar to those somolimos 
seen in agate. The transition in colour, due to the progressive oxidation, from Iho 
central black galena to the greyish-white or colourless and transparent anglosite, is 
often rei^ ^n^ual. The sp. gr. of the light variety is about 6, while in some of the 
dark vaneties it is 6*44. Hardness — 3. Analysis showed that a sp^imen might Iw 
dark and yot contain but 0 2 per cent, loss lead sulphate than the light varioty, the 
mean amount being 98*83 per cent. The difference in colour is duo to the remaining 
1 p«r^^ent., which in the diirk sp^imons is made up almost entirely of lead sulphide, 
while in the light variot/'it is cniofly clay. The anglceite contains only half as much 
silver as the galena (Brush, SitL Am. J, [3], v. 421). 

Anglesite is also found at Langenstri^s, sometimes in imperfectly doroloped 
crystals, sometimes in fine crystals exhibiting three distinct t^ea. 'IJie commonest 
forms are horizontally prismatic crystals of the combination \ Pco .oo V. The crystals 
of the second type are pyramidal throogh P and an iicut«»r pyramid, probably 2P; 
these pyramids occur either independently or else in combination with the prism co P* 
The crystals of the third type are the largest and finest ; they are prismatic parallel 
to tho vertical axis, and exhibit the combination oo V . oo P2 . oc Poo . P oo . OP. (Frenzel, 
Jahrh.f. Min, 1875, 686), 

AJTOVSTinulL MAMM.* V^Tion thin transverse soclious of true Angustnra 
lx.»-rk {Cusparia /eMJitpa) are examinetl under the microscope, and compared with 
sections of the false bark (from a sjxHiics of Sirychnoji), l.K>th being moistened with 
glycerin, irregularly scatten'd cells will be observed in tho true bark, whereas tho 
false bark presents two zones of scl erogenous cells, entangled with erne another. Vniou 
tho sections are moistened with water, cells containing calcium oxalate are seen in 
the true bark, but they arc absent in the false bark. When true Angustura bark is 
moistened with nitric acid, a gninular substance, supposed to bo cufparin, melts in 
each cell, with disengagement of gas, info a red liquiil, which finally disappetirs with 
excess of acid ; but in tho false btark the coloration spretuls through the tissue. 

When a thin section of the suberoas layer of futso Angustnra bark, first treated 
with nitric acid, is immersed in glycerin, tho cells are observed to bo rounded, empty, 
and coloured emerald-green on tho sides ; this appearance is not olwerved in tbe suber 
of true Angustura berk (P, Cazenenve, Pitarm. J, 7Vrtn^. [3], v. 7).r»' 

AJmzaTB. See AMiiKi-BKNZiofK, under Bkmzkhk. 


AMTLtMM OOXiOUltS. Estimation by mians of Sodium Ht/potnUphite , — 
When an aqueous solutioi^f magenta or other anilino colour is mixed with a solution 
of sodium hyposulphite (Scbutzcnbergftr's hydrosulphiU, \nt Suppl, 1063), tho anilino 
salt is instantly r^uced, ifiid tho solution decolorised. This reaction may bo utilised 
for the estimation of tinctorial power of the various coloure<l aniline-dorivattrofi. 

The strength of tne hyposulphite solution is ascertained by titrating it against a 
known weight of the pure crystallised aniline colour, after which it is us^ as an 
ordinary volumetric solution ; some care, however, is required in the manipulation of 
this rei^gcfmt, owing to tim rapidity with which it absorbs oxygen. The operations 
mus^ be conducted in a closed vessel, from which the air has boon expelled by a current 
of carbonic anhydride'^ and since tho decolonisation takes place only at 100®, the liquids 
under examination must be raised to the boiling heat. 

One molecule of the various anilinS colours, whose composition is accurately knoim, 
requires fur complete decoloration the same quantity of hyposulphite as that which 
is required \f> TMUoe two molecules of ammoniacal copper sulphate. From this 
circumstance it is possible, if the law obtains universally, to dedheo spproximativdy 
the molecular weight of any well-defined aniline colour. Thus the ' vicdot^ ds Paris* 
and Hofmatft’s violet guxa absolutely ideutical results ; the molecular weight of the 
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formula, 0»«HW(CH*)»N«.2(0H»C1) + H*0 - 462. analogous to that of * iodine green ' 
(Ut 8ti,ppl, 163), A. Stann {Bull. Soc. Chim. [2], xix. 124). * 

On the Impurities and Adulterations of Aniline Blue, Green, Violet, Yellow, and 
Orange, seaSpringmuhl(CAm. Centr, 1873, 140, 207, 220, 761, 762 ; Chem. Soc. Jour^ 
[2], xii, 611, 612, 834, 835). 

On the Appearances presented by certain Aniline Colours when diffused on the 
surface of Water, seoObermeyer {Pogg. Ann. cli. ^30 ; Ch&m. Soc. Jour, [2], xii. 1044), 

Fixing of Aniline (htoura , — ^The power possessed by silk and wool of fixing these 
colours directly, whereas vegetable fabrics require previous mordanting with albumin, 
is attributed by Jacquomin {Compt. rend, Ixxviii. 1306) to* the nitrogen contained in 
the animal substances. He finds that gun-cotton is dyed directly in solutions of^ 
fuchsine or of aniline blue, without any diminution of its combustibility. 

Aniline green, however, appears to pofeess but little affinity for wool, and there- 
fore requires a mordant. For this purpose G. Lauth {Buu. Soc. Chim. [2], xix. 40^^ 
proposes the use of .'electro-positive sulphur precipitated from a bath of sodium thio- 
sulphate contiiining a little alum, by the addition of an acid ; sulphur deposited from 
its solution in carl^n sulphide, or precipitated from the polysulphides by an acid, does 
not answer the purpose. The wool, before mordanting, should be cleansed, and 
treated with dilute hydrochloric acid to remove any metallic salts, which would 
otherwise give a brown shade, from formation of metallic sulphides. It is dyed in the 
usual way a solution of the green in hot water ; the shade can be rendered more or 
less yellq.uH^y the use of picric acid, adding to the bath at the same time some afetate 
of zinc or acetate of soda, accordingly as a yellow or a blue green is required. Mixed 
fabrics of wool and cotton can be dyed by mordanting first with sulphur and then 
with sumach. 

On the us4 of Size containing Tannic Acid for fixing Aniline Colours, see Dingl, 
pol. J. ccviii. 397 ; Chem. Soc. Jour. [2], xi. 1276. 

On an Aniline Colour for Printing on Cotton Goods, see Dingl. pol. J. ccv. 160. 

On the use of Aniline Colours dissolved in Collodion for colouring Glass, Paper, 
&c., see Springmiihl {Dingl, pol. J. ccv. 277 ; Chem, Soc. Jour. [2], xi. 207). 


Aniline Blaok. Formatim hy mcam of Vanadium Salta, and Theory of ita 
Production , — When vanadious chloride or ammonimn u’lnadate (1 ogm.) is added to a 
solution of aniline hydrochloride (8 grains) and potassium or" sodium chlorate (3*5 
4^ grams) ia*100 grams of water, the liquid df.irkens at once, and after forty-eight hours 
the whole of the aniline is converted into aniline-black, the liquid appearing almost 
solid. Even 1 part of vanadium is sufficient to convert 1,000 parts of aniline hydro- 
chloride into the black. This peculiar action of vanadium is easily explained, as there 
is no metal which passes more easily than vanadium from a higher state of oxidation 
to a lower one, and vice veraa. Thus, if the pentoxido is , dissolved in hydrochloric 
acid, it is converted into vanadious chloride, and on evaporating this solution in the 
air the pentoxide is reproduced. On the other hand, vanadious chloride and potassium 
chloride act on each other, chlorine being evolved, and the vanadium being converted 
into the pentoxide, while if this oxide or a vanadate comes in contact with aniline 
hydrochloride, it is reduced to a vanadious compound. In the mixture of aniline- 
black these reacti^s take place. in quick sui^eBBion. 

This mode oi action snows that for the production of aniline-black only those 
metals are available which form more than one oxide or chloride, and moreover that 
these oxides or chlorides must be i\$adily convertible one into the other. Thus stan- 
nous chloride cannot be used, and may even be employeil to retard the formation of 
the black by vanadiunUi tlie colour being product only afi^ all the stannous salt is 
converted into stannic salt. The salts of iron, cerium, andr manganese act similarly 
to vanadium, while those of nickel, cobalt, and chromium act but slowly, butou adding 
r^th of a vanadium salt the action goes on much more qiiick^. The salts of the 
lower oxides of uranium, tungsten, and molybdenum give also good blacks, but the 
uranic salts act as little as the tungstates and molybdates. The black produced by 
vanadium is identical with that obtained by copper, and contains no metal, the black 
being the result of the action of chlorine or its lower oxides dti aniline, and is*^oth* ng 
but dekudreUed emeraldine, the latter losing its water not only *on ageing, but also, 
like hydrated copper oxide, on immersion in a hot liquid. iWe toluidine is by the 
same reactions converted into toluidine- bronze, %nd the common aniline-black is a 


mixture of this body with dehydrated emeraldine. 

The reaction above described may be used for the detection of aniline. For this 
purpose the solution under examination is concentrated with cm excess of hydrochloric 
acid, and a drop of a solution of vanadious chloride is added, which will at once produce 
the black ; on the other hand, aniline may be used as a test for vanadium, *tfie solution 
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being mixed with hydrochloric acid, potaesium chlorate, and aniline hydrochloride ; if 
the black forms rapidly, the presence of ranadium may bo safely inferred. 

On adding a irop of a vanadium solution to a solution of logwood extract and 
mtassium chlorate, a yellow body is formed dyeing on silk a splendid golden-yellow. 
By the same reagents, starch, gum, and isinglass are converted into yellow, trans- 
parent substances (A. Guyard, Bull. Soc. Chim. [2], xxv. 68). Si^e also Ro^nstiehl, 
ibid. 356 ; Ch^m. Soc. Jour. 1876, ii. 

In the preparation of thickened colours for printing, the quantity of vanadium 
employed for the formation of aniline-black should bo very small in comparison with 
the weight of aniline-salt employed, a quantity not exceeding to 

]fhight of aniline hydrochloride being sufficient for the purpose. The use of vanadium 
instead of copper in this proceess has the following advantages : — 

1. Improvement in the Richness of the block, and clearness of tlie impression. 
2r Avoidance of the attacking of the rollers. 3. Facility of rt'gulatlng the duration 
of the oxidation. 4. Lengthened preservation of tlio thickened colours. 6. More 
simple and economical preparation. It is estimated that the cost for vanadium should 
not exceed one-eleventh of that for the copper hitherto employ oii (G. Wits, Cotupt. 
rend. Ixxxiii. 348). 

According to Kruis {Dhigl. jwL J. ccxxii. 347), the black obtained hy the use of 
cerium salts exceetls all other aniline-blacks in depth and brilliancy, and a wvy small 
quantity is sufficient for its pro^iuction, 

AcArding to Rosenstiekl {Compt. rend. Ixxxi. 1267J nniline-bhick may Ip formed 
on tissues by the agency of tictivo oxygen alone, wiinout the use of and 

metallic substances, if the condition of steaming be not insisted on. 

ForTnatioH by Eteeirolt/sis ^ — A galvanic current passed through a solution of the 
hydrochloride, sulphate, or nitrate of aniline causes a dept^ait on the positive polo, of a 
colouring-matter, which is green ut firsts hut afterwardR bc^comes violet, and finally de<;p 
indigo. Aniline tartrate, oxalate and acetate, do not yield this colour, but give only 
a brown deposit. When the anilino-salt is completely decomposed, the solution is 
colourlesfl. The negative electrode becomes black, and a slight black deposit is thrown 
down in the liquid. 

The deposit on the pof 'tivo poU, allcT purification, is a beautiful black metallic- 
looking, crystalline body. It cannot ho sublimed, and is insoluble in wiiter» alcohol, 
and benzono ; it is not altered by boiling <liluto acids, except by strong a<'etjc ecid,* 
whicli f nriiB it green. It ctku neither be oxidised nor reduced, and is not attacked by 
any oi\iinary reagents. It is changed by boiling with alkalis, for aft^jr the aciitui » 
blue colouring-matter may bo extracted with alcohol, which is turned green by am- 
monia and yellow by acids. It dissolves in strong sulj'hurk* licid with a violet, blue, 
or green colour, depending on the energy *tf the action, AVuter added to this solu- 
tion prtjducos a green precipitate ; and the filtrato from this precipitate containR a 
rod bexiy, the alcoholic solution of which gives a rose cx)lour with atninouia, showing 
fiuorosccnco like napthalonc-rcd. The green precipitJite, when trcAtcd with caustic 
potash, becomes deep blue, and is docolori.icd by nascent liydrognn. 

The black electrolytic doftosil contains nitrogen. It lias a more intense black 
colour than commercial anil:no*l)lack (Ooppelsrooder, Compt. rend. Ixxxii. 331), See 
also Coquillon {ilnd. Ixxxi. 408 ; CAcm. Jour. 1870,'i. 260). 

Compoftiiion of Anilif^-Blach . — The black prepared by electrolysing an aqueous 
solution of pure aniline hydrochloride, and purift 3 by successive treatment with 
water, alcohol, and ether, gave, as the mean of olovon analyses: carbon 71*366; 
hydrogen 6 241; nitrogelv 16*327 ; chlorine 8*941. These results agree with the 
formula, ands^ccordingly this Mack may bo rogardcxl as a chlori<lo, 

the base of which is the totramino which, like othfjr polyliases of 

the aromatic series, reiiBily forms mouobasic salts (Goppolsrooder, Compt. rend. Ixxxii. 
1392). 

Nietzki {Vent. Chem. frss. Rer. ix. 616) has analysed aniline-black prcpartxl W 
heating an aqueous solution of aniline hydrcx^hlorido, potassium chlorate, copper suf- 
phaU^ aSd ammonium chMride. The piquet was purified by diHSolving it in anilim*, 
precipitating with hydrochloric acid, and 4)oilin^ the dried precipitate with alcohol 
and dilute hydrochloric acid. It gave on analysis numbers agreeing ajiproximotely 
with the formula Awfdmiog this to bo its true composition, aniline- 

black may be regarded Ms the hydrochloride of a base formed as follows ; — 

, 3(C«H».NH*) - N»(C«HMI)* + 3H». 

A body thus constiltfted must contain three replaceable atoms of hydrogen* 

# 

* Tbs bass of this salt iprta io peroc&tagu compcf^itlon with that aoaljTMd bj Ooppelsroedsr. 
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Attempts to introduce ethyl or methyl into aniline-black have hitherto failed, but on 
boiling the free base Trith aniline, it undergoes a remarkable* alteration, and afterwards 
gives up to alcohol a bluish-purple substance, the hydrochloride of a new base, the 
composition of which has not yet been determined. 

Aniline-black heated in the water-bath with fuming sulphuric acid, is converted 
into a sulphonic acid, which dissolves with dark-green colour in water, and forms 
with alkalis ink-like solutions, from which acid8|jprei!ipitate it in greenish-black flocks. 
The salts of this acid have not been obtmned in the crystalline state (Kietzki). 

On the Dyeing of Wool with Aniline- black, see Dingl. pel, ccx. 163. 

On the Combination of Aniline-black with other Colours on Cotton, see Kielmeyer 
{DingL pol. J. eexvi. 361 ; Ckem, 8oc. Jour. 1876, i. 816). • 

Blue Colour produced from Anilifie-Blflok. — ^When aniline is heated with aniline 
black, a blue colouring matter is formed, which is obtained pure by boiling tl^ 
crude black with alcohol, and treating the residue with soda to obtain the base, 
which is conv^erted into the acetate by moistening it with acetic acid. The dry 
acetate is heated with 8-10 times its weight of aniline to 160°-180°for 6~8 days. 
The product is then treated with an excess of dilute liydrochloric acid, which does not 
dissolve the hydrochloride of the new base. The latter is obtained in the free state 
by the action ofsotla, and purified by dissolving it in ether, precipitating this solution 
with hydjB|||bloric acid, and repeating this process. The free base, which has either 
the foni|Mp?®*II”N® or C**H**N*, but probably the former, dissolves in ether ^th a 
magen taMB colour. 

C*®Hr^*.CllI crystallises from hot alcohol in needles having a coppeiy lustre, 
while, by precipitating the ethereal solution of the base with hydrochloric acid, it is 
obtained as a«!ry8talline violet powder with little lustre. 

is n very similar compound, and is obtained as 

a crystalline precipitate by adding an aqueous solution of picric acid to an Jilcoholic 
solution of the hydrochloride. (C^*H®*N®.ClHy‘*PtCl^ is a violet crystalline precipi- 
tate, sparingly soluble in alcohol, insoluble in water (Nietzki, Deut. Chem. Gca. Ber. 
iz. 1168). 

r 

iLnillne-Oreen. Appenzoller {Betti. Chem. Ges, Ber. vi. 966) has examined 
an anilino-groen, manufactured by Binschoider aifll Bfasch in Basel, and occurring in 
•commerce in splendid crystals, which are readily soluble fn water, and are distin- 
guished by the purity and richness of* their colour. It has the composition 
C^®H**(CH*)*Cr‘'N®.H*0 + ZnCH, being a double salt of zinc chloride and an aniline- 
green which differs from Hofmann*8 and Girard’s iodine-green only by containing 
chlorine in place of iodine (veri de Paris, p. 87). When treated with silver nitrate 
it is converted into a nitrate of analogous composition, which has the same green 
colour. The chlorine-compound dissolves in acids with a^.ycllowish-brown colour, but 
the original green is restored on adding a large quantity of water. The water con- 
tained in the crystals is given off only when the compound is left in a vacuum for a 
considerable time, and must therefore be regarded as constitutional water. The 
constitution of the compound may accordingly be represented by the formula ; 

On the fixing of Aniline -green, see p. 88, 

On the Dyeing of Straw with Aniline-green: Hartmann {Bingl, pol. J. cevi. 246; 
Chem. 8oc. Jour. [2J, xi. 305). • ^ 

AJOiillne^Orey. A very fine grey is produced on co^on fabrics by printing with 
a colour prepared hy dissolving 626 grams of potassium chlor^e in 3^ litres of boil- 
ing water, and Stirling into the liquid, after cooling, 6^ litresbf gum-water, 1312*5 
grams of sal-ammoniac, 1600 grams of potassio-chromic fartrate of 30° Baum^ 200 
grams of aniline, and 1160 grams of tartaric acid. The whole is well stirred up, the 
salta then dissolving completely. The potassio-chromic tartrate is prepared hy dis- 
solving 960 grama of potassium dichroi| 2 ^te in 3 litres of warm water, cooling the 
liquid to 36° R. (43*75° O.), aud stirring into it 1440 grams or finely pulverised tar- 
taric acid (alcohol or sugar might make a cl^eaper reducing agent). The printing 
should proceed continuously, and not stop until the last piece leaves the dry plates. 
The pieces are then hung np for 48 hours in a warm room (temperature about 32° C.) ; 
washed and rinsed for an hour, then dried aud finished. Light shadei. may be pro- 
duced by dilution with gum-water (E. Laiilier, Bingl. pol. J, ccxi. 490). 

Aalllae«1K«d* A new aniline dye of a fine pnrplo-red cplonr has fleen prepared 
by adding ammoniaoal cupric hydrate to \uiiline acetate, then saturating with sul- 
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phurio acid, and rcnLoving^tha ammooinm sulphate by ciTstallisation (E. Farri&re. 
Campt. rend, Ixxvii. 646). 


m nOM (C. L. Jackson, 

DeuL Chem. Gee. Ber, Tiii. 068). By distilling a quantity of high-lDoiling aniline oils, 
from the factory of Martins and MondeUshon-Bartliolay, in Kummel^uTg, a dark 
tarry fluid was obtuned as the last portion. This was dissolvwl in warm hydrochloric 
acid, and the wlution diluted with wai<lr, and flltorod through sororal wot filters, to 
remove dark oils. After evaporation, caustic sodii set free an oil, bi^nning to boil 
at 220*’, but soon passing over at a temperature above the limit of the mercurial 
thermometer. The lower ftmetions consisted of xylidine and ita homologues, whilst 
the fraction boiling at 280° to 320°, fnrniKhmi with dilute sulphuric acid, the diffi- 
cultly soluble sulphate of naphthylamine, and a black oil, which wits separated from 
tli% salt by washing with ^ficohol. The alcoholic solution, when concentrated by 
eya|K>ration, deposited the oil, which became a crystalline mass on treatment with 
strong nitric acid ; this was purified by solution in water, procipitation by «tn»ng 
nitric acid, and finally by crystalliMitiun fn)m alcohol. The salt thus obtained Itad 
the composition of the nitrate of a hano, C^Il'^N, or The fn^ base is 

precipitatod in white flakes when a stdntion of the nitrate is treated with enustio 
soda ; it clissoh'^cs in alcohol and ether, Itoing regained from the Kilulions thus formed 
as a brown oil ; with chloroform and alcoholic j^Hitash it gives an oilour Ufeft that of 
phe^lig isocyanide, whence it is a primaiy amino. 

The nitrate cr^’stallises^n white stellate newUes, which are difficultly Utole in 
water, but more readily in alcohol, and insoluble in nitric acid. Treatment with 
excess of nitric acid converts it into a rod mivsa resembling rosaniline. from whieJj it 
is difficult to obtain the s»ilt quite white. The mlptutte pryKtaUiews in mund ag(^ro- 
gates of white neotllcs, and is very soluble in water. The hydrochloride crystallises 
from a slightly acid aqueous solution in long, flat, w’^hita needles, soluble in water 
and in alcohol, and almost insoluble in slr«>ng hydrochloric acid ; its neutral solution 
Incomes somewhat decomposed on heating. The platinocMoride, 2(C'*H'*N.HCI).l’tCI*, 
forms fan-like groups of clear-yellow needles, half a centimeter long ; it is slightly 
soluble in water, more so. though yet sparingly soluble, In alcohol. The alcoholic 
solution decomposes when !'.cate<l, , 

On treatment with ^cctyl chloride, the base ft>rriis an acotyl-<lorivative, 
crystallising in wdiito needles which melt at 114*2°; it is iiisoluhlo * 
in waUT, but readily soluble in alcohol and ether. 

The base is pnjhably aniidr)j»honyJtolueno, J quantity 

ttbtaimyl was not sufficient for the exact d<?torrnination of its constitution. 

AJtrXSBSTJLnni. See Brtaink Sttpjd. 188). 

BVU&ma This name is given t^* a group of carbonatoH, approaching very 
nearly to bitter spar, but differing therefrom in respect. r)f their nigh percentage 

of ferrous carbonate. Their general formula is | ^ having ten 

different values. Normal ankerite has the formula j normal panin 

kcrite 2(C*^M^)*C*0* I ' These minerals are found in the c^ml-fomiaiion of 

Bohemia; normal nnkjritc also at Knll in the Kif. I (lloriky, Jahrh,/, Min. I87fi» 
660). Compare, i. 307; IstSoppl. 176. 

AVOBTaXTB, CaAl^iW or OhO.SiO* f APO*.iSiO* This niincrul occurs, 
together with monticellite, ^ the Pesmeda Alp on Mount. Monssoni in Tyrol. Its 
occurrence there is vei^^ remarkable, as it has not hitherto been tound on the Alps in 
well-defined crystals, its occurrence in contact-strata is confined to a few localities, 
e.ff., as so-called amphodelite at Ijogo in Finland. The crystals of anortbite, which 
attain a size of 20-26 mm., have an unusual appearance, which renders their deter- 
mination very difficult. Many of them have a large number of faces ; othf*r» 
exhibit the combination *0P . 2^,oo . co'F • I-liatinct twins have not l>ccn 
observed. Of the two following analyses tl) >» 'if flesh-coloured, fresh anorthite, 
accompanied by chahasite; sp. gr.«* 2*686; (2) white, somewhat weathered; sp. gr. 

« 2*812, 

ntv/ . A1*0". CaO. n’O. 

(1.) 41*18 36-66 19 66 2*77 « 99*16 

(2.) 40J7 36 61 21*66 4*66 « 101 90 


(Q-. vom BaU^«7iiAr6tfcA/. Miiwtdlogve, 1876, 416). 

On the Crystalline Borm and Twin-laws of Anorthite, 
exLvii. 22-63; Jahrhwhf. Mineralogie, 78), 


see O. vom Bath {Pogg, Ann, 
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ANTHRACENE. 


AITTBOMTB or ABTKOPBmUTB. This .Tariety of hornbleDde (iii. 
169) has been found at Star Bock, Concord, Belawaro^ exhibiting the following com- 
position : — 

SIO*. A1*0». FeO. MnO. CaO. MgO. Na»0. K“0. H»0. 

66*12 0*65 8*20 0.33 0*75 31*18 1*66 1 01 2*21 = 100*90 

(A. R. Leeds, Sill. Am, J, 22). • 


D, The formation of this hydrocarbon from benzyl- 

toluene, C*H* — CH* — C*H^ — CH*, shows, as already observed ( 2 «<f Suppt, 82), that it 
C-H^— CH 


cannot have the constitution 


M originally assigned to it by Graebe, which in- 


03 

deed belongs to the isomeric body phenanthrene {ibid. 84), but that it must be lypre- 


sen ted by the formula I its formation from benzyl-toluene being, in 


\CH‘ 


fact, easily explained by aid of this formula, if we suppose that this latter hydrocarbon 
belongs to the ortho-series (1 : 2). On the other hand, the relations between benzyl- 
toluene and tulyl'phcnyl ketone (2nd Suppl. 939), as hitherto understood, seem to 
show tfatfb benzyl-toluene belong^ rather to the para-series. For, according to 
Kollaritli a. Morz, solid tolyl-phcnyl ketone, heated with soda-lime, is resolved into 
benzene and paratoluic acid, whence it must be a para-compound; and this same 
ketone yields by oxidation a bonzoyl-benzoic acid identical with that which is 
obtained bygoxidation of Zincke's benzyl -toluene (ibid. 183), whence it would appear 
that this benzoyl-benzoic acid, and the benzyl-toluene from which it is formed, are 
also para-compounds. This apparent contradiction is however removed by the obser- 
vation of PJascuda a. Zincko (Dent, Chem, Ges. Her, vi. 906), that Zincke’s bcnzyl- 
toluono is a mixture of two isomeric comx>ounds, inasmuch as it yields by oxidation a 
mixture of purabonzoyl-benzoic acid with an isomeric acid (^-bonzoyl-benzoic acid). 

Further Bohr a. van. Dorp have shown (Deut, Chem. C?c.s. her. vii. 17) that liquid 
tolyl-phenyl ketone oxidised with potasssiurn dichromate and sulphuric acid 
yields j3- benzoyl-benzoic acid as well as the para- 'acid, <,nid that this same ketorio, 
when oxidiseti with manganese dioxide and sulphuric acid, yields anthraquinono (and 
probably anthracene as intermediate prociuct), together with parabenzoyl-benzoic acid. 
This reaction indicates a relation between anthracene and /9-bcnzyl- toluene. 

Solid tolyl-phonyl ketone, on the other hand, oxidised •with potassium dichromato 
and sulphuric acid, yields parabenzoyl-benzoic acid ; with manganese dioxide and sul- 
phuric acid it yields a largo quantity of parabenzoyl-benzoic acid and a small quantity 
of /3-benzoyl-bonzoic acid, but not a trace of anthraquiuene. 

The liquid ketone heated with zinc-dust yields benzoyl-toluene, which however is 
immediately converted, by elimination of hydrogen and condensation, into anthracene ; 
hut when the solid ketone is similarly treated, this condensation does not take place, 
the product being pure benzyl-toluene, which remains unaltered when passed through 
a red-hot tube filled u'ith pumice, whereas the mixture of the two hen^l-toluenes 
obtained by Zl.^cke’s process yields a lai^c quantity of anthracene. 

The relations between the several compounds above mentioned may be further 
shown by the following table 7 


(probably ortho-) benzyl-toluono. 
Benzoyl -benzene acid, m. p. 86 °. 
Liquid tolyl-phenyl ketone. 
Anthracene. 

Anthraquinone. 


Paraben^l-tolueno. 
Bonzoyl-benzoic acid, m, p. 194®. 
Tolyl-plfbnyl ketone, m. p. 67®. 


That anthracene is not n para-derivative of benzene is shown by the follow- 
ing reactions : ( 1 ) Parabenzyl -toluene heated to redness does not yield anthracene. 
( 2 ) Paraboiizy I- toluene oxidised with manganese dioxide and sulphuric acid does not 
yield anthraquinone. (3) Parabonzyl-toluono passed over lead oxide or zinc -dust is 
not converted into anthraquinone or anthracene, whereas S-benzyl- toluene similarly 
treated does yield those deriratives. 


Anthracene may therefore bo represented by the formula C*H 



in 


which the two CH-groups occupy the ortho-positions with respect to the groups 
(see diagram, p. 96); and the assumption formerly made that.benzyl-toTuene is a 1 ; 2 
derivative of benzene {2nd Suppl. 82) xdhy now be understood as applying to the 
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3- modification of that hydrocarbon, which belongs to the same series as liquid tolyl* 
phenyl-ketone (Behr a, rad Dorp, Jkut, Ckem. Gea. Ber, Tii. 16). 

Preparatum , — In preparing anthracene from tar, instead of Btop|>ing the distilla- 
tion at the point where pitch remains in the retort, it is better, acoorang to Verstnann 
{Dingl. pol. J. ccrii. 72), to push the operation to the end, so that nothing remains 
but a dense coke. The yield of anthracene is then 2 per cent., instead of only ^ per 
cent, of the tar. The dead oil is separated from the distillate by strong prossure, and 
the pulrerised residue ir washed witn petroleum spirit (b. p. 70^-90^), and again 
pressed. 

Estimation. — The most exact method of estimating the proportion of pure anthra- 
cene in the crude commercial article is to convert it into anthraquinoue. This 
method presents the following advantages: (1) Anthracene dissolved in glacial 
^l^tic acid and boiled with ohroraic anhydride yields the theoretical qtiantity of anthni- 
qugione. (2) This quinono is not further oxidised by long-continued treatment with 
the chromic solution ; and (3) All other substances usually associated with anthracono 
in the commercial article, even chrysene and paralfin, are changed by the long-con- 
tinued action of chromic anhydride into compounds which are soluble in alkaline 
solutions, and can thus bo separated from the antliraqiiiiione. 

A gram of the anthracene to be examined is dissolvcAi in 45 g.c. of iKulitig glacial 
acetic acid, filtered if necessary, and tlien a boIuUou of 10 grams of cJiromie anhydride 
in 5 C^. glacial acid and 5 c.c. walAsr is gradually tuldotl, until a slight excess of 
chromic acid remains, ov^ after long boiling ; tliis may be readily ascertained b^ the 
rod spot of silver chromate which will be prwluccxl on the surface of metalUo silver 
by a drop of the liquid. It is then left to cool, diluted with 160 c.c. water, and, after 
being allowed to stand foe some time, the quinone is collected on a filt^q^ and washed, 
first with water, then with a very dilute alkaline solution, and finally with water ; 
0‘010 gram must bo added to the weight of the quinone driotl at 100®, being the loss 
occasioned by its solution in the dilute acid (K. Luck,, Ch&m. <?«. Per, vi. 1347). 
See also Paul a. Cownloy New«. xxviii. 175); li. Lucas {ihid. xxx. 100; Nicol, 

Annal. Chrm. xix. 3l8; Chtm, Sor. J. 1870, ii. 653; J. T. Brown, Chtvt, 
AV««, xxxiv, 136; Chem, *Soc. J. 1877, i. 233; VcnaiuHnn, C’Acwi. xxxiv. 17L 

191, 201 ; Chem. Soc, J, 18V7, i. 34J). 

Fluorescence of Anihiacen ^. — When anthracene in cither of its forms— the 
oflve-green commenual vimuty, the light-ljjH>wn variety, the snow-like powder, or tlic/ 
pearly scales obt/iincci by repeiiU^d crystallisation — is illuminstcKi ly a beam of sunlight 
wliich is coiidensod by a lens, and also prisst's thi\»ugh a 'cell containing ii solution of 
aminonio-cupric sulphate, a fluorescent light is emittwl, which whoi^ examined by a 
spf-ctroHcope, gives a spectrum consisting of f<mr bright l>ands separated by darker 
inter\’.'ilH. The first bright band is nitimtcsi in the nd, the stx'ond in the yellow, and 
tlu* two others in the greens Absolutely pun? anthracene, however, when examined ns 
above, exhibits a blue ftuorcBCence, and givi^s a jxirfectly continuous spectrum, llonco 
it is probable that the bright liand spectrum ie due to the presence of chrysogon in the 
ordinary samples of anthracene (UY Suppl, 459). Anthracono containing chrysogon 
also gives a very characU?ri»tic absorption -spectrum, showing two strongly-marked 
Itands, one at F, the other towards O, and a loss defined one at G, with a total ex- 
tinction of all rsiys at a point slightly lx?yfed G. ' 

If a sample of ordinary commercial ant hracono be dissolved in V;enzeno, its solution 
shows a brilliant green fluorescence, which, on cj^cmination with file speciroftoope, 
gives a spectrum of the same cluvracU-r ns the solifl, with tlie exception tliat all the 
bands arc shifted towardwtho violet gnd of the spcedruni (IL Morton, Chem. JSeuis^ 
XX vi. 199). , 

Reactions with fyktorim and Iodine . — When antliracnno was digested for some 
days with antimonv^Aiackloride, a current of chlorine ladng at the same time passes! 
into the mixture, the greater part of the anthracono was carbonised, but on subjecting 
the product to distillation it was found to jrield a crystallino sublimate. A portion of 
this sublimate dissolved in hot benzene, from which it separated in crystallino crusts 
wbiph melted at 236®, 24C^, and 262® afier one, two, and throe crystallisations. That 
portion of the subliaiate which was inseluble in benzene yielded, on sublimation, 
beautiful needles, which melted above 330®, and contained an amount of chlorine 
nearly agreeing with that required by the formula, C'^Cl*JI*. It is, however, pro- 
bable that this substance is either derived from sf»mo impurity in the anthracene 
employed, or from a hydrocarixm formed by the piolymorisation of anthracene, and 
that the tml hexchloraotbracene is to be found in the portion soluble in benzene. 

When anthracene lapsed with iodine^ bydrifxiic acid is evolved, oven if the tem- 
perature dotf not rise above 155®, and the greater part of the anthracene iscArbonised ; 
but a small portion of fiiatter soluble i n b^^cne or acet i c acid i s pivsl need. When a so- 
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lution of iodine in phenol ie boiled with anthnusene, hydriodio aoid is oTolved. More 
definite results might perhaps be obtained by moderating the violence of the reactions, 
and assisting the action m the iodine by an oxidising agent (Bolas, Chem, News, 
xxviii. 167). 

Action of ChlorochroTnio Acid , — ^This compound, added to a solution of anthracene 
in glacial acetic acid, oxides it to anthr^uinone, which, when precipitated^ with 
water, washed, dried, and subsequently sublin^ or crystallised from alcohol, is ob- 
tained in splendid needles (Haller, Compt, rend, Ixxxiv. 658). 

Action of Nitric Acid , — According to E. Schmidt (JDeut, Chem, Cres, Ber, vii. 200), 
the mono- and dinitroanthracene described by BoUey (2nd Suppl, 83) as produced by 
the action of nitric acid on anthracene have no existence. The sup;|^8ed mononitEb- 
compound is in reality a oompound of dinitro-anthraqninone and ch^sene, and is pra. 
duc^ only with certain varieties of confinercial anthiracepe, those namely which 
tain hydrocarbons of higher order. Perfectly pure anthracene, when treated path 
nitric aoid, does not yield a trace of any nitrated anthracene, but only the well- 
known oxidation-products, anthraquinono and dinitro-anthraquinone. The statement 
of Phipson {Compt, rend. Ixxvi. 574) that uitro-anthracene is formed by treating 
anthracene with strong nitric acid, is also very doubtful, inasmuch as he merely 
obtained a viscid mass which he did not attempt to purify, but treated at once with 
tin and hydrochloric acid, whereby he obtained a basic compound, the so-called an- 
thracenamine (27hI Suppl, 81). Schmidt, on repeating the experiment, found that the 
composition of the basic products thus obtained by no means agreed with the formula 
and moreover varied considerably in different preparations. It may 
therefore be concluded that no definite nitro-anthracenes have yet been obtained. 

Kalogev^derlvatlvea (F, Schwarzer, Deut, Chem, Gee, Ber, x. 376). Dichlor- 
anthracone tetrabromide, C‘^H*Cl*.Br\ first obtained, but not examined by 
Qraebe a. Liebennann, is formed by exposing dichloranthracene for a considerable 
time to the action of bromine -vapour. It is slightly soluble in alcohol and ether, 
freely in chloroform and benzene, and crystallisos in white silky needles melting at 
166®. Heated to 180®-190®, it is converted into dichloromonobromanthracone, 
0*^H^CPBr, which crystallises in small greenish-yellow laminse melting at 168®, easily 
soluble in chloroform. The tetrabromide boiled with alcoholic potash gives up 2HBr, 
and is converted into dichlorodibromanthracene, C!**H«CFBr*, which is sparingly 
soluble in alcohol and glacial acetic acid, easily in benzene, and crystallises from 
the latter in small yellow needles melting at 251®-262®. These two cblorobromo- 
derivatives, when boiled with nitric acid, react like tetrabromanthraceno (le^ Suppt, 
178), yielding respectively mono- and di-bromanthraquinone, but the oxidation is 
much slower than in the case of totrabromanthracone, on account of the more inti- 
mate combination of the chlorine. 

Dichloranthracene dichloride, C* *11*01®. Cl*, itf readily formed bypassing 
chlorine into a solution of anthracene in chloroform. It crystallises in transparent 
prisms, melting at 149®-150®, dissolves freely in benzene and chloroform, but only 
sparingly in alcohol and ether. When heat^ to 170®, it yields trichloranthracene, 
together with a small quantity of dichloranthracene; the same decomposition takes 
place at the common temperature, even if the compound be kept in an atmosphere of 
hydrochloric afcld. Trichloranthracene, tJ‘*H'Cl*, crystallises from alcohol in long 
yellow needles molting at 162®- 163®. 

The di chloride, C *H*Ol*.Cl*, b'^ated with water or with alcoholic potash, is converted 
into anthraqninone; and the same reaction is produced by strong sulphuric acid 
at ordinary temperatures: C'*H*C1* Cl*+ 2H*q«4HCl-»- G’*H*0*. 

The reactions of* dichloranthracene dichlorido are mr^«t clearly explained by the 
following constitutional formula, which represents this compound as the chloride 
analogous' to anthraquinono ? ^ 



Dictaloranthnoene dichtoridew 


« C'*H*(CH*), is forced by {Msssing dimethyl- 
phenyl-methane^ OH*(C*H*CH”)*, through a red-hot tube filled with fragments of 
porcelain, the change consisting in the loss of 4 atoms of hydrogen (Weiler, Detu, 
Chem, Gee. Ber, vii. 1181). ' 



AKTHRAOBNB, 180MEBIDES OP. 95 

Metl^l-BntlLTaMne is also fanned in con^eiabls qnaatity whsn dimetbjl* 
phenjietbaae, CH**CH(C*H*.Ctt*)*, is passed throogh ii... red-hot tube (O. Fieehar, 
ibid. 1191). It is sparingly soluble in aloohd, ether, and ookic add, and ciTstallisea in 
glistening, yellowi^ or white plates, melting at 198^-201^, and dissolYing readily in 
chloroform, bensene, and carbon sulphide. It Bnbiimesinlai^ white plates, exhibiting 
a fine blue fluorescenoe, and forms a picric acid compound closely resembling anthraoene- 
picricacid.^ Chromic acid oxidises it toan IhraquiTiona^arbonio acid, 0**H**0*, 
which sublim^ in yellow needles meltif^ at 282®. MetbyVanthracono, heated to 100® 
with strong nitric acid and alcohol, is oxidised to roethyl-anthraquinone, C**H**0*, 
► which separates as a yellow predpiute (Fischer, t&*d. viii. 676). 

• Jhbromometkt/l^ntkracens. C**H**Br*, is easily formed by adding bromine to a 
solution of the hydrocarbon in carbon sulphide. It forma yellow needles melting at 
156® (Fischer). ^ . 

^Qibrcmodimetkyl^anlAracentt is prepared by mixing the solutions of 

bromine and dimethyl<antbraceDe {2nd SupjU. 84) in cArl>on sulphide, and rt*maiiis on 
eTXTOration as a yellow crystalline miuis, easily soluble iu bensene, ether, and absolute 
aloonoL When crystallis^ from glacial acetic acid, it forms yellow needles melting at 
164®. It is decomposed by red-hot lime, witli formation of dimcthybantliracone. 

OxjfantAracene. See Antuuol. 

• ^sowerides of Ati t hractne. 

1. Vlieiiu&tlurene. The formula | || , assigned to this hydrocarbon by 

<>n*— CH 0* 

Qraobe and by Fittig (2nd Suppl. 84), represents it as diphenyl liaving two of its 
hydrogen 'atoms replaced by acetylene ; and Oils radicle may.nctually bo introduced 
into the diphenyl-molecule by passing the mixed vapours of diphenyl and ethylene 
through a strongly ignited porcelain tube : 

CMH»» + C*H» - + 2H*. 

Benzene^ styrolono, naphthalene* and a solid mixture of anlhracono and phenantheno 
arc formed at the same lifiie. A mixture of Liio last two hydrocarbons is also produced 
by the action of othylono or styrolene on Isiatxoue (Barl>ier, Compt. rend. Ixxtx. 121). • 

Phenanthrene is also formed in small quantity, together with anthracene and 
toluene, when vapour of ditolyl or of l^cnzyl-toluone is passed through a rod-bot tube 
(Barbicr) : 

2C‘*H*« - + 2C’H'' + IP. 

Pbenanikrme J^dridee. ^Qnielre prepared the totrahydrido, C'*H*S by heating 
phonauthrene with hydriodic acid and phosphorus to 200®. According to Barbier, a 
heat of 260® is required to efibet the combination, and the product, which is a liquid 
boiling at 260®-'270®, separates on cooling into a Huid and a solid portion. The 
liquid was treated with cold fuming nitric acid to remove benzene hydrocarbons and 
their derivatives ; the greater p..rL however remained uuat tacked oven after prolonged 
treatment. Hydrochloric acid and tin wts/o then mldcd to remove iititro-compouiids, 
and the product was dric<i. It then formed an oily liquid smelling like petroleum, 
boiling at 260®, and yielding by analysis 84*3 per cent. carl)on and 15'2 hydrogen, 
agreeing very nearly with the formula C**H**, which requires 84-8 C. nud 16*2 H. 
Hence Barbier infers that #ie liquid hydride, C**H**, which Oruehe obtained was most 
probably a mixture of th| saturated hydrocarlK>D, C**H**, wit.'ii phenanthrene and 
intermediate hydrides; and that the Bo-called hydrides of toluene and xylene are 
probably similar nisaturcs. The solid (impure) hydride obtained by Oraebe’s 
procass, on being heated in a sealed tube for five minutes, yielded diphenyl and bon* 
zene, the Latter probablyr formed by the action of heat on the acetylene produced in 
the first instance ; 

C’?H*.C*H» + H* « C'*IP* + C»H». 

A small quantity of jliianthrene is formed dt the same time (Barbier). 

2. Another isomeride of anthracene is obtained, together with anthracene and 

toluene, and an oily hydrocarbon, C*U^, by distillation of the secondary products 
formed in the preparation of benzyl-toluene. The oily bydrocarbr>n, when |HuiSf4 
through a rfd>hot tube, yields a further quantity of anthneono and its isomeride. 
This iso-anthracene is lyoderatelj soluble in the usual solvents, mystallisee in yel* 
lowish melting at 133®-! 34 6® (phonantbrene melts at about 100®), and not 

easily soblimed. It q^ay be oxidised to a quinone, which crystallises in long 

white needlesmelting at 211®~212®, foiens a blue mass with potash, and dissolTss io 
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■nlpliiiric acid more easily than aothraqainone (Weber a. ZiDcke, Dent, Chem, Ges, Ber^ 
vii. 1168). 

AJrTBftACWa BXiVB. This name is giTen to a blue oolourii^ matter 
obtained in small quantity in the manufacture of alizarin. It is soluble in 'water, 
and dyes silk, wool, and cotton of a splendid and permanent blue (F. Springmiihl, 
Chem, Centr. 1872, 728). ^ 

BJrmBBCBirB-CBBBOWXC ACXB. - C^^H».COOH. Two acids 

of this composition are known, which may be distingfuished as a and fi, , 

The <»-acid was obtained by Graebe^ a. Liebermann, by heating anthracene to 
200^ 'With liquid carbonyl chloride, digesting the product with sodium carbonate, and 
treating the filtered solution with excess of hydrochloric acid. It separates from 
alcoholic solution by spontaneous evaporation in long needles, melts at 206^, an^ is 
at the same time resolved into anthracene and carbon dioxide (Is^ Suppl, 179). * 

^•Anthracene-carbonic acid^ discovered by Liebermann a. vom Hath {Deut, Chem, 
Ges, Ber, viii. 246), is produced by distilling the potassium salt of anthracene- 
sulphouic acid with perfectly dehydrated potassium ferrocyanide, boiling the distillate, 
which consists of unaltered anthracene and a nitril, with alcoholic potash as long as 
ammonia is evolved, and decomposing the filtered liquid with hydrochloric acid. The 
/3-acid is then precipitated in yellow flocks, which may be purified by digestion with 
barium carbonate, whereby the easily soluble salt of anthracene-carbonic ^acid is 
obtained, while an insoluble salt, probably the anthrafcene-dicarbonate, remains 
behind ; the solution treated with hyctochloric acid yields the /9-acid. 

/B-Anthracene-carbonic acid is insoluble in water, slightly soluble in benzene, 
more easily ^ alcohol and glacial acetic acid, and separates on cooling from a hot 
saturated alcoholic solution in yellow needles ; by more rapid concentration as a 
nearly amorphous mass. It dissolves also in dilute ammonia, and is precipitated 
therefrom by acids. It decomposes carbonates, and forms for the most part easily 
soluble salts. The barium and calcium salts are readily soluble and dry up to 
amorphous mnssea. The load salt is a precipitate. The barium salt is not de- 
composed by carbon dioxide, but the ammonium salt loses all its ammonia on evapo- 
ration. The solution of its salts shows a green^'sh or blue fluorescence. But even 
if the colour of the solution be pure blue, the acid precipitated from it is always yellow. 

The /9-acid softens at 220®-230®, melts irregularly at 260°, and when heated abOve 
280° sublimes without decomposition in orange-yellow needles, which melt in the 
same manner as the unsublimod acid. These characters distinguish it from the 
a-acid, and n further distinction between the two is afforded by their behaviour with 
oxidising agents, the a-acid heated with a solution of chromic acid in glacial acetic 
acid being converted into anthraquinone, with evolution of carbon dioxide, whereas 
the /9-acid is converted into, anthraquinone-carbonic acid, which undorgof‘8 further 
decomposition only when the oxidising agent is in excess ; 

c"U'.co»n + o> = u»o + 

The structural formula of anthracene : 



,h i] h.- 

b a b 

indicates the possible existence of tliree antbracone-carboT^ic acids, according as the 
group CO^H is attached to the nucleus at one of the points a, 6, or c. In Graebe a. 
Liobermann’s acid (o), the carbonyl-group is most probably attached at one of the 
points a ; an acid so constituted must in fact give off carbon dioxide when oxidised, 
because the oxygen-atoms which convert*, it into a quinone will attach themselves to 
the points a. If, on the otlier hand, the carbonyl-group is attached at b or c, the 
quinonic oxygen-atoms may attach themselves at a without displacement of CO*. 
This therefore is probably the constitution of the ^ -anthracene-carbonic acid obtained 
by Liebermann a. vom Hath. 

AimBAOBWB.SirXiBKOXrXC BOZB, C'*H*SO*H (£. Link6, '«71 pr. Chem, 
[2], xi. 222). Two acids of this composition, a and /3, are produced by^eating 1 pt. 
of anthracene “with 3 pts. of strong sulphuric acid in a wq/ter-bath, with constant 
stirriucr, till the greater part of the anthracene is dissolved, which may be known by 
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tn forming » light bro«v solution on addition of water. Sulphurous sAh^dride is 
Folred during the solution of the anthracene, and if the action is allowed to go on 
00 far, brown tarry producU are formed. The product is purided by neutraliaing 
rith load carbonate, removing the lead with hydrogen sulphide, again noutr^isiug 
rith lead carbonate, and evaporating to the crystallising point. The iSdead salt then 
eparatos in prisma which may be purided by oiystalliaatitw, and on fortber concentm- 
ion the a-salt separates in warty mijdiscs. The a-aalt is produced in much larger 
[uantity than the iS-salt. 

^AtUhmcentwl^hon^ Acid, C**H*SO*H, prepai^ from the lead or barium salt 
>y precipitation with sulphuric acid, crystallises in yellow prisms or tables. The 
I'lead salt, (C**H*SO*)*^b + 4H*0, crystal Lises in light yellow scales, dissolves 
>asily in hot water, but is loss soluble in cold water. The o-barlum salt, 
CJ^‘*H*SO*)*Ba + 6H*0, crysMlises in yellow needles, and is much more soluble in 
vatsr than the /8-salt. The sodium suit crystalUses in microscopic scales. 

fi~AntAracene»uIphcnic Acid, C**H*SO*H, crystallises in long wall-developed 
prisms, diffioultly soluble in wuU:r, and permanent in the air. The lead salt^ 
-t- 7 H*0, crystaUibes in yellowish prisms, and is very sparingly 
loluble in either hot or cold water. The barium salt is more soluble than &e leiM 
mlt, and cxystallises in nacreous plates, containing 7U'‘'0. The soilium salt is sparingly 
soluble in water. 

JLM VWnLAWMWMOllBt O' ^11**0 « Of tlieso l><>dios there are two 

metnmeric modifications, viz. : — 



C*H\OH 


Aiithrol. 


< C 3 (OUK 

I >c*u* 

Ull — / 
Alithranol. 


1. Anthrol is formed in two isomeric modifications by fusing the alkali-salts 
of e and /S-anthraccncsulphonic acid with caustic |X)tash or soda in a silver 
basin, till a small quautiU' Utkon out and <liHsolveil in water gives a copious precipitate 
on addition of an acid. The crule d-anthrol is a broumish- black mass ; the ^-motlifl- 
cation is dark green. 'Plit crude products are purified by dissolving them in ether, ^ 
which separates some tarry matter, filtering, and evaporating to dryness in an atmo- 
Kphure of carlxmic anhydride. As both the anthrolsare very freely soluble in alcohol 
:*nd ether, the crystals deiMnsiUxl from these solvents are but indistini’tly formed, but 
gfsxl crystals may be obtained l»y precipitating an alcoholic solution with water, 
louring all the oj>crittions the air oi the apptiratus should be roplac4>d by carbonic 
anhydride. 

a-Anthrol crystallises in brilliant vellow noodles, easily soluble in alcohol, ether, 
and benzene, not so easily soluldo in chloroform, insoluble in water. On boiling with 
a^juooiis iKJtash. it is oxidised to a dark brown body. It docomposoa without fusion 
at *250®. Sulsitilul ion -products arc formed by bromine and sulpliuric acid. 

^-Anth^ol cryhtallises in yellow prisms; it is less soluble in alcohol and ether 
than its isomeridc. It oxidises to a green ^ody on exi>o«uro to the sir (Linke, J, pr, 
Ch^m. [2], xi. *227). 

2. A nthriinol.— This Viody, intermediate between nnthr^uinuno and anthracene 

dihydride, is obtained when aiithnupniione {2<t pts.) is heate<l with hydriudie 

acid of »p. gr. I T (80 pu.) yid phosphorus (4 pts.) in a vohsoI with rovensxl cotidonser 
for about an hour ; if the action is allowed to go on further, antbnicene dihydride is 
produced. The formation of anthranol is represciilod by the etjuation : 

2U» « H*0 f C»MP»0. 


Anthranol crystallises in yellowish needles, mr lts at 163®-! 70®, and at higher 
temperatures turns green and carbonises without volatilising. It is nearly insoluble 
in cold, more soluble in hot alkalis. The solution absorlsi oxygen from the air and 
then on boiling deposits ant hraqui none. AnU^nol is also conveited into anthriiquiDODe 
by oxidation with nitric or chromic acid. By boating upth zinc-dust it is reduced 
to anthracene. AVitb acetic anhydride^t forms a monoacetyl compound — 





which crystalfsea in light yellow needles, melting at 126®^131® (Liebermunn a. Topf, 
Deut. Ckem. Get, £er. i£ 1201). • 

3rtf Sup H 
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A«THML<|V3mOSril, F<yf7nation.---\, By tho action of phthalic 

chloride on benzene : 

When pure phthalic chloride was heated to 22^^ in sealed tubes with benzene and 
zinc-dust, a product was obtained which, after treatment with alcohol and sodium 
carbonate, yielded on sublimation yellow needles of anthraquinone. The yield was, 
however, very small, so that it is doubtful whether the above equation expresses the 
principal reaction (Piccard, Deut, Chem. Ges. Ber. vii. 1785). 

2. From ^-Benzoylr^bcmoic Acidifi^hx a. van Dorp, ibid. 678). — A mixture of 1 pt. 
iS-benzoyl-benzoic acid and 2 pis. phosphoric anhydride wit^ sand yields, when heated, a 
distillate of pnre anthraquinone ; but a better yield, amounting to 26 per cent, of the 
theoretical quantity, is obtained by heating the mixture to 200*^ for some hours, land 
then extracting the anthraquinone with benzene : 

CmCO.C'H’.COOH = H'O + 

This reaction affords a strong confirmation of the views of Zincke and Fittig that 
anthraquinone should bo regarded as a double ketone (27id 8uppl. 95). Parabenzoyl- 
benzoic acid does not yield anthraquinone. ** 

Anthraquinone, in small quantity, is obtained by distilling benzoic acid with phos- 
phoric anhydride. Here probably 2 mols. of benzoic acid coalesce, with elimination 
of water, to form ^-benzoyl-benzoic acid, which then, by tho further action of the dehydrat- 
ing agent, yields anthraquinone. An analogous explanation may be given of the forma- 
tion of anthraquinone by tho distillation of calcium benzoate (Behr a. van Dorp). The 
formation of anthraquinone from benzoic acid may, on the other hand, be regarded as 
a simple delwdration thus, 2C’H*0* — H*0 = C**H®0* (Kekul^ a. Franchimont, Dmt. 
Chem, Ges. Ber, v. 908). 

On tho preparation of Anthraquinone by the action of Chloride of Lime Solution 
and a metallic salt on Anthracene, see A. Henniges pol. J, cxxxi. S51 ; Chem, 

Soc. J, 1877, i. 360), ^ 

I * 

antro-antBraiiuliiones and tlielx> l»eriwatiwes (Bbttger a. Petersen, J. pr, 
Chem. [2], vi. 367 ; Deut. Chefn. Gee. Ber, vi. 20). It was stated in the Second 
Supplement, on tho authority of Bottger a, Petersen, that nitro-anthraquinones cannot 
be formed by tho direct action of nitric acid on anthraquinone. Subsequent researches 
have, however, shown that the nitration of anthraquinone can be effecUMl by the action 
of nitric acid alone without tho aid of sulphuric acid, the product being mononitro- 
anthraquinone when anthraquinone is boiled with nitric acid of sp. gr. 1*5 for half an 
hour or longer, and dinitro-anthraquinone when it is boiled wiSi red fuming nitric 
iicid of sp. gr. 1*62 for several hours. Nitric acid of sp. gr. lower than 1*44 scarcely 
attacks antliraquinone dissolved in it, even on prolongea boiling. 

Mononitro-anthraquinone^ C‘^H’(NO*)0*. — To prepare this compound, 
anthraquinone i dissolved in' six to twelve times its weight of warm nitric acid, of sp. 
gr. 1*5, and the solution is boiled for half an hour or longer. The liquid is then 
agitated with a large quantity of cold water, and the pale-yellow flocks thereby thrown 
down are washed with cold water. The pro<luct is a pjile-yellow electric powder, 
subliming readily in delicate needles which melt at 230°. It is insoluble in water, 
very sparingly soluble in ether and alcohol, hnope freely in ethyl acetate, benzene, 
chloroform, turpentine, and glacial acetic acid, from which last it separjvtea in fine ciys- 
tala. It is easily soluble in nitrobenzene, in strong sulphuric acid, and in aniline (which 
is also an excellent solvent for anthraquinone and authraccuc^vx>m pounds generally), 
forming with tho last a resinous compound, which dissolves with fine fuchsine-red 
colour in acetic acid, ethyl acetate, and other ethereal solvents, A mixture of strong 
nitric and sulphuric acids converts it into dinitro-anthraquinone. With fused alkalis 
it yields alizarin, together with a small quantity of anthraquinone. 

Hiouoaniido-anthraguinone^ C'^H'(NH^)0*. — This body is ^easily obtained by the 
action of reducing agents upon the prccediz^ compound. It is best prepared by boiling 
mononitro-anthr^uinone in fine jrawder with a moderately strong solution of sodium 
sulphydrate for some time, diluting with water, cooling, filtering, and washing the 
product with cold water. Thns prepared, it forms a bright brick-red powder, which 
sublimes easily in small needles. Melting point 256*^. It resembles the foregoing 
compound in solubiUty. It does not appear to combine wim acids. 

Dkuro-anthre^inone nitrate, C*^H^N*Of.NO*. — A body having th9 eomposition 
is thrown down in the form of a pale red pbwder, 'when a current of nitrogen tetroxide 
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is passed into a TOlntionof aniido-antlirciquinoDem etheiHtleohol. It is sparingly soluble 
in water, ftwely in ethyl acetate and alcohol, insoluble in ether. A^en warmed with 
water, it evolves nitn^n abundantly, and deposits flocks, which when heated yield 
a sublimate of glistening j-ellow' crystals, exhibiting the properties of Oraebe and 
Liebermann’s oxyanthraquinone (m. p. 202**) : 

C**H*0’*,N'.NO» + mr * C»*H*0*.0U 4. 4- NHO». 

Mononitm-antliraquinone. heiitcd to 200** with twelve times its weight of strong 
sulphuric acid, evolves a large quantity of sulphur dioxide. On afterwards pouring 
the solution into ould water, it deposits fine violet-red flocks of it/tidohudrojcyl-ttuikra'- 
UN— C**H«0*~0H 

quviime, | , which may bo Tjurifiod by washing with cold water and 

HN— C'*H*0*— OK 

rokeated evaporation of its alcoholic solution. It then forms a peach*b]ossom> 
coloured powder, melting when hetited to a dark t?berry-rod liquid which yields a 
sublimate of slender rose-coloured neeilles molting Mt 2t0**. It is nearly insoluble in 
water, but dissolves more freely ttud with tioop nist' colour in alcohol, ether, ethyl 
acetate, chloroform, bemseue, and glacial acetic acid, crystallising especially well fh)m 
the last. 

Dinitro-anthrnguinonf, C‘^H*(NO*y''0*. — Of this coin|;>ound there are two luixliflca- 
tionSjgi and J8. The former is produced by treating untiinujuinone with a mixture of 
strung nitric and sulphuric acids, or, as alx>ve statixi, with red fuming nitric acid at 
the boiling heat for several hours. Its proportieti and those of its reduction-derivatives 
have been already described (2tul Supply 01). 

0*Dimtrc^anthraqumoHft identical with Anderson’s dinitroxanthrac^e, and Fritx- 
sche’s oxydinitrophoteno (1«/ Suppl. 180), is obtained, in combinatiun with chrysenOit 
by the action of dilute nitric acid on chrvsune in alcoholic solution, and may be sepa- 
rated from the resulting coLiq>ouud, by the action of hot stnuig 

sulphuric acid (see Chhyskhk). It is very slightly s<»[uble in alculud, ether, carlKui 
sulphide, chloixjform, and benzorio, luid crystallises frau l>oiling gliici^ii acetic acid in 
brilliant yellow needles melting at 280**. When heat4*d it subliiaus with slight do* 
composition in almost eolouvlcsr stir^ated plates. In worm sulpliuric acid it dissolves 
without change, but on halting iHa solution it turns ml and brown, and at 200** givci^ 
ofl’ sulphur dioxide. On (x>aring the solution into water, brownisit-rod flakes separate 
out, dissolving in alcohol, ether and acetic acid with a crimson colour, in ammonia 
with a roddish-violot and in |)otush with a bluish-violet colour. The dry compound 
is a glisUuiing, black, amorphous puw'dcr (E. Schmidt, J. pr, Ckem. (2J, ix. 241). 

Ozjrantliraqulnonea. Grimm, by healing hydroquiiirme witli phthalio anhy- 
drule and strong sulphuric: acid, obtained the phtnalein of hydroquinone, together 
with quiiiizuriri, an isomcrido of alizarin. The other phenols, when heatisr with 
phthalic acid or anhydride, have hitherto been known to yield only phtlialeins {2nd 
Supply U77); but the rwent experiments of Baoyer a. Caro (Deiit, Cfiem. Ges, Her. vii^ 
UG8) have shown that all ibo phenols, except resorcin and pyrogallol, when heated 
with phthalic acid, yield, uccordi':g to the conditions of the reaction, either a phthaleiu 
by combination of 1 mol. phtlialic anhydridi with 2 mol^. of the phc/^ol, or an oxy- 
anthraquinonu by combinati'm of 1 mol. phthalic anhydride with 1 mol. of the phenol. 
The reactions bike place witli or without the assisbioco of a ilchydrating agent. At a 
moilerate heat and with a nuidumte prrq>ortioiiof t he (bliydraot , phthaleins are formed, 
at higher temperatures, an<4.with a larger projKirtion of the dchydrant, tlie pnsluct is 
an oxyanthraquinone. llcsorcin anti pyrfjgallol, even without the aid of sulphuric 
acid, always yiohl phthalcirlk ; phenol, hydro(juinono, and pynjciiiochin, on the other 
haUil, do not act upon phthalic aci<l without the ai<l of sulphtiric (udd, but with the 
assistance of Uiat they pro»luce phtlialeins or oxyanthriujuinoncs according to 
the circumstances alxive niontioncd. 

1. UoNoxTXXTHnxQriKr^yK, — Of this compound there are two modifica- 

tions, distinguished by the names oxytmtkmqyinone and ervthroxyanthraquifwne, both 
produced by the action ol phthalic anhydij^le on phenol in presence of sulphuric 
acid : 

-I- C»HiO - H»0 + 

WhcD the mixture of these substances is gODtly warmed, it gr^nally assumes a 
brownish-yellow colour, from formation of phenol~p^KaUin^ Oa adding more salphurie 
acid, phenolpHthalein-s^^onic acid is pre^uced, and if the heating be continued, and 
the temperature raised, tlfe colour changes finally to a brownish -yellow. The addi- 
tion of wateTj^t this st^e causes the precipitation of or brownish floccuH, con- 

sisting of a mixture of ttie two oxyanthra^inones. llie formation of the {ihthalein 
does not appear to be essential to the xirixmclion of oxyanthror^uinone, since if phenol 
« u 2 
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be added to a sufficiently hot mixture of phthalic acid "with sulphuric acid, the i^n- 
thraquinoue is obtained without coloration due to the phthalein being observed ; and 
as phenolsulphonic acid, phenol-disulphonic acid, and oxysulphobenzide give a similar 
result, there is reason to supi> 08 e that the phenol-phthaloin is converted by heating 
into phthalic acid and a sulpho-acid of phenol, which substances, at a higher temper- 
ature, gradually react to form oxyanthraquinoi^ : — 

C»H^O* + 2Cf*H®0 == H®0 + 

+ 4SO<H* « 20«H®S*0' + 3H*0 + 

C*H<0* + « 2SO^H* + 

Salicylic acid, anisol, and even anisic acid behave like phenol ; with salicylic acid, 
particularly when small quantities are employed, the reaction takes place with greater 
regularity than with phenol. 

The two oxyanthraquinones may bo separated by taking advantage of the fact that 
when the former is boiled with water and barium carbonate, it forms a soluble barium 
derivative, whereas the latter is without action on the carbonate. 

Oxyanthrnq uinone, the modification which Li ebermaiin obtained by theaction 
of melting potash on anthraquinone-monosulphonic acid, crystallises from hot alcoliolic 
solution in yellow laminse or needles, and fi'om glacial acetic acid in long silky needles. 
It does not melt at 285^, but sublimes at a higher temperature in lemon-yellow 
laminae. When heated with zinc-dust, it yields anthracei-e, and when warmed witli 
fuming nitric acid, large quantities of phthalic acid. 

Oxyanthraquinono is very soluble in water. It dissolves in alkalis, forming red- 
dish-yellow solutions ; also in lime and baryta-water. Its solution in hot strong 
baryta-water deposits rod crysttils, which, aflep drying at 130®, have the composition 
represented by the formula It is insoluble in acidulated water. Its 

acetyl derivativef C^^H^(C'^H®0)0^ ciystallisea from alcohol in small yellowish 
muttetl needles (Liebermann, lAehig's Annalen^ clxxxiii, 145). 

Erythroxyanthraquinone crystallises from alcohol in groups of pomegra- 
nate-yellow needles, which aro^ore soluble in hot than in cold alcohol. It melts at 
173®-180®, but sublimes already at cond^sing in long reddish -yellow needles 

of the colour of alizarin ; when sublimed it crystallises in very fine needles. It is 
i almost insoluble in dilute ammonia, and only slightlj' soluble in concentrsted 
ammonia. With baryta or lime-water *it yields a dark-red, almost insoluble lake, 
which is decomposed by carbonic acid. The absoiytion-spectrum of a solution ot 
erythroxyanthraquinone in concentrated sulphuric acid exhibits a narrow band in the 
green, which does not appear in that of the isomeric body. Both yield ordinary 
alizarin when fused with potassium hydrate ; the orytliroxyanthraquinone, however, is 
loss readily acted upon (Baoyer a. Caro) , 

l>loxy»iitliraqiiliiones, = These comx)ounds 

admit of numerous modifications, depending : 1, On the manner in which the car- 
bon-atoms in the group C*0® are connected with the two benzene-residues C*H®, — 
2. On the Relative positions of the two hydroxyl-groups, which may bo situated 
either (a) in the same bonzqno-group, but in difibrent positions (ortho-, meta-, para-) 
with regard tef each other, {fi). In difie^ent^ benzene -groups, and likewise in diflferent 
positions with regard to each other. 

The number of possible dioi^anthraquinones is therefore very considerable. Ot 
those, however, only eight are at present known : their names are given in the follow- 
ing table, together with the molting points of *^heir diacet^l-derivatives : — 


Alizarin 

Quinizarin . , 

Purpuroxanthin . 
Anthraflavic acid . 
Isoonthmflavic acid 
Anthraflavone , 

Chrysazin 

Fiangulic acid 

% 

M. P. of 
. 160® 

S 200® 

. 184° 

228® 

• 175®-180® 

not determined 
. 220®-230® 

184® 

Dioxyanihra^uinoneg, 




AllsArtn* from Fyrocateckin . — ^Vhen pyil^techin is ^ntly heated 

with phthalic anhydride and sulphuric acid, the corresponding phthaUiEa is apparently 
produced ; but if the temperature be raisef^ to 140®, the colottr changes from rose-red 
to brown, and after a time water precipitates a brownish -black mass. The residue 
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from the alcoholic extract of Uiis luaas yields alizariti on sublimation* Omiacul 
b^aTes in a similar niauner. l^rotocatechuic acid also yieMa traces of aUearin, but 
is in B^reat part decomposed iu other ways. Hydioqninone hoaUd in like niaxmer 
yields qainizarin. 

Prt^ration . — Liebermann a. Troschke {Dent, Chem* Gf$, Bcr, viii. 379) prepare 
pure alizarin by dissolving the commercial product in caustic soda, precipitating tiie 
sodium alizarate with carbonic acid, Uien decomposing it a-ith aw acid, and, after re- 
peating these operations three times,' boiling the partially purified alizivriu with excess 
of bar^ to remove monoxyaDthraqainoiie> and aecomposing the Imrium com|K)und of 
alizarin with an acid. 

On the separaiion of Alizarin from Monoxyanthraquiuono, see also Willgerodt 
{Dingl, po^. J, ccxvii. 238 ; CKetn* Soc, Jour, 1876, i. 240). 

On the pre})aratioQ of Artificial Alizarin, see also A. Ott AVw'#. xxx. 113). 

\ Afg/tinff Point, — Arcuisiing to Claus a. Willgerodt (Drut, Chem. Oes. Ber. viii. 
630), perfectly pure alizarin nu lts at a tempon\fure much higher than that usually 
a.ssignod to it (216®), nanu*ly, at 289^-20O°* 

Beaciion with Citrous Aci ^, — When potassium nitrite is grndimlly added to a 
solution of artificial alizarin in strong sulphuric acid, f»r wlion nitrous vapours (frtmi 
nitric acid anti starch) are passtnl through the same tKilution, the original dwp red 
colour of the liquid changes to brown, and a drop of the mixture uddtKl U* ouustic soda 
givo% no longer the vinlvl-red rwict ion of alizarin, hut a yellow-rod coloration. On 
lurthor addition of the nitrite, the colour of tbo liquid ultiniatoly Iwcomes deep M'ine- 
vcllow, a drop of it no longer givt^ any colour- reaction with soda, and on pouring it 
111(0 water, a precipitate of ant hraqui none in obtained, amounting to aliout a thin! of 
the alizarin employed. On mixing tin* yellow filtrate with calcium fHrlMmate, preci- 
pitating tins calcium with sodium carbonate, and evapi>rating tho filtered liquid to 
drynesH. an orange -yellow residue is left, containing an anlhniquiiiono-monosulphouic 
acid. The reaction may bo represented by the following iK)uatious : 

!• + iNO’H + SO*ai- .INO'H + H»0 

C‘H'<^^>C*IP(OU)’ ) +C*JP<p{]>C*JJ* + C*U‘<J;(,*>C*H»(.SO*JJ).^ 

Aliz^irii) (‘i mot*.) Aott,ra<{niiiotio, Ajithrfiqufnone-moncMuIphimio sdcl. 

Precisely the same result is obtained with sublimed natunil alizarin, showing that 
it is not due to the pro-oxistcncc r>f anthraquinone in tlio artificial alizarin. The 
reaction likewdsc goes on in tho same way when glacial acetic acid instead of sulphuric 
acid is used to dismjlva the alizarin. 

Tlio alsivo-mcntionod col our- react ion with sodium hydrate shows that the 
alizarin is first convert I'd into inonoxyanthrar|uinoiie, anti afterwards into anthra- 
quinone. 

Purpurin, natiiml or artificial, when similarly treated, gives the same final resultJ^ 
but d<x*s not appear to be first convertetl into alizarin, the deep rod alkali reaction oi*^ 
purpurin quickly ijassing into wine-red, but not into violet. This agrees with the 
observation of Itosenstiohl, that purpurin is oonve^rted by rB<luctionf, not into alizarin, 
but into purpuroxanthin (Nienhaus, iMut, Chem* Gee. Jier, viii. 774). 

On the function 0 .*“ Acids in Dyeing wdth Alizarin, soo llosonstichl {Cknnpt, rendL 
Ixxxii. 86). ^ 

On Alizarin as an indicator in Volumetric Analysis, see AkAlysis (p. 83), 

B romulizarin, C**IPIlrO* (Perkin, Chrm .W. Jour, f2J, xii. 401). — This roni- 
fx)uud is prepared b? healing alxmt 3 parts of pure dry alizarin and 2| parts bromine 
dissolved in carl on sulphide, to 180®- 190® in sealed tulnss for four or five hours, open- 
ing the tubes wh^-n the reaction is compUteil, to allow the excess of hydrogen 
bromide to escape, and transferring tho contents to a shallow dish to allow tho carbon 
sulphide and the rema^ring bromine to evaporate. The orange-coloured powder 
thus obtained may H purifier] by two or# three cxystallisations from glacial acetic 
acid. 

Bromalizarin thus preparerd crystallises in orange or brownish-orange-coloured 
needles, often gioupod in small tufts. AMien heaUrd slowly, it first roells to a brown 
liquid, which solidifies to a ciystallino mass on cooling ; but* if further heated, it gives 
off orange-ltoloured vapours, which when condensed form ^ a sublimate of feauiery 
groups of needles of a mdgbt orange-rod colour, consisting apparently of tmebaagod 
bromalizarip, 

Bromaliznrin disstfives with difficult j hi alcohol, but more readily in glacial acetic 
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acid* ' It dissolves in a solution of potassium hydrate with a blue colour; in am- 
monia, and in sodium carbonate, with a purple colour. > The coloured solutions 
produced by these reagents are exactly of the same tint as those given by alizarin. 
The solution in potassium hydrate also gives the same bands when viewed with the 
spectroscope. 

As a dyeing agent, bromalizarin retains all the properties of combining with 
mordants possessed by alizarin, and the colours jprodueed by it appear to be equally 
fast. The shade of colour produced is, howeve^ not the same, the reds being less 
purple and the purples less blue than those produced with alizarin. 

Bromalizarin heated to 100® with ammonia in a sealed tube is quickly converted 
into an indigo>blue nitrogenous product. It is rapidly attacked by nitric add^ the 
mixture when heated giving off abundance of red fumes and bromine- vapour, and 
yielding a solution containing oxalic and ^hthalic acids. From the formation of the 
latter acid, it may be inferred that the bromine in bromalizarin exists in the carbon- 
group which contains the two hydroxyls, as otherwise the product of the oxidatic^ 
should be a bromophthalic acid. 

The formula of bromalizarin may therefore be written : — 

C*H*<^®>C«nBr(OH)». 

( OH 

Diniirophenyl-alizarint formed by treating alizarin 

with dinitrophenyl chloride (Claus a. Willgerodt, Deut, Ckem^ Ges. Ber, viii. 630*>. 

Qainlsariii (F. Grimm, Deut. Chem. Ges, Ber, vi. 506). This body is pro- 
duced, simultaneously with the phthalein of hydrojquinono, by heating hy^&oqninone 
to 130®-140® with strong sulphuric acid and phthalic anhydride : 

C»H<0» + H*0 + C**H'»0* 

Quinizarin. 

C»H^O* -h 2C«H«0’' - 211*0 + 

Uydroqulnonc 

•phthalein. 

The quantities of the two commands actually obtained are however much below 
those required by the preceding equations, viz., 20 to ^5 per cent, of the theoretical 
a^iount of the phthalein, and only 1 to 2 per cent, of the quinizarin. 

Quinizarin is likewise formed by the actijn of phthalic anhydride on all substances 
which, when heated with sulphuric acid, yield either hydroquinoiie or its sulpho-deri- 
vatives. Thus it is formed from quinic acid, which is converted into a-hydroquinone- 
disulphonic €w:id on heating with sulphuric acid; and from potassium thiochronate, 
which, when heated with sulphuric acid, furnishes iB-hydroquinonedisulphonic acid. 

Quinizarin crystallises from alcohol in red needles, from ether in yellow plates ; it 
molts at 19‘4°-105® (uncorroctcsd) afrer sublimation ; at ISliS'-lOS® after ciystallisat ion 
from alcohol. It perhaps bears to munjistin the same relation as alizarin to purpurin. 
With alkalis it gives a blue solution with a slight violet tint ; with baryta, a beautiful 
*lduo-violot compound ; with alumina, a red lake with a violet shade ; and w-ith 
magnesia, a deep blue violet. The weak alkaline solution becomes brown-red 
on the addition^ of ferric chloride, and ^'^ives a dark red precipitate wdth lead 
acetate. * 

Quinizarin, in most of its properties, bears a strong resemblance to alizarin, and, 
like the latter, yields anthracene* (m. p. 210®-212®^ when heated with zinc-dust. 
The chief differences between the two are that alizarin gives greenish-yellow fluores- 
cent solutions, whereas quinizarin gives non-fluoxescent solutions, and that the spectra 
of the two exhibit different absorption- bands. A comparative table of those spectra 
is given in Grimm’s paper above referred to. 

Constitution of AlUarin and Quinizarin, — These two dioxyaluLhraqui nones, being 
formed by the action of phthalic anhydride and sulphuric aoid on dioxy benzenes, the 
former from pyrocatechin, the latter from hydroquinone, must have their two 
hydroxyls in the same benzene-nucleus ; that is to say, they must both be represented 
by the formula : 

C^‘<C^OH»(OH)». 

Moreoyer, they must hare their hydroxyls in t!ie same relative positions as in the 
phenols from which they are deriv^, which will therefore be, for alizarin 1 : 2, and 
for quinizarin 1 : 4. Thi^re still, however, remains a question as to the inode of at- 
tachment of the ketonio groups, CO, to the two benzene-ntiehdi. Now the formation 
of alizarin from phthalic acid, and its conversion into that acid by oxic^gtion, afford 
sufficient proof wat the two CO-gronps are atUiohed to oontignous carbon-atoms of 



ANTJURAQUINONES (DIOXY.). 103 

one of the benEene-nuclei. But 'rith regard to their mode of attachment tqt the 
other benzene-group wc cennot at presont speak with equal ceitainty. It has inde^ 
Ijeen shown by Bohr a. van Dorp (p. 92) that anthracene (and therefore anthraquH 
none) is not a para-derivativo of benzene ; consequently, the two carbon-atoms in the 
aecond benzene-group to which the CO-groups are attached cannot be in the piCra- 
}x>sition with regard to each other ; and tliis concluaion is coti6rmod by the formation 
of two isomeric rooiioxyanthraquinoncs (p. 100): for a para-derirative in which the 
tw’o substituted radicles arc idenucal cannot yield more than one tri-derivalive 
(oam-dibromolienzeiie, for example, yitdda only one munouitro-tlibmmo-benzeno), 
But whether the two e4trl>on-atoms in question are in tho rolativo position 1 ; 2 or 
1 ; 3 must for tlie present renuiiu undecided* although the balance of evidence Ap- 
pears to be in favour of the 1 : 2 position (p. 92). In the former case the fonnulm 
to bo assigned to alizarin and quinizarin are ; — 

\ Alizarin. Qliiiiimarlti. 

nil OH 


.CO- xy^ "^cou 

C‘H*< II I 
'CO— Cv «CH 


Qliiiiimarlti. 

OH 


In tho latter 


'<KZ> 


OH 


< ;0 C (X 

HOC^ • ^OH 

CO -O 




(Ilaoyer a. Caro, Deut, Chem, Oen. Her. vii. 968). 

3. PurporozAiitlifiB, 0*!ltC-(>vCMl^OH)*. This dioxyanthraquinono was first 
cbtainiHl by 8cliutxenberger from madder (2«^i Suppl, 1027). It may 1 k» propar^l 
artiricially from purpuriu by rcxluctiim %»'ith stAimous chloride (Si'hiitzenlierger) or 
with phosphorus. A hot alkaline soinlioii of piirpnrin dissolves phosph»irus without 
fvolulion of hydrogen, an<i tho purpuriu is quickly nniucod to purpuroxanthin, which 
may easily be separated from the solution as a bright yellow crystalline powder 
(lioseustichl, Compt. rend. Ixxix, 764). It is also fnrmwl by the net ion of nitrrjus acid 
on purpuratnido (fd**b<'rmsfin a KiM her. Devt. Ch*^n. (ie*. Her. viii. 974): 

+ NO’H + H* - C**H»0» N" + 2Hn^. 


Purpuroxanthin sublimes in nce<lles of the same colour as alizarin \ it, dissolves in 
acetic acid, alcohol, and benzene, also in alkalis, forming solutions of a beautiful red 
colour, which is changt^d to brownish by reducing Agents, but roapix^nrs on pouring 
tho liquid into .acidulatwi water (Ibjsenstiehl), According U) KoBotUtichl, it cioss not 
dye with iron or alumina mordants ; according to Hcliiitzenbcrger, on tho contrary, it 
dyes i>ale grey with tho former, orango-ycllow with tho latl^sr, the colours being how- 
ever less pure than those of purpurin. 

Puipuroxanthin boilerf* with hydnodic acid and phosphorus is first rnluced fo a 
greenish -yellow l^y, (C'*H'*0*, or C*MI**0*), which dyes alumina mordants like quer- 
citron ; but, by prolonging the action, antbracoiie is obtained, ns is likewise the case 
when purpuroxanth^ is treated with zinc-dust. ‘N^’heo boilM in nlkaline solution, 
purpuroxanthin is oxidised to purpurin* identical with that of madder, and with that 
which is formed by the oxidation of alizarin ( Rosen stiehl). 

The formation of purpuroxanthin by reduction of purpurtn, and its reconversion 
into pnrpurin by oxidatiout show that these two colouring matters are similarly oon- 
etituted. Now Baeynr has lately shown JLhat in purpurin the three hydroxyls m 
situated in the same benzene-nucleus : consequently, purpuroxanthin must* lika 
alizarin and quinizarin, have ita two hydroxyls in the same benzene-group; and 
this conclusion is coqflrmed by the ol^scrvation that purpuroxanthin when oxfdtsed 
with nitric acid is converted into phthalic acid, together with oxalic acU Md a 
resinous subetanee (Liebermann a. Fischer). Moreover, sinae alizarin and quinizarin 
have their two hydroxytain the ortho- and para-positions respectively, it follows that 
in purpuraganthiri the two hydroxyl -groups must be to one another in the meta- 
posiiion 1:3. • ^ 
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Purparoxantbin heated with aqueous ammonia is conTerted into an amide, 
from which it has not yet been found possible to eliminate the amidogen-group. 

Uiaoetyl-purpuroxanthin, crystallises in light yellow needles 

melting at 183^>rl8^^ (Liobermann a. Fischer). 


Turpuroxanthic Acid, - C>*HWCO*H (Schunck a. Roemer, Chmn. 

Soc, Jour, 1877, i. 666 ; DeuL Chem. Ges, Ber, x. 172), — iThis compound, related to 
purpuroxanthin in the same manner as oxybenzdUc acid to phenol, is one of the con- 
stituents of madder, and may be extracted from commercial purpurin by treating 
that substance with boiling alum-liquor ; adding hydrochloric acid to the solution ; 
treating the resulting precipitate with boiling alcohol, which partly dissolves it, and 
the undissolved portion with boiling alcohol slightly acidulated with hydrochloric 
acid, whereupon it dissolves, forming a ^solution which deposits a small quantity of 
crystallised purpuroxanbhic acid. An additional quantity was obtained from the 
mother-liquor, which remained after recrystallising the purpurin (partly purified^ 
above) from boiling alcohol. This mother-liquor, whi(m also contained alizarin, 
purpurin, and a substance (not yet identified) soluble in boiling baryta- water, was 
evaporated to dryness, and the residue was treated with boiling water, in which pur- 
puroxanthic acid dissolves more readily than the other substances. The filtered 
liquid mixed with hydrochloric acid gave an abundant orange-coloured precipitate, 
which was treated with boiling- water, to remove the purpuroxanthin and the un- 
known substance accompanying it, the barium purpuroxan tha to remaining undissolved. 
This salt was decomposed with hydrochloric acid, and the * liberated purpuroxlnthic 
acid was crystallised from boiling alcohol, the accompanying traces of alizarin and 
purpurin remaining in the alcoholic mother-liquor. After two or three crystallisa- 
tions from glacial acetic acid, it was obtained pure. 

Purpuroxanthic acid possesses properties by which it may readily be distinguished 
from pseudopurpurin, purpuroxanthin, and the other colouring matters described 
by Schiitzenborgor and SchiflFert,, as existing in crude purpurin (iv. 751). It melts 
at 231^, and splits up between 232^ and 233° into pui*puroxjinthin and carbon 
dioxide, so that it can scarcely be sublimed without decomposition. It is more 
soluble in boiling water than ixost madder-colouring matter.s, aiul forms a yellow 
solution which deposits ciystallino flocks on standing. It dissolves easily m hot 
spirits of wine, giving a ydlow solution, which on cdbling deposits yellow lustrous 
Koedlos. These needles, on exposure to the air, gradually become dull, apparently froi.i 
loss of water of crystallisation. Concentrated alcoholic solutions, however, frequently 
yield crystalline plates, which retain their lustre when heated, and are therefore pro- 
l)ably anhydrous. Purpuroxanthic acid dissolves easily in glacial acetic acid on 
boiling, giving a yellow solution with a slight green fluorescence, which, on cooling, 
deposits yellow shining micaceous scales resembling iodide of lead. Dilute solutions 
deposit on standing long crystalline needles of a deep yellq.w or reddish-yellow colour. 
On one occasion fiat triangular plates were obtained, which became completely opaque 
on drying. 

Purpuroxanthic acid is soluble in ether, chloroform, and benzene. It dissolves in 
concentrated sulphuric acid, giving an intensely yellow solution, which shows no 
absorption-bands. It is easily decomposed by treatment with boiling nitric acid of 
ordinary strength. It dissolves in caustic • potash, yielding a solution resembling in 
colour alkaline solutions of purpuroxanthin, but with a more decided red tinge ; it 
shows no trace of absorption-band|. When treated for some time with boiling caustic 
potash-ley, purpuroxanthic acid yields purpurin, but whether purpuroxanthin is 
formed as an intermediate product has not been ascertaiiiQi}. It is ejuite insoluble iu 
baryta- and lime-water. The ammoniacal soldtion gives rod precipitates with the 
chlorides of barium and calcium. An alkaline solution gives w'ith alum a precipitate 
which dissolves completely in an excess of boiling alum-liquor, yielding a vellow 
solution which is not fluorescent, and shows no absorptiun-btftids ; on stan(£ing it 


deposits orauge-colourod flocks., • 

Purpuroxanthic acid dissolves in a boiling solution of ferric chloride, with deep 
reddish-brown colour, and is reprecipitated by hydrochloric acid in yellow flocks. 
The alcoholic solution gives with acetate of lead an orange-coloured precipitate, the 
supernatant liquid being colourless. Sinch purpuroxanthin is hot precipitated from 
its alcoholic solution by acetate of lead, the two substances may by this means be 
fUstinguished as easily as by the difToreDce in Iheir barium s||nipounds. Purpnro- 
xantiuo add in the freshly precipitated state dyes alumina moidalfes an orange, and iron 
mordants a brown odour ; but the colours are fugitive, and disappeai^ entirely on 
treatment with boiling soap-liquor. 
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he bM since recognised its identity with pnrpupoxanthie acid luxir. A50). 

Mnnjistin, the colonring matter obtained by Stenhoose itom mnigoet or East Indian 
madder (iiL 1061), is also most probably identical with purpuroxanthio acid. Its 
composition, as determined by Stenhouse, agrees indeed more nearly with tho formula 
C‘*H*0* than with C**H*0* ; but its principal properties are exactly those of purpur* 
ozanthic acid, as Schunck a. Roomer find tAat it t>ogins to twften at 226*^, molts com- 
pletely at 230®, is resolved at swi^her temperature into carlnjn dioxide and 
purpuioxanthin, and is converted by Aiaion with caustic alkali into purpuriu. 

II. Diosj/antAraguiHonet, C*H>(0HX^^>C‘H*(0H). 

4 an<l 5* Anthrmflavii and X»o*niitbraflaTio Aetds (8o!muck a. Roemer, 
Ckenu (Sfr/*. J5Cr* viii. 1628 ; ix. 379; Perkin, Ckttm, Soc. Jimr^ 1676, i. 8A1)* 
Antbraflayic acid, an isomerido of aliziirin, w.is originally obtained jls a byc'prtduct 
iu the propanition of the latter l>y melting anthnvi]uinone diHulphonic acid uitii potash 
(2»<f Suppl. 86). 

Iso-anthnifliivic acid was prepared by Solmtick a, Itoomor, from a byo-proiluct 
obtained in Perkin’s alizarin works, by treating crude alizarin (prepartnl cliietiy from 
an thraquinonc-disul phonic acid) with lime-water, amt precipitating the rod extract 
W'ith hydrochloric acid. Tliis procipitaio having Wen fr<‘ed fri>m a small (quantity of 
antbroqui none by solution in dilute cauKtic wala-ley. the flit rata mixtd with hydro- 
chloric acid yiebUd a yellow gelatinous precipitate, partly Bolublo in cold baryta- 
water, and forming a bbxxl-rfd solution from which acids threw down a yellow 
gelatiiKms precipiUte of iso-anthraflavic acid. Py rcqaiatod crystallisation from 
alcohol, this compound is obtaiueil mostly in long yellow noo<UeK; sometimes, 
however, in laminse, which may bo convoplCHl into tho noodles by further crystalli- 
sation. 

The portion of llie original precipitate which is soluble only in hot baryta-wator 
Cvinsists of a n til ra flavic acid. 

Perkin has obtained iso-ant hrafiavio. acid <lir«vtly ant Iinojuinone-dliiulpbonii? 
acid. I»y heating a salt of that aidd with dilute jHitash -solution (containing 6 per coiiU 
KHO). Tho mixturo was placeil in a strong mercury IkjUIc, tho plug being woll 
luttd and tightly scrow'C<i down, and then heated in an oil-bath bi for six* 

or Boveii hours. In this way srarccly any aiithrapurpurin was fomuHl, the product 
being a ro<l-bn>wn solution. On treating this with acids, largo ijuantitios of sulphur- 
ous anhydrivle were given off, ami a yellow precipitate w'iis fonruwl ; this was r.oli(M:tod 
on a filter and washed. On treating it with cold baryta- wafer it mostly dissolved. 
The solution when concentratfHl dcptisibMl a tbirk -colon retl jirmluct, apparently crude 
barium anthraflavate, lpjiviD:i: a <birk-re<l wdution, which, when acnfifliHl, gave a 
greenish-yellow preoipifitto eontfiining a largo qimnfit.y of iso-antliraflavic acid, 
purifiablu by repeated cT>'stallibutiun fnjm gbveial acetic acid, in which it is slightly 
soluble. 

Tho crystals of iwj-anthmflavic aritl contain sevrnil inoleculos of wat«r, the last of 
which they do not give off till bt.at.ed to 120® 460'’, at which Uunporaturo they almt 
laso their lustre. Cold Isiryta- and limo-*-v.ater di.sHoUo iso-anlhrafl wic acid with 
dark-red colour. It does not ]:>osses8 tinctorial pixiperfies. 

By fusion with potash, iso-anthraflavic acid is converted into anlhrapurpui’in, and 
aiitbraflavic acid into flavopurpnrin* (p. 11 1). * 

Barium iM-anthraJiamii^ C**H*BaO\ is very soluble in water, and cryslalliseiH, 
though with some difficulty, in <lark r<si shining nmdies, which dt^omysiso rciwlily on 
exposure to tho air, and give off their water of crysullisation at 160®. 

Raritim Anihrafia^^U is but very slightly soluble in cold wab>r. It rosemblw 
tho iso-anthrafiavate in appearance, and is likowisi; dccompr>sed, though less quickly, 
on exposure to the air. The cnrstals, when left over sulphuric acid, give off h Urge 
quantity of water, lose their lustre, and V>ecome lighter- coloured. The last lw<i 
molecules of water are givsn off at 160®-! 80® bSchnnek a. Roomer). According bi 
Perkin, the salt dried 180® has the compo^tion 2C*4I*BaO* + H*0. 

The following table exbiluts a comparative view of the properties of the two 
iKiineric acids ; — 

• It 


f 

would m better if tbe usidca ot tiie two usids were tronspOMrd. 
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Iso-anthraftavic Acid, 

*■ 

Cry8talli«e« from aqueous alcohol with 
water of crystallisation. 

Melts above 330®. 

Less soluble in glacial acetic acid than in 
alcohol. 

Nearly insoluble in benzene, chloroform, 
and ether. 

Dissolves ill hut concentrated sulphuric 
acid with deep red colour. 

Easily soluble in cold baryta- water. • 

Eiisily soluble in lime-water. 

From the aqueous solution of the barium 
salt, carbonic acid separates free iso- 
anthrahavic acid, but the salt is repro- 
duced on boiling. 

Soluble in alcoholic acetate of lead. 

The solutions in alkalis and alkaline 
earths have a deep red colour. 

Sublimes in shining yellow needles and 
laminae. 

Docs not cofour mordants. 


Anthraflavic Acid* 

Crystallises without water. 

The same. 

Tj(ve same. 

The same. 

Dissolves in strong sulphuric acid witji 
yellow colour. 

Insoluble ix^cold baryta-water. 

Slightly soluble iu cold, nearly ius^ible 
in hot lime-water. ^ 

The same. 


The same. 

The solutions in alkalis and alkaline 
earths hav^ a more or less ytllowi sh- 
red colour. 

The same. 

The samt'. 


Tetrahrom-isoanthrajlavie Acid, C‘•H^Br^O^ is prepared by dropping bro- 
mine in large excess into an alcoholic solution of iso-anthrailavic acid. The liquid in 
a few minutes solidities to a crystalline pulp of yellow needles slightly soluble in 
alcohol, somewhat more easily in glacial acetic acid, from which solvent it may be ro- 
crystallised fbr purification. * 

Tctrabromanthrajlavic^ Acid, prepared in like manner, is nearly insoluble in 
both the solvents above mentioned. The crude products, which also crystallises in 
yellow needles, was freed from unattacl^d anthrafiavic acid by repeated boiling with 
alcohol (Schunck a. Roemer), 

Diacetyl'isoanthrajlavic C*^11“(C®H*0)*0*, is formed by heating the 

acid wdth acetic anhydride to 160®-180®. It dissolves with some difficulty in alcohol, 
more readily in glacial acetic acid, and separates from the former solvent in pale 
yellow microscopic crystals, which cake together at V75® and melt at about 195®. 
I'lio acetyl is removed by heating with alcoholic potash, and the resulting liquid, 
treated with acid, yields a precipitate of iso-anthraflavic acid (Schunck a. Roemer). 

Diaeeiylanthrajlavic <2, discovered by Perkin, is pre^^ared in a similar 
manner (2nd Suppl, 87). It differs from the preceding acid by its greater facility 
of crystallisi^ion, and by its melting fjoint, 227® (Schunck a. Roomer), 228®-229° 
(Perkin), • 

Dieihyl-%90 anthraflavic Acid, C*<II*‘(C®H*)*OS is prepared by heating iso- 
anthraflavic acid, for a few hours, with s<xla-ley, etliyl iodide, and a small quantity of 
alcohol. The product is a body insoluble in caustic alkali,^nd purifiable by one crystal- 
lisation from alcoliol, from which it separates, in long shining light-yellow needles. 
This compound is quite insoluble in water, slightly soluble in alcohol and ether, more 
freely in glacial acetic acid and benzene, soluble also with red-violet colour in strong 
•ulpl mric acid, the solution exhibiting two indistinct absorption -bands in the green 
and yellow, and, on stronger concentration, likewise an absorption-band in the blue. 
It melts at 103®-194® (Schunck a. Roemer). 

I}iethylanthraflavic Acid, prepared like the preceding compound, forms 
somewhat lighter- coloured crystals, aqd in most r^espects ^resembles the acid last 
described. Its solution in strong sulphuric acid is red, and gives an absorption-l>and 
at the boTtler of the green and blue, much more distinct than that formed by antbra- 
flavic acid under similar conditions. 

Diethylanthraflavic acid melts at 232®, and solidifies, e^en when quickly c/K>led, 
in large prismatic crystals, a property likewise possessed by diethyl-isoanthraflavic 
acid. 

Dimethylanthraflavic Acid, prepared in like manner with m^hyl iotlidc, re- 
sembles the diethyl-cuinpouud in most reppects, but melts ift 247°-'248® (.Schunck a. 
Roemer). 
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6. Aatbraflavoiie (Barth a. Senhofer, Luhia*M AnnaUn^ clx*. 100). This xnodiA- 
cation is produced in small ^itantity by dry distillation of oxyljcnwjic acid, and much 
more abnndantly by heating that acid with slightly dilute sulphnrio acid (9 gf 
strong acid to 1 of water) to 180®^200^ in sealtHl tul>ea, for three or four hi>urs : 

2C»H*0* - 211^ « c'*n*o\ 


On pouring thg contents of the tubes itfto water, a dark -green precipitate of the new 
compound is produced, whilst aulphoxybenzoic acid and the excess of sulphuric acid 
^ remain in solution. The green precipitate is dissolved in baryta-water, boiled with 
animal charcoal, and rep^eipiiated by hydrochloric acid; after being waahed and 
dried, it is mixed with animal charcoal and exhausted with ether. To obtain the sub- 
Ktance of a pure yellow colour it is necessary to repeat the latter operation several Umos. 
In this state it consists of yuUow czystalltne cAists composed of microscopie needles. 
It d^psolves with difBculty in nther, more readily in alcohol, but is almost insoluble 
in water. It remains unchanged at 300^, and sublimes at a somewhat higher temMr- 
attire without previous fusion. It dissolves in ooncentrated sulphuric acid, and is 
precipitated unchanged on the addition of water. Alkalis dissoVe it witli a deep 
brownish-red colour. 

AnthraAiwone, like its isomerides, is reduced to anthracene hy the action of heated 
sme-dust. The mode of its formation indicates that its two hydroxyls are situated 
in different benzene rings. 

AnlffraAavoue acts Oke w bibasic acid, exchanging 2 atoms of hydrogen for luetaU, 
thus: 



Potassium salt. 


0»H»0 

bI 

Parimn salt. 




The potasAum salt is prepared by dissolving anthraAuvotio in potassium carUmatn, 
evaporating to diy ness in a vacuum, and extract ing witli absolute attrohol, in whirli it 
is Hotuble. On evaporation, iho eomp<fund isIefV in brtiwn-HMl, crystalline ni asses coii» 
sistijig of microscopic need Hs. Dried at 20n*, it has the fonnuin (.VM1*K*0*. The 
todkim aalt^ like the potassium salt, forms reddish-brown microscopic nco<]les. 

The barium salt is obtained by dissolving Uio anthraflavotie in ammonia, driving 
off the excess of ammonia at 100°, and precipit:iting the solution with barium chloride ; 
or by dissolving the substance in barium hydrate, evaporating the solution in a vacuum, 
and removing the excess of barium hydrate by wxiehing with cold water. The residue 
when dissolved in lK>iling water, fllti'rinl, and again oviiporatiHi in a vacuum, leaven 
the compound in brown-red nfedlen of llio formula (J'*}l*15ii()* \ 

A bogie lead soli of greyish-red colour in prncipitate<l on ailding an iilcolioVn’ 
solution of basic lead acetate to a solution of nnthraAavono ; and a rtsldish ‘brown. 
Aocculent gilver gait is precipitated from the ammonium compound by silver 
nitrate. 

The action of fused potaggiom hydrate mi anthraflav^.iC p?o<inc<iS a violui-blut; 
colour which changes to rcddish-VirfJwn ;*ana by trcfitimnt with sntplfAric acid and 
ether in the usual way, a product is obtained, soluble in water, and coriHisling princi- 
pally of paraoxy benzoic, acid, wdth a comparatively small amount of oxybenzoic 
acid. 

A nitro-compound is pr^ffeed by the^ction of Vxjillng nitric acid on anthniAavone, 
but it has not yet been obtained in a state of purity; an oxulised product is also 
formed at the same time. AnthraAa%*ono is not changed by the action of sodiiim 
amalgam. as „ 

l)iac€iyl^nthraJUlv<m€^ Cl.*H*(C=Tl*0)’0*, is formed when anthraAavone is heated in 
dosed tubes to 120® with ai'etyl chloride, or by treating ita potfiasium compound with 
the chloride. It crystallises from ether in jale-yollow crusts, but apj^ars to >>• 
decomposed by alcohol. • 

According to Bosenr^iehl {Deut. Chem, Qee. Her, ix. 946), crude anthrmAavoue is 
separable into two products, which behave differently towards bases : — 


o- j4 nthrajlaitonc. 

The sodiutA-oompemnd is very freely 
soluble in water, yielding a rod solution. 


0-AnthnrJt<n'one. 

The sodiani-coropound is spiiringly 
Nduble, especially in excess of soda, ft 
crYHtalliscH in brilliant red needles, the 
^solution of which is inclined to yellow. 
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a Anthrajlavone. 

Dissolves easily In Laiyta-water with 
red colour. 

In alkaline solutions combines for the 
most part with alumina. 

Is easily and completely converted 
into an isoincride df purpuriu when heated 
to 130°- 145® with potash in close vessels. 


fi^Anthraflavone. 


Dissolve in hiMyta-water oAy i^hen 
;i ^ ^“id^eparateB in red 

pdomina^ but 


boiling. The 
n^lee on c 
^Eljoes 1^ 
remains in e 
Bemains 
datioxl first 
On l^fs 
urif] 




X^0°-135°, oxi- 
t 200°-205°. 
led a metho^l of 


Identical with /3-anthraflavono is» psrhapS) a '^Bi9|finihraguic^ei|hdescrib^ by 
Ullrich a. Perger (ibicL ix. 131 and 574), nnder theBi^^ of' Ant^ddieantkic acid, and 
said to be obtained, under pcculifir circimstanceir^dhly, ^ai fi bye-product in the 
manufacture of alizarin. It closely resexnbl«a 'i9l<*ant>hraflkXOQO* sspecially in being 
converted by oxidation in alkaline solntion fit an isdmerido of purpurin 

exactly similar to that which Rosenstiehl hail o^fiimBalRrdlte fi-Mtthraflavono. 


7. Ct&rysazin (Liebcrmann a. Giesel, DmU. Ckmn. (rcs'Ser, viii. 1643 ; jx. 329), 
is produced hy de-amidation of hydrochrynammide« (iii. 191), For 

this purpose, the sulphuric acid solution of hytlrocbrysammide, mixed with sufBcieiit' 
water to give it a pulpy consistence, is kept^odl by snow, and nitrous acid.vapour Is 
passed into It till tne pulp liquefies and assumes a cherry-red colour, and. .Ufcr nitrous* 
vapours are no longer absorbed. The mass is then added, with 8tiiT^, ^.» well- 
cooled absolute alcohol, and the brown-red precipitate of a diazo-ccmrptfWBd thereby - ' 
produced is quickly collected in a filter, heated to 60° with alcohol, till^mtTogen and 
aldehyde begin to escape, then boiled for some time to complete the rCI&tion. ' The 
solution is filtered to separate a nitrogenised subsUince ineoluble in alcohol, and the 
alcoholic filtrate is mixed with watc^r, which throws down the chryam^ 4n yeUi^*.. 
brown flocks. ^ ^ ^ . 

For further purification chrysazin is dissolved in ether, and theh t fe jc a y e tallised f, 
^om alcohol or acetic acid, from either qf which it separates i«d-brdm lufiftone.^- 
needles, from alcohol also in golden-yellow laminse, the two forms beinj^eaeify and. 
completely convertible one into the other. It melts at 191°; dissollt^izi alkalhi^. 
with yollow-red colour, very slightly in alkaline carbonates and in aiifia|onia, and 
forms red precipitates with baryta- and lime-water ; does not dye mordanlm cottozi^ 
By heating with zinc-dust it is reduced to anthracene, t 

Tetra nit ro c h r t/ ,*:et i 9i, C* *11 *(N formed by'treat ing chrylildli with fipning 
nitric acid, is identical in everjr respect with chrysammic acid pre|»i«d fikmi aloes.' 
The compound obtjiinovl from either source separates from its solution in fueling. nitrie 
acid, after the excess of that acid has been blown away by a current of air, in small < 
brightly specular monoclinic crystals with short prismatic developmmft. Axial 
ratio a: : 0'9083fr : 1*8363. Angle of inclined axes = 74°. Con^iuidicin 

ooP . oePoo . Soo . 

The metallic chrysammatos or t etranitro-chry sazates are prepared by 
boiling the acid with the corre3pon<ling acetates, and crystallising the resulting preci- 
pitates. They exhibit the same cliaractors whether prcjiarcd from chrysammic acn<^' 
(from aloes) or frcui totranitroclirysazin. * 

The potassium ««//, O'*) forms sparingly soluble needles, having a 

strong metallic lustre. After remaining for a few days under the exsiccator, it be- 
comes anhydrous, the crystals, however, retaining their mctaiHc lustre. The water 
which goes off is probably, therefore, not water of crystallisation, but hv^oscopic 
water forcibly retained. The salt prepared from tetranitrochi^Bazin, exhibits the 
same remarkable relations to polarised light that were observed by Brewster in 
potassium chrysammate (i. 956). The oraervation oil Haidinger that potassium 
chrysammate, when spread out on glass in thin layers intone particular direction, 
exhibits striking differences in the charact-er of the reflected light, accordingly as the 
plane of reflection is parallel or perpeiidicula# to that direction, is equally applicable 
to the potassium salt prepared from nitroohrys;\zin. 

The calcium salt, C**H*(NO*)^Ca, forms golden-yellow needles. 

The magnesium salt, C*^H'*(NO®)^Mg 6H®0, forms splendid crystSls, which have 

a red-gold lustre, give off their water at 160°, and turn gold-brow*n, but resume their 
original colour when moistened with water or breathed upon. AccoiAing to Mulder 
{Ann, Ch. PAarm. Ixxiii, *239), magnesium4ehry8ammate contffins 6H®0(l9-6 per cent.); 
but this salt appeals to have been but imperfectly air-drio<l. Liebcrmann a. Giescl 
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fiuU oaly 51i*0 (obs. 17*01 Mr c«at.; calc, 16*01) for the airHiricKl tialt, whether prc- 
[Wired tem chxyMnuiiie ftcid or from tetianitrochrraanD. 

The barium salt dried at 160® has the eompoeiUon C*»H^NO*)O^Ba. 

AcSyt^hrysatrim^ C^H**0‘wiO**H^OC*H*0)*OS is formed by heating chiyaasin 
with aemio aiiMbUeuila 170*. It cr3*BtalUeoa from alcohol iu yellowish lamiaie 
re8iimbKK^vb^|!ipi|o»M^ ia aablimable^and melts at 226^-230®. 

of the two liydroxyl'groupe in ohr^reasin, it 
is to be bheearred three modtftcaUoDs of dioxyaathraqainoae, w'hich have 

• their two aame benKoae-group, are already known ; vis. alisarin, 

quinisario, and ^|||niB||PMthiB ^ eonsequentiy^ chrysaxiu must have ite two hv- 
droxyls Bituated^^ST. |R|jKeiA hettBuoe>groupB» as represeutod by the formula 
C*H*(OH).C*03.0*fl?^OB^^^<^*a* paracout)ciarlc and para-ozybeneoic add may be 
obt^n^ ill vwn#to wayeSau^^ it seema probable that ebrysaxin may be a con- 
dbuAUoD-pit^i^ oit paraHZnlllMoic aetd, just aa ant hraHs rune (p. 107) ia a condun- 
sation-prodoct ^ aivvenamdiii^ The ayntlieeia of chrysasin from )wira-oxyl>enzuio 
or paracoumario aeia hao, hpwis^» not yet been effect cil (Liebcrniunu a. Uiasel). 

8. Vruffnlto AsMt obtained the bark of /Mnwnujr/nmyiiAi, has aln^mly 
I>ecn described (2»d JSi^. ^ ^ 

TBiozTAifTiiRAQtJiwowna» '9*H*0*. — Fautf of these compounds are now 
known^vis., Purporin, AQthrapi|rpvri^ {^vopufpuriiu and Oxycbrysaziii. 

1. Vurpnrin, ThiwJkbetaiioe»^Oir4^Baily obtaineil from madder (iv. 7/iO), is also 
'^pif^noed by direct ozidatiOB of atiisaniiaDd of purpuroxant hin. 1 part of dry pulverised 
alizarin ia mixed with 8 or 10 of eulihainA acid ; 1 part of arsenic acid, or manganese 
. perozidst ia added; and the whole ie heated to 160°»160°, till a drop of tiio mixture 
thrown iolMl dilute caustic eoda gives the red colomt ion of purpurin. The whole is 
' then ponrad into a lam bulk of water, and the prccipitato, after exliaustiou with 
eold wateiv bri^turated solution of alnni, and then treated with an acid. 

The solutm thus obtain^ deposits abundant fliwculi of purpurin. The yield is nU her 
large, thou^ some loss ia oocasionod by the protluciion (especially with arsenic acid) 
of a coloosHtf matter* which disaolves in water to a yeHo wish- brown, and in alkalis 
to a red liq|uia (De Lalande, fruef. Ixxix. 6<>&). 

Porimm ie separatei^from alizarin by meaiiM of Ixn'ling alum-liquor, wliieli dis- 
sotliec tnaimrpurin and leaves the alizarin. Oanniorcial purpurin, however, ntiil re-« 
tains a eer&in amount of alizarin, besides other impuritirs. In a specimen which had 
been puydftsd in Kahlbauni's w'orks at Berlin, by solution of the crude product in 
boiling ihxm-Iiq nor, 8chotick and Itoemer were ahle to detiH't traci^s of alizarin by 
the method described on the following page. But by again treating this prisluct wit ii 
; boiling alum -Bo oor, adding acid to the Altered wdutiou, and dissolving the prtx^ipitatod 
purpurin ii^hgUiTijr aloohrd, f>uro crystallitH'd purpurin was obtained. Pure p^purtit 
cannot benbpniiad by sul>lin>at iou from the crude product, since alizarin sublimes at 
, n^^riy the same iempemturo as purpurin. 

P^pntln dissolves easily in Ixiiling spirits of wine, forming a yellow solution, 
from wbidti it carystalliscs on co<ding in thin flalternsi prisms, sometimes 3 milliuis. 
long, having a deep orange crjh>ir.^ and cejnsidcraVde lustre. On being h<Aated to 100®, 
these exyst^B become dark tcmI from loss uf =water. A selution of pdi^urinlu stnjiig 
alcohol deposits dark-red anhydrous neeUbs. 

Purpurin melts at 253®, but l>egins to sublime at 160® (acoorrling to Sebutzen- 
berger at 260®). The sublimate consists of nd. pfuinose, or neeille-shaped crystals. 

^ Much carbonaceous residue is loft. The cry stals obtainod by dissolving sublimisi 
purpurin in spints of wine are generalljr anhydrcius, but (XTcasionaily hydratiHl ci^s.fals 
of the usual appe;iraace are obtained. After [uirpurin has been rcTHsatedly subamed, 
its melting point beeves considenibly depresHed, indicating mim& kind of deooiaijs>- 
sition, but after rec^stal Using several limes from alcohol, the melting point again 
becomes constant at 263®. * 

Purpurin is slightly soluble in boiling water, the solution having a yellow colour 
with a tinge of re<l, and depositing crystalline yrdlow flocks on cooling. It dissolves 
in ether, giving a yellow fluorescent solution, which shows the two bands of KbKr*rp- 
tion described by Su>te8 (iii. 638, footnot^. It alwj dissolves rewiily in la)iUng 
carbon disulphide, I.»enzen8 and glacial acetic acid, yielding yellow solutions which 
deposit crystalline needles on cooling. These solutions show two bands of absorption 
coinciding with those of the ethereal solution, Purpurin dissolves in crjocentrated 
sulphuric schL, giving a ro.'»e-red solution, which shows three bands of ahwirption, one 
in the yellow, the others in the some position as Uiose of the ethereal solution. 

It dissolves ^Iso iu caustic x>otaah and soda-ley, in sodium carbonate solution, ami 
in ammonia ; the solut^pos have a deep-red colour, inclining to purple, and show the 
absorption-bands described by Stokes aiki other observers. In alcoholic potash or 
soda, purpurin is almost insoluble. Treated with Iwiling ]>aryta-watcr, it forms a 
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piirplo quite insoluble in •water. ^ With lime-water it yields a compound which 
resembles that of barium, and is also insoluble. 

Porpurin dissolved in caustic alkali is completely decomposed by ozidatiqn on ex- 
posure to the air, the colour of the solution <dianging from purple to pale yAlow. 
Aliaarin, on the other hand, -when similsf ly trealtod^ remains unchanged. Tbisij|action 
affords an easy method of detecting small quantities of alizarin in presence of pur- 
purin. The mixture of the two is dissolyed in caustic soda, and the solution is exposed 
to the air in a shallow vessel till it becomes nearly colourless, and no longer exhibits 
the absorption-bands of purpurin. The alizcunn may then ^ precipitated by hydro- 
chloric acid, ^sBolved in ether, and examined by the spectroscope, vmen its character- 
istic absorption-bands will be distinctly seen (Schunck a. Boemer, Che^* Soc, Jour, 
1877 , 1 . 666 ). ^ _ 

Purpurin dissolves in boiling alumdiq^r, giving thif well-known pink fluorescent 
solution, which, on cooling, generally yields a depoiSt, consisting of yellow ^jrys- 
tallino needles of purpnrin mixed -with amorphous particles of an sdumina-com- 
pound, as may easily ^ seen on treating the deposit, after filtration, with boiling 
alcohol, which, dissolves the purpurin with a yellow colour, leaving the alumina 
lake as a dark-red powder. The solution doubtless contains purpurin in com- 
bination with alumina; for, on agitation with ether, it remains quite unchanged, 
whereas, after the addition of hydrochloric acid, ether takes up purpurin, 
ibrming a yellow solution, and leaving the liquid below only slightly c^oured. 
Nevertheless, the combination is a very loose one, for if alcohol be added to the solu- 
tion, to precipitate the excess of alum present, and the filtrate be evaporated, a 
mixture of alum crystals and needles of purpurin is obtained, firom which the pur- 
purin may be extracted by treatment with absolute alcohol, no trace of any aluminous 
compound being observed in the residue. The solution in alum-liquor, when mixed 
with a little sodium carbonate or ammonia, the liquid still retaining au acid reaction, 
gives a fiocculent precipitate, having the pink colour peculiar to the so-called madder 
lakes, which, asHobiquet showed long ago, are essentially compounds of purpurin 
with alumlpa. The precipitate is quite insoluble in a strong boiling solution of 
BOilium carbonate, but dissolves easily in sodium hydrate. 

An alcoholic solution of purpurin gives, with, load acetate, a dark crimson precipi- 
tate, which, on treatment with an excess of alcoholic'’ lead acetate solution, dissolves, 
yielding a fine crimson solution, which shows three bands of absorption. This beha- 
viour is characteristic, and may serve to distinguish purpurin from alizarin, which 
gives a lead-compound quite insoluhlo in alcoholic lead acetate. 

An alcoholic solution of purpurin gives, with copper acetate, a dark reddish- 
yellow precipitate, whereas an alcoholic solution of alizarin becomes purple on the 
addition of copper acetate, and gives no precipitate, provided the alizarin is quite pure. 

Pturpurin, quite free from alizarin, heated in eealai tubes to 300^ for several 
hours, is entirely decomposed, yielding a highly carbonised mass, from which boiling 
alcohol extracts quinizarin. Ihe yield of this substance is but small, and is sur- 
passed by that of the bye-products. To obtain the largest amount of quinizarin, it is 
best to discontinue heating before the purpurin is completely decomposed. The tube 
containing the latter having been heated to 300^ for 6 or 7 hours, the contents 
are removed and treated wiUi a boiling dilute solution of sodium carbonate, which 
dissolves a grout part of the undecomposed purpurin, together with various by-products. 
The residue is now treated wit]i dilute caustic potash-ley, and the quinizarin and 
purpurin in solution are separated by passing through it a current of carbonic anhy- 
dnoe as long as any precipitate is formed. The precipit*'to contains quinizarin with 
a little purpurin, the latter being, for the most part, left in solution. The precipi- 
tate 'is filtered off and treated with hydrochloric acid, and the flocks left by the acid 
are again dissolved in caustic ley, carbonic anhydride being a second time pass^ through 
the solution. The process is repeated until the filtrate no longer contains purpurin. 

Purpurin is reduced to purpuroxanthin by the action of phosphorus on its hot alkaline 
solution, or by first converting it into purpuramide (p. Ill) by heating it to 160® with 
aqueous ammonia, and then passing nitrous acid vapour into the boiling alcoholic 
sMution of this compound : — ^ 

+ NH» = H*0 + C'*H»NO*; 
and C‘*H»NO* -i- NO«H + H* « N»* + 2HK) + 

Purpurin is converted, by oxidation with nitric acid, into phthalic acid, and must 
tlierefore have its three hydroxyl-groups in the same benzene-group, as represented 
by the formula OH^.C^Os.OHfOH)*. 

Hydrate of Purpurin is precipitated on adding an acid ^ a solution of purpurin 
in an alkali or in alum -water (HoEwnstiehh^om^^ rend, Izxix. 764). 
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Bromopurputin, C'*R^BrO*» is fornioi:! iliffvsling purpurin at 150*'-200® 
in sealed tubes carbon disulphide containing bromine. It erjvtaUiaes from 

glacial acetic acid in dark red lustrous needles molting at 276^, resembles pur- 
purin in most of its properties, but is less soluble in alcohol and glacial acelio add, 
and sublimes when heaud, leaving soarcely an^ residue. 

Triac9tylpurpurin^ C**U*(C*H3!L))H>*, first obtained by Liel>ennaDu a. Qiesel 
{Veut. Chem. Gts. Ber. ix. 332), is prepaid by heating puipurin witli ace tie anhydride 
at 180®. When heated it begins to soflen at 193®, ai^ melts completely at 198®~200® 
(Schunck a. Boomer), at 190®- 193® (Liebormann a. Oiesel), It is decomposed even 
in the cold by dilute caustic mtash-Iey, yielding purpurin; dissolves in eoncentrated 
nitric acid, giving a yellowish-brown solution, which, on addition of water, deposits 
yellow flocks. These flocks dissolve in caustic potash ley. giving a Ane pink solution 
ivhich shows the absorption-Dands of purpurin (Schunck a. Roenier). 


is formed fkom pur 


PnrpuramUe, NH* . 

punn by the action of ammonia in the same manner us alibiraniide from alisarin. It 
crystallises in brown needles hailing a green metallic lustre. it«i eolation in alkalis is 
much redder than that of alizaramide. It is dei'x>mpoffed by nitrous acid in tlio same 
manner as alizaramide, yielding purpuroxanthin : 

C»U’0*.NH* + NO*H + H* C'*H*0‘ + 211»0 + N> 


(Liebermaun, Lubig's Annalen, clxxxlii. 143). ^ 

Patudopurpurin, — ^This constituent of crude purpurin wf|S Originally regarded 
as a dioxypurpuriu or trioxyalizarin, C**H**0* (alizarin being then represented by 
the formi ■ 

or tetra-i 

rend. Ixxxiv. 361) that it is a purp , 

being resolved by heut into CO* and pur|uiriu : t 

CO* + c*‘ii-o». 

Thik view of its constitution rtuidily explains it s couversion into purpurin by the action • 
of alkalis even at ordinary temperatures, thS change consisting simply in the abstvai* 
tion of CO*. 4 

2 and 3. Antlirapurpariti and SMUtToparpurln. Aiuhrapurpiirin was dts* 
covered by Perkin, who obtained it as a secondary prsiuct in the pret>aration of 
nlizariu from anthraquinone (2W SiuppL 88). It is pnalueed by the action of oausl ic 
alkalis on aiithniquinone-disulphonic acid, C'*ll*0*(bO*il)*, this acid being first coti- 

verted into the monosulphonic acid, the latter by the further action 

of the alkali into iflo<ai]thrafla\ic acid (p. 105), and this finally into nnthrapurpurin : 

+ BOJI + H’ 

(Perkin, Chrm. Soe. Jour. 1870, i. 851). ^ 

To prepare anthrapunjurin from iso-anthraflavic iujid, the potasHium mlt of this 
acid is neated with caustic jyitash, whereupon the red colour of the lit^uid changes to 
violet, very quickly if the temperature bd raiseii nearly to the melting point of putassinm 
hydrate. When the depth of the violet colour no longer increases, the Asm moss is 
to be dissolved in water and the fsjlution supersaturated with hydrochloric acid ; this 
throws down a yell<^rish gelatinous precipitate, which must be treated with I'told 
liarvta-wrtler to remove unfllterod iso-anihniflavic acid. The remaiuiiig lake, de«-<im- 
pos^ by hydrochloric acid, yields pure anthrapurpurin, whioii, by cryswlisalion from 
alcohol, may be obtained in long orange-coloured needles (Schunck a. Boemer, Deut, 
Chem, Ge$. Ber. ix. 67^. * 

Flavopurpurin il produced in a simiUlr manner from aathrafiavic acid. This 
acid is less easily attacked by potash than iso-anthraflavic acid, and partial carl>oriisa- 
tion IS apt to late place, lliis, however, may hm avoided by decomposing the nckl 


yellow ne^ea 

The followiiig table mdubiU a oomparison of the properties of these two isomeric 
bodies: — • 
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. 4^thrapuTyurin, 


Orange-coloiired needles. Anhydrous. 
Easily soluble boiling alcohol. 
Slightly soluble in boiling water. 
Solution turns red on prolonged boil- 

BisBolyes with diflftculty in ethw. 
Dissolyes In boiling glacial acetic acid, 
and separates on cooling in stellate groups 


Dissolves, in strong sulphuric ac*d 
with red-violet colour. 

Dissolves in potash-ley with violet 
colour, the tint, however, being rodder 
than that of an alkaline solution of 
alizarin. 


Sparingly soluble in hot baryta-water 
with violet colour. 

The solution exhibits absorption- 
bands. 

Soluble in ammonia, with violet- 
colour. The solution exhibits no bands. 

Soluble in soilium carbonate, with 
violet colour. 

Alcoholic lead acetate forms a purple 
precipitate, which, when boiled with ex- 
cess of lead acetate, dissolves with violet 
colour. 

Alcoholic cupric acetate forms a solu- 
^ tion of a fine violet colour. 

J .Slightly soluble in alum. 

> ‘ IVIelts above 330®. 

Sublimes in orange-coloured needles. 

Colours mordants. 

The alkaline solution exhibits two 
absorption-bands having the same posi- 
tions as those of an alizarin solution. 


Flavopitfjpnrin, 

Golden-yellow needles. Anhydrous. 
Easily soluble even in cold alcohol. 
Slightly soluble. 

^Solution remains yellow when boiled. 

The same. 

The same. 


Dissolvesm strong sulphuric acid with 
red-brown colour. 

Dissolves in potnsh-loy with pt&^le 
colour, redder than anthrapurpurin, but 
not so red as purpurin. On dilution, or 
on addition of only slightly diluted alimli, 
the solution appears pure red. The colour 
disappears after long standing. 

Sparingly soluble in hot baryta- water, 
with red-violet colour. r 

The solution exhibits absorption-bands 
when in thick layers. 

Soluble in ammonia, with yellowish-red 
colour. The solution exhibits no bands. 

Soluble in sodium carbonate, with 
yellowish-red colour. 

Alcoholic lead acotato forms a rod- 
brown precipiUite, very sparingly soluble 
in excess of lead acelatts with red colour. 

Alcoholic cupric acetate forms a red 
solution. 

The same. 

T'he same. 

The same. 

The same. 

The alkaline solution likewise exhibits 
two absorption-bands, but somewhat 
farther from* the red ; also a broad stripe 
in the blue. 


The triacctyl-dcrivntivo of the anthrapurpurin obtained from iso-anthraflavic acid 
exhibits exactly the same characters as that of the onthrapurparin originally obtained 
by Perkin. 

FlavopurpiAin is very easily distingufehed from the other tri-oxyanthraquinonos 
by ite spectrum. 

Pri)m experiments by Caro appears that anthraflavic acid and iso-anthrnflavic 
acid lire produced from two different anthraquinone-disulphonic acids by the moderated 
action of alkali ; strciiigor reaction gives rise to anthrapurjpiurjn or flavopurpurin. The 
action therefore takbs place in the following phases : — 

a^Anthraquinmie-^isidphonic Acid. Antfiraquino7ie^disitlphonic Acid. 

V 

Anthrafliivic acid, Iso-anthrafiavic acid. 

Plavopurpurin. Anthrapurpurin. 

iSince alizarin, which contains both its hydroxyls in the same benzene group, is 
not produceii by the action of alkalis on either of those anthraquinone-disulphonic 
acids, it may be inferred that in both of them the hydroxyls are situated in dififerent 
benzene-groups, us represented by the formula — 

also that the isomeric anthraflavic acids formed from them by the action of alkalis 
have a similar constitution, viz. : — 



AjrrHRAQUINONE-DlSULPHONlC ACID. ua 

and that tho trioxyanthraqumones, anthrapurpurin^ and flavopiirptunil ora oooatitutod 
according to the formula : 

C‘H»(OH)<^C*UVOU)* . , 

the difTcrcnce between them probably arising from the different rolatira poifkioni of 
the two hydroxyls which are siiuate^n the siiniw btnxene ntieletis. 

Oxj’OlirsrMUKlii is formed by heating the red alkaline solution of chiysaxin with 
potash, whereby it is converted into a bright blue nmaii, having a splendid inetallie 
htstre and dissolving in water a-ith a Muo*vioVt colour, like that of alixariu. From this 
solution acids prcMsipitatc the oxychrysazin in brown tlockn, which may l>e purihed by 
cryKtallisatiou from alcohol. With mordants ft forms very bright colours intermediate 
between those produced byhlizariu and by purpurin. 

^xychrysitzin resembles antbmpurpurin in l>eing precipitated for the most part 
from its solution in sodium carbonate by agitation with alumina. The triaeetyU 
ilerivativcs of these three isomeric compounds ubtaiuod by heating. tltoni with acetic 
anhydride to 170® exhibit the following eliarticters : 

Triacetyl-oxychrysazin : — laght-yellow nfHHllos, melting at 192“ 193®. 

Triacetyl -purpurin : — Yellowish needles tiieliing at 190" 193“. 

Triacetyl-anthmpurpuriii : — Melts at 220“-^ 222“ (Perkin). 

Su^ar as tliese characters go, oxychryaiizin might l>e identical with purpurin ; but 
the two substances are ill^^hlelliately distingui.slmlde by the colour of their alkaline 
solutions, purpurin giving a red, and oxyohr 3 'Ksziii a blue solution, and by their 
optical characters. Purpurin, whether in alkaline solution or in its strongly lluoroecoiit 
ainm-solution, gives, when examined by the spectroscope, v^ry cliaracterist ic absorp- 
tion-bands, which are not exhibited by oxychrysazin. 

Tktraoxt AKT ii UAQr iMONKs, C‘*ll*(OH)H)*,— Two of these compounds are 
known, viz., a n t h raeh ry soiie, produced by oxidation of anthraceno and of its 
tiichloro- and dibromo-derivativea Huppt, IhO), and 

Snfloptiiv produced by heating opianic acid (iv. 206) with strong sulphuric acid 
to 180®. This .“ubhtanco cryKtallisos^iti yellowdsh-rtHl luMxlIes or crust s ; docom|>oses 
to a great extent w}u*n suidiintd; is si iglilly soluble in Killing wat«r, motb^ratelpr 
soliAbte in Ixiiling alcohol, fasily in glacial acccic nci<b slight ly in ether. In alkalis 
(lisHolvos with violct-nvi, in ammonia with fed-brown mlfnir. The aninioniacal sol^ 
tion gives violet-rwi precipitates with the chlorides of barium aixl calriutn. WhsQ 
healed with zinc-dust it jdelds atithrac'eno (Liebormatin a. Phojiiocki, Jfeut. Ckrtn, 
Ges. IJer. iv, 637 ; Liehit/s ylnim/c»i, clxii, 322}, 

If Kx o X T A KTii It AO L IN o K p., C'MPO*. 'I'hp only kfiowii liody of this com]HisilioTi 
is rudgallic acid. Oil)*, obtained by healing gallic onltgallic 

acid w’ith strong sulphuric iiohl (iv, 133 ; Suppl. 099 ; 2ud Sitppl. 1002). 

AamRA.^vzirowa-cAS.sovzo aozx>, cvMi*<)<-C'MPO*.C(vn. ThU 

lu’id is formed by oxidation of ^-anthmcoiic-ciirbtjiiic acid (Liebermanii a. vom Rath, 

r . 9G), abso by oxidation «»f nieibydanthraeena with chromic acid (Weilor, p. 06). 

t crystallises from alcohol in coii.pact brilliant yelb>w fj^risrus mclllng at 282®~284®. 
Its barium salt forms microscopic iierM'lle*', fho calcium salt scales ; the b^ad ealt is in- 
fMjlublo. The sodium salt is insoluble in cam-tic s»».la. The acid when carefully 
heated sublimes in yellow necflles, but at a ^tr*JIlgel:v bisivt it is rtrsolved into arifhra- 
ijuinone and carlsm dioxide (Liebermnmi a. vom Hntb;. Ihiiled w'ith zinc-dust and 
potash or so<la, it forms a re^ solution li^o anthnupiiiioiie, and when houlod with soda- 
lime it yields the lat ter comj>ooiid (Weilcr). 

AVXHmAQrarOn-OZSVUKOirZO AOn, C**JI«(SO*ll)*‘‘0^ This acid 
may be formo<i by heaj^ng /Sdnsii^iy I benzoic acid with fuming sulphuric licid till tho 
re«ulting liquid no longer gives a precipitate with water, 1 he reaction may l.»e ex- 
pressed by tho equation : 

C’H,VC’H*0)0* - 11*0 « C**IJ*0*, 
f,nd -t 2H*SO^ - 2II*«> ♦ C'U1*0*(S0»U)*. 


(Liebermann, Deui. Chem. Ge*. Ber, vii^BO.’^). 


AJTTSJtO&B. AxTHBJiriiRNoTa (p. 97). 

AJNrVZSCO|mr« l%e * explosive* antimony deposited at the negative pole on 
electrolysing a hydrochloric acid eolation of antimonioue chloride (i. 316; Ift Supply 
181) has been found by Bcittger to contain occluded hydrogen as well as antimony 


chloride {Chem, Ctntr. 1^5, p. 6/4). 

Estimation , — lloiizeau {Compt. rend. lixT. 1828) estimaUs small quantities of 
3rd iSwp.* X 
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Hmtimonjbj a ▼olnmetric method founded on the precipitation of silver by antimonetted 
hydrogen (stibineX the reaction taking place according to the equation : 

aAgNO* + SbH* « 3HNO» + 3Ag + Sb. 

By titrating the quantity of silver remaining in solution urith a normal solution of 
sddium chloride, the quantity of silver precipif^ted may be determined, and thence 
' the quantity of antimony. 

R, F. Smith {Deuit, Vhem. Ges, Ber. iv. 855) treats finely pulverised antimony ores 
with hot'hjiJrochloric acid, precipitates the antimony from the solution of the chloride 
with sine or iron, and fuses the metal under a layer of charcoal powder. 

On the Estimation of Antimony in Type-metal see R. Bartley {JHngL poL J. 
ccxriii. 270 ; Chem. Soo. Jew. 1876, i. 748). On the Separation of Antimony from 
Tin see Wincklor {Zeitschr. Amval, Chem, xiv. 156 ; Ghent. 80 c. Jour. 1876, i. 748). 

Tribro^de» SbBr*. This compound may be prepared by distilling a mixtui4 of 
antimony sulphate and potassium bromide. When decomposed by cold water it yields 
an oxybromide, Sb^Br-O®, or 2SbBr*.5Sb*0*. Hot water effects a more complete de- 
composition, resulting in tlio compound SbBr*. 1 OS b^Br-O*. By washing this substance 
with carbon sulphjdo, the tribromide is dissolved out, and the compound Sb^Br*0‘ 
remains (W. E. Macivor, Chem. News, xxix. 179). 

da^ntlmony Cliloiidea. 1. Trichloride, SbCl*. — .^concentrated hob s'^lution 
of antimony trichloride diluted with boiling water until the oxychloride begins to be 
precipitated, and then left to cool, after addition of a drop or two of strong hydrochloric 
acid, solidifies to an amorphous mass of oxychloride, which liquefies on warming, and 
gives on analysis numbers corresponding with those required by SabanejefTs oxychfiiride, 
Sb^Cl*0‘, or 2SbCl*.5Sb*0*. When hot concentrated hydrochloric acid is saturated 
with antimouiouB oxychloride, an oxychloride contaiuing loss chlorine separates on 
cooling (Macivor, Chem, News, xxxii. 229). 

Beaction voith Hydrocarbons. — ^When the mixed vapours of SbCl* and benzene are 
passed through a red-hot tube, .diphenyl is formed, according to tlio equation : 

6C«H« + 2SbCl» = 6H01 .v Sb* + 

t This yield, however, is much below the theoretical quantity. With naphthalenf. in 
liks manner, isodinaphthyl is produced. ** (See Diphkmtp and Bikaphtuyl.) With 
^ toUipne much hydrochloric acid was evolved and much antimony reduced ; and a tarry 
mass was obtained, which, on distillation, yielded no stilbene. but at 270°, 280°-^300°. 
and about 360°, rancid smelling oils, the last of which solidified to a mass of striated 
crystals (Watson Smith, Chem. 80 c. Jour. 1876, ii. 30), 

2. Pen 6* A ioricZe, SbCP. — This compound acts energetically on many organic 
bodies, the pentachlorido itself splitting up into antimony and the trichloride, and the 
organic matter being either chlorinated by the free chlorine, or completely charred by 
the dehydrating action of the pontachloride. By properly regulating the action, how- 
ever, it is possible to obtain direct addition-compounds of the pentacbloride witli 
various alcohols and with ethyl oxide ; and several of these compounds hove been pre- 
pared by W, fcarleton Williams {Chem. dlw?. Jour, 1876, ii. 463), 

With Ethyl Alcohol, SbCl*.C*Il*0. — This is a white crystalline hy^oscopic 
substance formed by slowly adding absolute alcohol to antimony pentacbloride con- 
tained in a wide glass tube surrounded by cold water. It is instantly decomposed 
by water, with formation of alcohol and autimonic acid, hut dissolves easily and with- 
out decomposition in aqueous tartaric acid, also in alcohol, ether, and chloroform, and 
is easily purified by rocrystallisation from alcohol, separating from the hot saturatt^ 
solution, on cooling, in splendid white needle-shaped ci^’-stals, apparently belonjpng I 0 
the orthorhombic system. It melts at 66°-67®, is completely uecomposed by distilla- 
tion, and undergoes gradual alteration even when kept in sealed tubes. When heated 
in a sealed tube to 1 10°_1 16° for four hours, it is converto<l into a dark brown liquid 
which deposits a few crystals of antimony trichloride, and is resolved by distillation 
into hydrochloric acid, ethyl chloride, and antimony trichioride, with a small residue 
of antimony Irioxide and organic matter. 

With Methyl Alcohol, t5bCl*.0H*0.— rThis compound is prepared like the 
preceding, which it resembles in its properties. It is deposited from a hot alcoholic 
solution in leafy or tabular crystals having a faint yellow colour, and melting at 81° 
to a yellow liquid which decomposes at 130°, with evolution of hydro<^loric acid and 
methyl chloride. It is more stable than the ethyl-compound, and may be preserved 
without alteration in welt -stoppered bottles. 

With Amyl Alcohol. — This compound is less stable thqn either of the preceding, 
and is difficult to prepare, as amyl ^coUbl acts with gre.at violence, even on frozen 



ANTIMONT. U5 

antimony pentaehloride. It ibrm« white star-like djstals, ulten dtsoolonr^^by the 
decompoMsd alcohol. 

With Ethyl Oxide, SbCl*.C*H ‘*0. -This compound is best prepay liy 
mixing the two substances in the pioportion of their molecular weights, koe]Miig the 
mixture well cooled, as decomposition takes place at The compound when 

freshly prepared is a finely-dirided c^talline powder of a greyish-white colour. It 
is very nydiroscopic and is decompose!^ Iiy water, but dissolves without alteration in 
alcohd and in ether. The cr^^stids melt at C8'’>69^ and are very unstable, Uackiw- 
ing spontaneously even at ordinary temperatures, and decomposing when heated fbf a 
tew minutes to their melting point. 

3. OJtycAioride, SbOCl*. — This compound, analc^us to POCl*, not hitherto 
described, has been obtained ns fpllows by Daubrawu Anna/ru^ clxxxYi. 110). 

16 parts of antimony ponwchlDrido are added drop by drop to 1 part of water 
C4X>ied by ica. A yaUowish crystalline mass is thus obtaiiied, which remains un- 
altered in dry air, melts when heated to a edaar yellowish oily liquid, and finally 
boils, giving off dense va{x>urs, and l>ocoming 'white and opaque when cold. Those 
results indicate that the body when heated splits up into SbOCi and Cl*, the 
chlorine escaping. No W'ator is deposited in the colder part of the tulie, a proof that 
the olom^ntB of wnter are entirely ubsorbed in the cliemical rt^actiofi. When treated 
\s'ith a larger quantity of water, it is converted into a white puUvrulent sub- 
stance^Fr^my's pyroantimouic acid. 

On shaking the oxychloride with a concent nited solution of solium carbonate, a 
momentary evolution of gas took place, and a bulky white preci]»itate was forme<l, 
which became granular on piolonged boiling, the clmngp being alteiiiltHl w'iOi further 
evolution of gas. The precipitate washed with dilute nitric acid and dried whs 
found to consist of antimonious oxide, Sb*0'. Hence it apjv^nn* probable that the 
formation and decompisilion of the oxychloride take place as represented by tlie 
following (‘quatioDB : 

SbCV + IHO - 2HC1 + SbOCl* 

SbOCl* SbuCl + (’P 

2SbO(n + CO*Na* - 2NaCl ^ CO* ^ Sl/O*. 

The oxychloride dissolves readily in alcohol to a clear liquid, which, when evapO'* * 
rated on the water-bath, gives oflT hydrochloric acid, and ultimiitoly yields a mfuis of 
light yellow crystals groujKKl in rosettes. On adding water to the residue, a smelt of 
alcohol is i!evolop«3d and a white precipitate thrown down, possibly from docomixsiitiuu 
of a triethyl antimonsite, funned in the first instance, with evolution of alculuil and 
separation of antirnonic acid (Duubrawa). 

AatlmoBy Xodldus (Macivor, CA^m, Si>c, J, 187C, i. 328). The 
Sbl* — for the preparation of w'hich see 1st Suppl. IBC— has, when cost into bars, a dull 
semi-metallic lustre on tlio outer surface, but wlieii broken, exhibits a boautifully 
nulialed fracture and a bright semi-metallic lustn?. It melts at 164-4'’ fcorr.) to a 
red liquid, and IxjiU at a high.ir temperature, evrdviug orango-coloureu vapours, 
which in un atmusphero of hydrogen or carbon dioxide, condense on a vold surfoco in 
largo, thin, transparent, poppy-rtjd, hexagonal plates, similar to those obtained by 
Schneider {loc, cit.') If, however, the sublimation b^t conducted in air, tbs iodide is 
partly decomposed, 'with liberation of iodine and form;jtion of antimonious oxide. In 
dry oxygen the docompositio»! is more complete, the antimony burning with flame. The 
tri-iodide yields a rr^ldish- thrown jsjwder permanent in the air, ahu soluble in car^ofi 
wulphide and in Ixiiling tenrewe, forming yellow isdutions, which, on evaf»oration, deposit 
the red tabular crystals descriljod by NickRs {Uk, cit.) It dissolves partially also 
in cordon trichloride "Xl about 260^. It is almost insolublo in chloroform, and does 
not dissolve in nvrlx^n tetrachloride or m oil of turpentine. 

Antimonious iixlide dissolves readily in aqueous kydriodic tuid^ and the srdution 
when poured into water, ^ves a yellow precipitate of oxy iodide. The solution of 
the iodide in cold hydrochiorie acid contains undeoompos^ iodide, and cons*>qooatly 
gives a yellow precipitate with water, but after a few miDutes’ boiling, the whole of 
the antimony is converted into tHchlq|ide, and the solution then gives with water a 
white precipitate of oxychloride. The iodide digested with adsoluie alrohol {isrtly 
dissolves without decomposition, but the greater partis converted into the yellow cixy- 
iodide. Anhydrous ether also produces ox^odide and a dark-coloured sulutioo con- 
taining undecompoeed tri-iodide. Cold dilute ssUpkuric add, (22l*SO^-f IBH^), 
contrary to the statement of Brandes, has little or no action on antimonious iodide, 
but on applying a ge^le heat, rapid decomposition takes place, with evolution of 
iodine and ibrmation ofratimonious sulphfite. Nitric odd of »p. gr. Vh decomposes 
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the iodide immediately, converting it into oxide ; acid of yp. gr. 1*4 acts in the same 
manner; acid of sp. gr. 1*2 after some time only. Chlortne at once converts the tri- 
iodide into trichloride, and iodine monochloride ; bromine acts in like manner. Iodine 
monoohl&ride produces antimonions chloride and free iodine (Macivor, Ohem, Soc. 
1876. i. 328). 

The oxy iodide, formed as above mentioned by the action of water, alcohol and 
ether, on the tri-iodido. varies in composition aicording to the particular circumstances 
under which its formation takes place. When formed by pouring the hydnodic acid 
solution of tha iodide into boiling water, it has the composition Sb*PO* or 2SbP.6Sb^O*. 
It dissolves somewhat slowly in tartaric acid; when strongly heated it is resolved into 
tri-iodido and trioxide. 


The pentiodide of antimony described by van der Espt (Is^. SitppL 187), as 
formed by heating iodine and antimony together in the lysquirod proportions, appears 
to be nothing but a mixture of the tri-iodide with free iodine. * 

A Pbosplilde, PSb, is obtainefi by the action of phosphorus on antimony tribromido. 
both being dissolvtsd in carbon sulphide. It is a red powder, insoluble in benzene, 
ether, and carbon sulphide (W. liarasay, DeuL Chcm, Qes, Ber, vi. 1362). 


On the Oxides and Acids of Ant imof/y, and the probable existence of an Ortho- 
antimonic acid, SbO^H*, analogous to PO*H^ see Daubrawa {Lidfigs Annale7iy 
clxxxvi. 110). 

A phosphide^ iSb®S*. — According to Terreil i^Compt. rend. Ixxviii. 1500)^. native 
antimoniouH sulphide is not acted on by pure potassium carbonate (prepared 
l>y precipitating a solution of pure potassium sulphate with caustic baryta, and 
passing carbon dioxide into the liquid) in aqueous solution ; and the formation of 
kermes (amorphous trisulphido containing oxide) from the native sulphide by the 
action of pitasslum carbonate prepared from cream of tartar or from the bicarbonate 
is duo to the presence of small quantities of sodium carbonate. Terreil, therefore, 
recommends the formation of kermes in the w’ot w'ay as a test f(;r the presence of 
sodium carbonate in potassium carbonate. In the dry way, on the contrary, the yield 
of kermes is greater with carbonate of potas.siiim than with carT)onato of sodium. 
Milk of lime acts but slightl/on antimonious sulphide; the hydroxides of barium 
and strontium not at all. • 


This mineral, to the amount of several units per cent., is almost 
always fouiul in augitic greenstones, and is frequently met with in other platonic 
rocks, ospcciHlly trachytes and lavas (Petersen, J. pr, Chem. [2J, vi. 197). It also 
occurs in many dolerites, in colourless hextigons and long needles (Sandberger, Jakt'b. 
J, Min. 1874, 88). 

Apatite is found on the south coast of Norway, between J^ngosundflord and the 
town of Arendal, in veins, the most imj)ortant of which occur at Oedegardon, in the 
parish of Jiimle, in gabljro rfx*k. This rock has a spotted appearance and consists of 
hornblende and labradorito, intersected by veins of a nuigncsia-mica containing apatite. 
At Persdiil the voin-mass in the gabbro is magnetic iron-pyrites, and in it lie many 
crystals of apatite, exhibiting the characteristic rounding off of the angles and edges. 
At Krafeord apatite docs not occur in gabbro, but in vein-stocks of hornblende, the 
centre of th^voin consisting priiicipallu of coarse radiating hornblende, which often 
encloses masses of apatite two feet long. Those Kragerd veins have a most peculiar 
and beautiful appearance, being composed of intensely black hornblende, red’ apatite, 
light ^reon and grey radiating musses of asbestos-steatite, and rutile. The other veins 
are either hornbientle or granite. It appears that apatite crystals arc generally found 
only in tlie honibk)ndo veins which contain vnagnetic il^n-pyrites. It has, however, 
been found crystallised in quartz-mivssos which intersoct the layers of hornblendic and 
micaceous schist of Oestre lijdrrestad, in the parish of Bamlc ; sometimes in crystals two 
inches long, exhibiting tlie combination oo P.OP.P. Apatite crj< talsfrom Oexdiekollcn 
(Snarum) exhibit the combination ooP, oe>P2 . OP , li , 21*2 ; the variety calU^I 
moroxLto found at Aestesvag is found in beautiful largo crystals, on which the basal 
terminal plane does not occur ; the colours are white, grey, yellow', green, violet, 
brick-rod. The apatite from Oedegardon is penetratcdi and coloured by a peculiar 
carbonaceous substance (Bixigger a. lleusch, Jahrb^f. Min, KJ76, 196). 

Ciystallino deposits and small distinct crystals of apatite have been formed on 
small cleft faces of a rather hard ostoolito, dcurring on the base of the Rossberg in 
tbe northern Odenwnld (Petersen, ibid. 1873, 8o2). 

Apatite also occurs, together with hyalite and arragonite, in the neighbourhoml 
of Waltzsch in Bohemia. The apatite and hyalite occur most frequAitly in druses, 
the apatite forming the lowest layer ; then follow hyalite and apatite alternately ; 
and the uppermost layers are formed of hemispherical and botryoidal concretions, 
consisting of apatite and scales of hya^te, or of an intirKato mixture of the two 
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minci&U having an opalescent aspect. lijralite occurs also in tho Walt of Waluach 
in scaly-fibrous forms which are pscudotiK^bs after apatitet and in radial groups 
of needles which are pseudoxnorphs after amtgonite. 

Splendid crystals of apatite have lately biran formed at Untersulsbach. often 
enclosing fine needles of hornblende, but somotimes perfectly colourless and trans- 
parent; tabular through OP. One of them had a brcMUilh of A cm., another of 8 cm., 
caused by tho parallel growth of tw6* individuals (Tschermak, JoJW./. Afiacrcfooic, 
1876,200). ^ y * 

l- luoi^apatito from Murcin, in perfectly transp*m*nt green ish^yellow crystals, 

**P* g**- 3'25, "wus found by Church {Chrm. J» [2]. xi. 101) to contain : 

Ca'P'O* CuCl* ('•K^ 11^0 X* 

9:i n ^112 145 0*19 118 -- 100. 

Th^ percent !ige of tricaloic phosphate in this <hii>r-aj'aUto is nwirly 1 per cent, higher 
than that (92’26) required hy tho formula 

A1PH&08Xl>SUtZTXI. Sandherger's anslysiH of this mineral represents tho 
whole of the iron as existing in the state of fernms oxide (i. 849). According U) J^ios, 
however (CiAcy?», CVii/. 1875, 127 ; Jahrh. f, Min* 1878, 829), this is not tlie ciisf, ns 
both oxides of iron enter into the composition of tho mineral, which may, in lai 
represenUid by the formula S(2UO.SiO‘^) + t'>(R*0*.SiO‘*) + IHHH), when^KO represents 
ferruu# oxide and magncyMi, K*0* ferric* oxid<» and alumina, tho ratio of FeO : MgO 
being al>out lo : 1, iiinl that of Al^'O’ : bV<>*-»,*> : 1. From a comparison of the 
atuilyses by various chemists of ‘ Aj»hnmiderite,* or of * minerals rclausl to aphrosi- 
derite/ Nios concludes that tho grcwiter numlnT cannot ha miulo available for the 
determination of the formula, on account «if imperfect ration and determination 
«jf tho two oxides of iron ; and that thewM' in which tho two oxitli's were exactly sepa- 
rate<l awl estimated, rolato to minerals sp<*ci8i‘ally <lilT«rent from anlm)sidcrite. On 
tho other hand, ho considers it nio.sl prf>l)able that the true ajdirosiderito in idenlicu) 
W'ith llreithrtupt’s thnrfngitc (v. 791). 

Al^Xnr. This name w’as given hy Itroconnot t<} a substyiitco first obtained by 
Rump in 1889 (Huclinors liepett.f, P/iurin. vi. (>), from the leaves, stalks, and seeds 
of common parsley. It was axterwards examinotl by v. Plunta a. Wallace, irho 
obtained it only in an im]>iirc state, as a gclHtinous mass (i. 350), and more exactly by * 
Iviiidenborn {Inaugural IHs^rrtatum, Wiir/.l<urg, 1867), who oldaini^l it. hy careful 
nvap»rarion r>f the alcoholic solution, in neislles which gave by analysis 64'7l —56*26 
I>er rent, carbon, and 5 49 to 6*(3(> Iiydrr>gini. awl further showed that it is a glucoside, 
splitting up, when boiled with dilute sulphuric Judd, into glucose and apigenin (fifi*)8 
per cent. C. 3*0 11.) From these numbers Lindenlmrn infernal tliat apigenin is 
isf>mcric with quinono. and e.*isigncd to apiiii the formula representing its 

dvcoinyK^sit ion l*y the e^juation, + ll'O C*1P0^ -4 C*IP*0*, 

Quite recently upiin has l>opn further examiiiiMl by K. v, Uerichton Chtiu, 

Gef. Bcr, ix. 1121), whoso results jigreo in tho main with thfjsc of Lindenhorn, his 
Hnnlysi.s of apiin giving 53*55 per cent. CJ., .V36 H.. and that of apigenin 66*12 “66*21 
C. and 3*76 — 3’91 H. He fiwls that apigenin is oxidised by chromic acid mixture, 
even at ortlinary tompcrtiturcs, to formic nVid cjirl/ouir acids, and by^nitric acid b) 
oxalic and picric acids. 

Hy fusion with potash it yields phlorogbicin, together with an acid not 

yet fully examined, which by further fusion with p hash is convort^xl into proto 
catechuic acid, C’II*0\ sn\^U quantities of c>xalic, ftymiic, and pararyxybonzoic acids 
lyeing formed at the iwime time. Apigenin must therefore contain at feast 13 atoms 
of carbon. The analytical results cannot, however, 1)0 correctly represented by any 
13-carJ)on formnla, and the formula which agrocs best with all tho results is 
0'*H**0* (C =- 66-6 ; tl - 6*2), and this gives for apiin the formula C*M1”0** 
(0 — 62*9; H — 6*2), W^ith these numbers the decomposiiioM of apiin by dilute sul- 
phuric acid may be represented by the equal ion : 

+ IHO - + C**H«0* 

or more proloibly *■ • 

03r||»Q]« C*^n«0” 4 C‘*ll'*0». 

9 

Apiin is slightly soluble in cold, easily in hot water, still more ossify in hot 
alcohol, insoluble in ether ; from the aqueous or alcoholic solution it always soisirates 
by slow coolii% in the form of a jelly. It dissolves in alkalis with light yelfow 
colour. Its hot aqueous solution ^ves no precipitate with silver nitrate, nitrate, 


e • Lees awl tmert^minsh matter. 
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or copper sulphate, a brown-red precipitate with ferric chloride, a blood-red colora- 
tion with ferrous sulphate. 

Apiin is the most powerfully dextrogyrate of all known substances, its specitlc 
rotatory power for yellow light being +173*^. The crystals melt at 228® (uncor- 
rected). 

AVZOXi, or P^JRBXiBT CiBL1IKPBOR« ii|| a crystalline, substance, extracted, 
together with a liquid terpene, by distilling parsley-seeds with water. It forms 
long, white, brittle needles, melting at 30® and boiling at about 300®. By boiling it 
with alcoholic potash, it is convert^ into a body which crystallises in pearly, rhombic 
plates melting at 63*5°, and contains, as a mean of three analyses, 0 = 66*4, H — 6‘5. 
This last body boiled with dilute nitric acid yields oxalic acid, and a substance which 
crystallises from alcohol in long, brilliant: yellow needles, melting at 114®, and dis- 
solving gradually in boiling potash with deep purple colour*(T. Gerichten, Deut. Chon, 
Ges, Ber, ix, 1477). c 

APOPKOBPBZBB. See Morphi^te. 

APOPBYB&XTII. Formation from Wollastonite , — A. Strengl {Jahrhtich fur 
MimralogiOt 1876, 393), describes a specimen of woUastonite from Aserbach in 
Saxony, covered with a thin crust of apophyllite, which has evidently filled a cleft in 
the woUastonite, this cleft, however, not having been completely filled up by the 
apophyllite, excepting in a few places, so that most of the crystals of the lattar pro- 
ject into the free cavity. Those crystals are from 1 to 2 millimeters in size, perfectly 
colourless, strongly lustrous, and exhibit the (quadratic) combination ooP® . oP . P, 
with ooP very subordinate. They are either shortly prismatic, in which case 
P appears as a truncation of the combination-edges of ooP® and OP ; or they form 
thick plates, ®P then appearing as a narrow truncation of the lateral edges 
of P. 

This anophyUlte has evidently been formed by the action of carbonic acid water 
on the woUastonite, forming calcium carbonate, which remained l^hind (the wollas- 
tonite efiervesccs with acids), aivi hydrated calcium silicate, which dissolved, and was 
deposited in the clefts of the woUastonite ; — 

20aSiO* + CO" + 21I"0 - CaCO» V H"PaSi"0«.H"0. 

‘ ^ i 

AWZillS. Apples when heated wit A water give off a considerable quantity of 
gas. Four of middle size yielded 100 c.c., consisting of 40*2 carlK>n dioxide, 69 37 
nitrogen, and 0*43 oxygen. The apples contain, therefore, only carbon dioxiclo 
and nitrogen, the small quantity of oxygen being due to the presence of a little air. 
Older apples contain in proportion less carbon dioxide, in one «iso 31 07 being found 
to 68‘93 of nitrogen (C. Bender, Dciit, Chon, Ges, Btr, viU. 112). 

ikQVB BBOZB* See Nitrosti. Ci£lorides. 

ABABZXr (Schoibler, Deut, Ckem, Gen. Ber. vi. 1124). Schcibler, in 1868» 
described a constituent of the cellular tissue of the sugar-beet, which, under 
certain circumstances, passes into the juice, and seriously hinders the formation 
of cry stallisabfb sugar.* Tins substance^ possesses all the properties of the meta- 
pec tic acid, which Fr6my obtained from the st^ar-boet (iv, 360), excepting that 
Its alkali-metiil salts are not immediately precipitated by neutral or basic lead 
acetate, but only on addition of ammonia, and that, instead of being optically inactive, 
it is strongly Irevogyrate. ^ • 

Further investigt\tion has shown that this substance is identical, not with meta- 
pectic acid, but with arabic acid, C**H®*0**. The carbohydrate from beet and from 
gum-arabic, differ, indeotl, only in their rotatory power, that of the former being [a] = 
— 08*6, that of the latter —36 (B6champ). Scheibler finds, how^ ber, that the different 
varieties of gum-arabic occurring in commerce exhibil great diversities in their 
optical rotatory powers, not only in magnitude, but even in direction, and that 
a^ilar diversities are exhibited by the carbohydrates from beets of different g^wths. 
But these bodies, though optically different, yield, when bbiled with dilute acids, one 
and the same cry stalli sable Isevogyrate sugar, called arabinose, having the compo- 
sition 0*H*"0*, together with a smaller quantity of an uncrystallisable dextrogyrate 
sugar, the relative quantities of the two sugars varying with the optical characters of 
the original substance. 

Arabic acid is prepared from beet as follows : The fresh pulp is frq^ as much as 
possible from juice by prossure, then exhausted several times with alcohol of 86-90 

* See First SHppJrn^nt. p. 903, where on line 13 from the bottom, for t a r n I p*p u 1 p read pulp 

gr m arc a\igar-bect. • * 
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per cent.« again pressed, then treated erith warm milk of lime, and pressed once more, 
the exce^ of lime precipitated by carbonic acid, and the filtrate acidulated with 
acetic acid, and mix^ vitli alcohol. The viscid gum thereby separated is purififal 
by repea^ solution in water, and finally, by fractional procipitnUon with akohoL 
The Jirabin is thus precipitated in fiucks. but even after r«|H>at^ dissolution and re* 
precipitation, it is still not quiU free from mineral mutters. 

Another kind of gum i.s obtained iWim beet juice which has passed into the stnto 
of mucous fermentation. On mixing this juice with alcohol, manniticacid, lactic acid 
and a peculiar supir remain dissolved, and a precipitate is obtuintHl oonsistii^ of so- 
called * fermen^tion gum.’ which i» tkxtiogyrate, forms with Fehling's solution ablus 
fiocGulent preoipiUite, and when lK>iU-d wiili diluto acids, yields an uncrystallisable 
sugar which reduces copper sohitiouM (Scheiblor). 

Parorabin . — This is^i mollification of ambin, distinguished by not yielding 
bug]pr when treated with dilute acids. It is prejiared from carn»ts or beet-root by 
pressing them well, exhausting the pulp with water and tilc<.iiio1, digesting the 
residue with dilute hydrochloric acid (1 ]H*r cent.) fur some hours, and tlien boiling, 
and precipitating with alcohol. The pararahin thus procipitatod forms with 
water a jolly which dissolves in acids, but is completely precipitated by alkalis 
and by alcohol. By heating with an alkali it is oonvertotl into ordinary arabin, 
Pararabin forms wnlh h-ud and kirium the cumpi>und8 (C**lP'*0**)*Pb and 
’2C**11^0**Ba + 3H-0. It const ituU*» the Chinese vegetable jelly, called * Agar-agar' 
(i. 61 ; K. Keichardt, ZMi/*!, Chem, Qcs, Ber, viii, 807). 

AMJkMXMOm^ OJP *0*. This kind of sugar, prepared from arabin as altovo 
described, crystallises, acconling to Groth, in well-formed rhombic prisms, exhib- 
iting the combination ooP . oepoc . poo , loimetimcs also with ooP‘2. oojPfi \n 
very large 1, and £Pqo subordinate. Angle ooP : QoP««in® 44'; wP ; col^oo 
124® 12'; Pw ; l?co «127^ 20'; too ; c»j?qo >^^110® 2u'. UaUo of axes a v h : e « 

0 6783 : 1 : 0-4436. 

AS4EIIITX1S. This glucoside, when heated with aciils or fennonts, has hitherto 
bien supposed to yield only sugar and liydnxjuinono, ivecording to the 
C’^IP*0’4-H*Oi=.(>il''‘<3« 4 (kt Supj>r, llll); Imt fr.>m recent lixporimt uLs by 

Illasiwctz a. llabcnnann ( IVint' AA'Uff, lirr. 1876. 73: Litbu/n elxxvii. 330), 

ii appears tlmt, in addition to these coinpouiids. iiiethyl-hydJNxiuitione, is likt'-^ 

wise formed. Moreover, a careful rcvi.sion of the ]»ublifehcd snalystMl of arbiitin luia 
.^Ijown that its coiniH>sition is corrt^ctly represent lal by the fonnuln, (/'**H*^0**, ntid, 
consequently, that the (Icctnnpisition above inetilioiiiMl takes place in tho mauuer 
shown by the equation : 

+ 2H»<) - t c*u«o» + 

Strecker’s dinum-arbutin has, according t-i Iltasiwctac a. llaoermatm, the formula, 
3411 * 0 , with which, in hict, Stnrcker’s numbers agree nearly. 

AXtnXXTMTXTS. This name is given by LukiuIx {Jnhrhuckf. Mineralogif, 1872, 
030; 1873, 124) to a silicrt-slominate of inangaiiese containing vaiiadic acid and 
sometimes alsti arsenic acid, whicn <HX*urs iu<ir Ouivg in the Belgian Ar ionnos, mostly 
in thick-fibred cauliflower groups without roct>gi>iH:iblo crystfilline forms, but exhibit' 
ing two directions of distinct cleavage. Small wc.ll-dctined crystals are alsfi foun<l, 
w'liicl), according to mt isurements by voni Hath, lalong to the rhombic system, being 
derived from a rhombic oclqhcdrou in whi*'h the axial ratio is * 

lJraeh}'diiLf;oual. rrlnctpal sxlii. 

0 4663 I : 0*3136. 

Olisorvof faces : P . tcV . * P-jJ - « f'* . oc- . cal’cc , cej^oo . Pleavage 

pifrfcct parallel to cef 00 , distinct parallel to oeP. 

The colour of the minend is colophony- brown, ollen also of a sumowhat lighter 
yellowish colour ; translucent with reddish colour in thin splintcre ; lustre, waxy. Bp, 
gr. 3-620. Melts before^ t he blowpipe to a black glass, and gives a manganese boM 
with borax. ' • 

Quantitative analysis of a dark-etd^ured variety gave the following numl/ers:— 

SJOV Al*(P. MnO. CaO* Mp<>. VWi*. Cu+P'O*. II *0. 

23 74 23-60 104 26-06 2 04 3‘42 0 10 trace 4 04 00 7i 

agreeing neaily with the formula : 

6(R*0».SiOMtO.SiO‘) + 3KO.V*0‘ ^ 6aq. 

The lightest-coloured varieties contajp arsenic as well as vana^liuiD. Pisuni 
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(Co9it^. rmd, Ixkv. 1542) found in a yollowiBh-browu variety (called by him (few- 

SiO* A1*0» Fc*0» MnO CaO MgO CuO H*0 

28*70 28*36 2*94 26*40 4*30 4*32 1*30 1*80 0 98 = 99*J0; 

and in a subsequent analysis, 3*12 per cent. and 6 0o Ab*0*. 

V, Lasaulx, by a further examination of theSnineral {Jahrbuchf 1874, 276 ; 1876, 
263 ; Chem, Soc, Jour. 1877, i. 64), finds that it exhibits several varieties, in which 
arsenic and vanadic acid replace each other isomorphously. The darkest-coloured 
specimens, with which his former analyses were made, were found to be quite free 
from arsenic, and to give, as before, 9*10 per cent. V*0*, whereas a lighter-coloured 
variety, of sp. gr. 3*662, gave 6*64 per cent. As^O* and 28*82 per cent, silica, agreeing 
very nearly with Pisani’s determination, viz. 28*40 per Cent. A somewhat darker 
variety, intermediate in colour between the two just mentioned, gave 2*98 per c^nt. 
As'^O*. It is highly probable that, among the numerous varieties of the mineral, 
some may be found m which vanadium is altogether absent. Phosphoric acid, a trace 
of which was found in the first analysis made by v. Lasaulx, may perhaps bo found in 
other varieties, replacing to a greater or less extent the arsenic and vanadic acids. 
See also Bette ndorif Ann. clx. 126 ; Chem. Soc. Jour. 1877, ii. 175). 

The water in ardennite is very intimately combined, and can bo expellcnl only by 
strong and prolonged ignition. 

In this respect, and likewise in its crystalline form, ardoiinite exhibits a coiTsider- 
able resemblance to ilvaito. The quantities of silica and alumina (or its equivalent 
in ferric oxide) also agree very nearly ; but the quantities of manganous oxide, or its 
equivalent in ferrous oxide, ditfer considerably in the two minerals. Moreover ilvaito 
does not contain vanadium. 

Artlennite occurs on a quartz vein of the crystallino slate near Ottreg, associated 
with smoko-grey quartz, which is traversed liy pyrolusite, violet and black compounds 
of manganese and iron, and crysbillino aggregates of albite. None of tlioso minerals 
contain a trace of vanadium, which dement is, therefore, an essential constituent of 
ardennite. ‘ 

iiRZCZiriS. 8oo CiKcnuNX Ai.kai.oid.s. ^ . 

^ ikRirzCJk* The root of Ar7hwa mo7\f.ana was examined in 1860 by Walz, wiio 
obtained caproic and cnprylic acids from the watery distillate, and hexyl caproate 
from the essential oil {Ist Suppl. 192). It has lately been examined by O. Sigel 
{^Liebig's Afmnlen, clxx. 345), who has arrived at totally different results. 

The essential oil was distilled from a mixture of old and fresh arnica root. The 
water which accompanied the oil was strongly acid. It was neutralised with sodium 
carbonate, evaporated to dryness, exhausted with alcohol, the .alcoholic solution 
evaporated again to dryness, and the acid separated by distillation with sulphuric aci<l. 
The distillate had a pungent odour, which was afterwards found to bo due to formic 
acid, but it also smelt of butyric acid. It was neutralised by ammonia and precipitated 
fractionally by silver nitrate. The first three fractions consisted of microscopic neofllcs 
containing respectively 53*2^, 63*46, and ^64*38 per cent, of silver. The last three 
fractions were composed of minute tabular cryjjtals, containing 54*71, 64*78, and 65'1*2 
per cent, of silver ; silver butyrate contains 55*38 per cent, of silver. The last three 
fractions treated with a quantity of hot water insufficient to dissolve the whole, gave 
a solution which on cooling depc^sitod pure silver isobutyrate. The other acid con- 
taining a larger percentage of carbon is regarded by Sigol«Ls angelic acid, but neither 
caproic nor cnprylic^acid was detected. Old arnica root furnishes a distillate richer 
in acid than that obtained from the fresh root. Ten pounds of old root gave 12 grams 
of sodium salts, whilst 20 pounds of fresh root yielded only 10 gmms. 

Thr essential oil of arnica root is yellow, with a slight fcinge oi' green and is quite 
neutral. Its sp. gr, *==*0975 at 16®, =1*0087 at 0®. Arnica oil from the fresh root 
had a slightly greater sp. gr. The yield of oil is very variable ; old roots gave 0*4 to 
0*6 per cent., fresh roots, 1 per cent. The latter containec^ about 1 per cent, more 
carbon than the former. Submitted to fractional distillation the oil began to boil at 
214®, the greater part passing over between 239® and 245®, the rest between 246® 
and 263®, Irnving a brown resin. The several fractions, however, showed very little 
difference in composition. The oil was therefore boiled with alcoholic potash for 
some time, and the solution then diluted with water, which caused the separation of 
a lighter oily liquid. On neutralising the alkaline solution, a brown resinAus substance 
was precipitated, from which ether extracted an oily body, and this submittecl to dis- 
tillation in a current of steam gave a yellowish liquid boiling at 224®-226°. Its sp. 
gr. at 1*2® w*n8 1*015. It had the composition of phlorol, C*il“’0, and by treatment 
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'nrith ethyl bromide in pmsonce of potaeh, it gave ethy Wphl orol, u colourlosa liquid 
boUiiij^ between 216 ° and 2 l 7 ^< 

The alkaline solution from which ihephlorol had Ikoen obtained likewise funiishod 
180 butyric acid. 

The oily liquid which sejwimtM on addition of water to the alcoholic potash solution 
was submitted to fractiontd distillation, but could not Iwe mode to yiifild a <1eflnito pn^- 
duct. It was therefore oxidisid with'^i mixture of potassium chromate and sulphuric 
iicid. Carbonic anhydride and a small quantity of u lH>tly having the olmraotcrs of an 
aldehyde were pmluccd, also acetic aiul some formic acid, besides a crystalline l>ody 
molting at 45° -46°, and having the properties and comjHwtion of thy moqui none. 
This portion of arnica oil must t herefore ctmtniu t«^me liotly nearly ndated to thymol. 
It could not, however, be th^'niol, because this j>«>rtion of the oil was inwiluble in 
potash; but when hoatod wi^h strong hyiln«*lic neid, it gave a considerable quantity 
of methyl iodi<!o, and the residue furnished thymohydrxx^uinone, ttigelher with a small 
quaiftity of phlorol, and resinous products. 

Sigel hits also examiiuxl tho s^Hvimeii of arnica oil, formerly the subject uf Wnlx’s 
experiments, with result^s precisely the luiine as thos<' atH>vo ilelaiicyl, 

AJtOBSikTZC B02>X1IB. St'o Bknxknk Dkiiivai'IVXs. 

Al t B XTBL On the oecurnMice of Arragonite in tho neigh iHinrhood of 
Waltzsch in Uoliemia, s*'o Avatitk (p. 116). 

On ^Vrnigonite from Sat bach, sec Schraiif {Jithrhu<'h J. Minrru/tttfit, 1873, 60). 

AXtSaVXC. On erystnls of Arsenic from Juachimsthal, see v. /aqiliarovicli 
(Jahrhuih f, Miiicratoijic, 1875, 106). 

Arsenic in Pt/riteH, — U. A. Smith {Phil. HUuj. 14), xliv. 370; Chem. AVk'*, xxvi. 
176) has determined the amount of arsenic in didiTciit kinds of pyritiS, and its distri- 
bution (luring the manufacture of sulphuric iuid thcrofr^mi. and in the several stages 
of tho alkali nmnufacturc. Itockoniug the arsenic as arsenions oxide, the pro{>orlions 
found wore : 


Spanish pyrites: 'riiarisV .... 1'6,5 percent. As-n* 

,, ,, Mas-stjurs . . . 1'74 ,, ,, 

Belgian ,, 0*94 ,, 

V Westphalian pyrites ..... 1*88 „ „ 

Norvii‘gian „ hard. .... I’OA ,, 

., ,, soft . . . . . 1‘71 ,* ,, 

iJojsjsit in llie. tine leatiiiig from the pyrites kilns 

fu the lefwi-chainbi r . . . . , 46 86 „ ,, 

I)eposi( in tho cham]>cr ..... THO ,, ,, 

Sulphuric acid ...... 1 06 ,, ,, 

Hydrochloric aeid ...... (»'69 „ „ 

Sotlium sulphate ...... 6 03 ,, ,, 

Ssla- waste . . . . . . . ,, ,, 

tSrslium cnrlxmate ...... imue „ ,, 

Becovorwl sulphur I >y AIoii -1*8 pnK’csH . . ,, ,, 

After purifle-ation . . . . . . none „ ,, 

Smith’s observations furtlier tiujd to show' that some »if tho arse.nic oscapes into 
the. air. AVhon the salt usfsl for the production of l/ydrocliloric acid is trwitcd with 
snlplmric acid containing arsenic, tho arsenic becomes convi.‘rt<*<l into (richlorido. 
This compound is said to la/' conipleU’b* decoiiipmed by contact w^h wat^-r, so tluit, 
after it has passed, together with hydnjcJiloric acid gas, through ih© coivlensing towers 
it would .scarcely l;e cx|‘>cctc‘il that any tracca of nrsi nio originally present would ba 
found in tho escaping ^s. This is, however, ih« caw, a considerable quantity of the 
arsenic trichloriile eecaping the action of tho water in tho condensing txnvers, and 
passing together to the ehimney. A deposit found in the flu© leading from tho salt- 
cake furnace to the condensing towers, tho coke containcsd in the towers themselves, the 
gas in the flue learling to tb*' chimney, and the smoke escaping from tho chimney, 
were all found to contain aiwcnic. • 

Ab* 0' Iter cent. 

Flue dep»o«ib mean of nine determinations . . . . 43134 

Coke from comlcnsing towers, mean of three determi tuitions . 2*986 


Air in the flue leafling to the chimney, 
twelve determinations : 

Per 1000 cubic feet 

Per hour . f . . • 

Per day ..... 


rate 31,722 cubic feet per hour, mean of 
As^O* in gimlos. 

0'I6S 

* 6'0I2 

116134 
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Air taken about 10 feet from bottom of chimney — 

Mean of nine determinations per 1000 cubic feet 


Grain. 

O-OSQ 


The areeiiic probably escapes either as trioxide or trichloride ; if us the latter, it is 
ultimately transformed into the former by the action of water vapour. 

Arsenic in the Air of Rooms. —From cxporiml nts by H. Fleck {Zeitsohr. f Biologie, 
viii. 444) it appears that the air of rooms, the carpets or wall-papers of which are 
coloured with Schweinfurt green, often contains arsenetted hydrogen, produced by the 
action of moisture and organic matters on the arsenical pigment. The size, starch, 
paste, &c., used in hanging the paper appear to be especially active in this respect. 

'Detection, — Mayen^*on a. Borgeret {Compt. rmd. Ixxix. 118) adopt a method 
founded on the following reaction desci'tbed by IT. Hose : ^ 


2AsH» 6HgCl* - As2 + 3ITg‘Cl- + 6HC1. • 

Paper moistened with corrosive sublimate is exposed to the gas evolved from Marsh's 
ajipawituH. A trace of arsenic produces a lemon-yellow coloration, whilst a larger 
quantity gives a pale yellowish brown. Antimoneftod hydrogen gives a dark 
grey coloration. One part of potassium arsenate in 120,000 of water may be thus 
detected. By the aid of this method it is found that arsenic is rapidly absorbed into 
the human system and passes at once into the urine. ^ • 

In Sulphur, — Arsenic is sometimes tested for in sublimed sulphur and in flowers 
of sulphur, by lx>iling the suspected sulphur with ammonia, and then neutralising 
with hydrochloric acid. This method takes for granted that the arsenic exists in the 
sulphur as sulphide, or is converted into the sulphide by boiling with sulphur and 
ammonia. Arsenious acid, however, is the usiuil form in which arsenic occurs in 
sulphur, and it undergoes no change when boiled with aqueous ammonia. Snlplm- 
rotted hydrogen must, therefore, be used for its detection (Hager, Chem. Centr. 1874, 
376). 

In Paper or Paperhangings, — A piece of the paper or pjiperlianging is moisteiUHl 
ivith a concontrated solution of sodiiinv nitrate ili a iijixture of equal volumes of spirits 
^ of wine an<l water, and allowed jfco dry. The dry paper iq then burnt on a fLit portre- 
lain plate, and usually smoulders without flame. The ashes are treated with water, 
to winch are added a few drops of potash-solution to strong alkaline reaction, and 
the liquid is boiled and flltorcxl. The flitrate acidified with sulphuric acid is treated 
with potassium permanganate so long as decoloration takes place on warming, a 
slight excess of the permanganate being finally added, loaving a faint red tint. The 
solution, if turbid, is filter^. After cooling and addition of more dilute sulphuric 
acid, a piece of pure zinc is introduced into the solutson contained in iv small flask 
fitted with a doubly perhrrated cork. Jn one perforation is fixed a piece of parchment 
dotted with silver nitrate solution, in the other a piece dotted with lead acetate. It 
arsenic be present, the silver paper is soon blackened. The load paper serves as a 
check to show the absence of hydrogen sulphide. If the blackening does not occur, or 
if a slight blackening onl^, accompanied with a browning of the load, paper, ensues 
after some tftne, the absence of arsenic ma^ be inferred (Hager, Dingl.pol, J. cevii. 
511). 

Oil the Detection of Arsenic cn Toxicological Investigations, see Selmi {Gazs. chim. 
ital. ii, 544; Chem, i^c. Jour. 1873, 1165); also Kaiser (Zeitsohr, Aual, Chem, xiv. 
250 ; Chem. Soc. Jour, 1876, i. 754). , •» 

Estimation. 1. By Precipitation as A^nmonio-magnesium Arsenate. — It is 
usually recommended to dry the precipitate at 100^-110®, at which temperature it is 
said to retain J- mol. water, so that its composition is repre^nted by the formula 
2(NH^)MgA80^ + H*0. This mode of determination, however, is not exact, as the 
salt, when heated to the temperature above mentioned, gives off a little ammonia as 
well as water. For this reason, Rammelsberg {Deut. Chem. Ges, Tier. vii. 544) 
recommends that the precipitate be dried at 120® and than ignited, as first proposed 
by Levol, whereby, if tlie calcination b^conducted with the y^recautions recommended 
in H. Rose’s Traits de Chimie. Analytique (tome ii. 629), a residue will bo obtained 
having the composition of magnesium pyro-arSenate, M^As*0\ ^he dried precipitate 
is first heated for a long time to a temperature below 200®, then gradually rais^ to 
300® or even 400®, and kept at that temperature for several hours, then heated to 
low redness, and finally to bright redness. ‘When thus treated it gittos off all its 
wat«r and ammonia, without losing a trac^ of arsenic, whereas, if the salt be too 
quickly raised to a high teinpcrature, a portion of tlic arsenic is reduced and volatilised, 
entailing consitlorable loss. , *» 
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Aceordizi^ to L. Wood {SUJ, Am. J. [8|. vi. 868) voty exact re*ult« are obtatned 
by precipitating the arsenic acid with a eolutiou of mtigue&ium cliloride in alcohol i\( 
85 |»r cent., containing 100 grams of salt pop Utrc» and adding to the precipitatetl 
liquid, after twelve hours, half its own bulk of alcohol of the same strength. The 
pmipitatod arsenate of magnesium anti ammonium is collected on a tared filter, washed 
. with a mixture of 3 pts. water, 2 pts. alcohol, and I pt. ammonia, and dried, only 
that portion which cannot l>e easily dettched from iho filter losing dried till of constant 
weight, while the grater portion is put into a porcelain crucible, some strong nitric 
ticid added, the crucible covered, placed within a larger one. and heated till the weight 
becomes constant. The arsenic is calculated from the combincii w*cighta of Mg*AsK)* 
and 2{NH^)MgAs0‘'fH*0 found. To prevent the precipitation of mugnesium arsenate, 
the precipitated ammonio-ms^esium arsenate may Ih> coHecUitl on a filter, dissolvcKl 
in hydrochloric acid, rcprecipitated by ammonia, and the alcohol tulded at once. 

See also Macivor {Chem. AVer#, xxxii. 282 ; Chrm. Jour. 1876. t. 756). 

if. Kammelsbeig also recommends the volumetric estimation of the acids of arsenic 
(arsenic acid being fir^t reduced by sulphurous acid) by suporsaturation with p<>tasKiuiii 
carbonate, and addition of stareh-pasto and a normal solution of In applying 

this method, however, to the estimation of arsenic in igniUxl tnagnosium pyriuirscnatc, 
ho finds that the results ofUm come out tA>o low. 

3. Volumetric eetimatian of emalt *ptnn(iiie* of Arecnic and Antituouy, -The pre- 
cipitation of silver nitrate by the trihydrides of arsenic and antimony, ucetinling to 
the oqiSitions : 

l2AgNO> + 2AsH* + .311^0 .. 12HNO* + 12Ag ^ As’O", 

3AgNa« -t Sbll« . 3HNO* + 3Ag + 8b 

may be utilised for the estimation of small quantities of thest? metaln. 

The gas generated in Marsh's appamtus is passed into a m<*asuro<l volume of silver 
solution of knowm strength, and w’hvii the precipitation is conipleto, the excess of 
silver in the solution is estimated by means of a standanl solut ion of sodium chloride. 

The difference gives the quantity of silver precipitated by Uie arsenettod or anti' 
monettod hydrogen, .and thence tlio quiiut ity of urseni<. or iintimony present may be 
calculated: Ag — 0*11574 Ah -“O’ST dS ^b. 

The quantities of arsenic and'antimony in a mixture may found by detiuruining 
(1) The total quantity of silver precipitate<l ; (2) llv titnition of tho arsoriious acid, • 
whcre))y the quantity of silver precipif.-iUMj by the arfwmettetl hydi'ogcn bi'comes 
known ; (3) By difference, the amount of silver procipitabnl by the antimonnttisl 
hydrogen, whence the quantity of antimony |m<sent may bu calculatetl (Ilouxcau, 
Compt. rend. Ixxv. 1823). 

4. For the complete soparatiou of nrscTtic from animal matters, and its cMlifim- 

tion in various tissues, the foMowing inrthod i.H rti'oininvndtsl by Gaulior ((3r>7n|d. rmd. 
Ixxxi. 239). 100 grams of the mitslusl tissue an; gently warmwl with 30 grams of 

strong nitric Jicid. When the liquefied mass beromes visivjus and tends to adhent to 
the sides of the vessel, it iw nmovwl from the source of heat, U» avoid defiognition, 
which would bo atlondcd with loss of arsofiic'.. *Six grams of hulphtiric acirl are then 
added, and the mixture is warmoi until the arid emits fimicM, whem 15 grams of nitric 
acid are in troducfxl, drop by drop. The whole reliquefieH, emits nitrons fumes, and 
leaves a carbonaceous nisidue which is msily pulveriwsl, and exhausU^l with iKiiling 
water. The sherjy-colounxl filtrate contains nil the arsenic, but no nitric rtmiynunuls 
detectable by ferrous sulplmtc. To tho warmwl liquid a few dr*)ps of sodiuni 
bisulphite are added, and th^r arsenic is precipitat«I by sulphuretted hydrogen.^ 

Experiment shows that no arsenic i!» lost by Iho first tnMvtmcnt with nitric acid, 
even though «« mal l quantities of chlorides may l»o present. The powerful oxidation 
induced on the addition of the sulphuric acid is never ncc'unisinied by defisgra- 
tion, and the final cAbtion of nitric acid prevunta the n^iuction of tho sulnhnric 
a<*id. The residuary charcoal yields a scfirccly visible trace of arsenic in Marsh’s 
apparatus. . . - . , 

6. For tho determination of very small quantities of arsenic either in mioertti or 
in organic substances, Cfoj&mydis {Bull. Soc. Chim. [2], xxv. 348) i^ives the preference 
to tho method, first pro^sed by Gautier, df evolving the arsirnic from a Marsh's 
appanitus in the form of arson iurottod bydrr^n, and weighing tho metallic arwmic 
obuined in the combustion -tulaj. As evidence of the extreme accuracy of thia 
methofl. the following results are given : — 

Orpiment^f absolute purity was token : — 

Metallic arsenic Metatllc arsenic 

Wt. of OfTplmcnt. fanxid. culcnlater]. 

(>•0108 0006.> (HmftH 

O-Odfii • U‘0030 o i>oao8 



124 


ARSEiriC. 


Ou determining the arsenic in a portion of the same ^sample of orpiment hy the 
ammonium-magnesium arsenate method, inaccurate results were obtained, as will he 
seen from the following — 


Orpiment 

taken. 

0 - 6.5 


Am moni um-ni tipneaiuin 
UTiicnate ubtoiiied, 
0*8755 


Arsenic 

found. 

0*344 


Araenio 

calculated. 

0*3363 


Gautier*s method is equally accurate when applied to the determination of arsenic 
contained in largo quantities of organic matter. Knowm volunics of a standard 
orpiment solution (0*5 grtim of orpiment dissolved in 1 litre of water) were introduced 
into 100 gnims of moat, and the amount of arsenic determined. The results are given 
below — 


Wt. of mciit 
taken. 

100 grams. 


c.c, of solu- 
tion taken. 

5 

10 

5 


Wt- of orjii- 
ment. 

0*0025 

0*0050 

0*0025 


Wt. arsenic 
obtained. 

0*0015 

0*0030 

0*0015 


Arsenic 

calculated. 

000152 

0*00301 

000152 


The carbonisation of the organic matter must not however be carried too far, as 
it is fouTid that the greater part of the arsenic then remains in the charcoal as sul- 
phide. In order to be quite certain that all the arsenic is in solution, the organic 
matter which has boon successively treated with nitric acid, sulphuric acid, and 
again with nitric acid, is calcined, and the residue treat 'id again but not cltlcinod. 
By this process all the arsenic is obtained, and no sulphide remains in the charcoal. 

6. For the detection of arsenic in wines (introduced together with fuchsino as 
colouring matter), the following process is given by C. Husson {Compt. rend, Ixxxiii. 
190). Wlion arsenetted hydrogen Ls passed into a solution of iudiiio in benzene, the 
colour of that solution is rapidly destroyed, whercais it is not affected by pure hydro- 
gen. This reaction is applied as follows. The evaporated residue of the wine having 
boon treated by tho ordinary processes, so as to obtain the arsenic in the form of a 
potassium salt, this salt is dissolved in distilled water, and tho solution divided into 
two parts. One of those is r(jserved for qualitative examination, and tho other is 
divided into two parts, in one of which the arsenic is approximately determined by 
pouring tho liquid into a Marsh’s apparatus Vliich. is evolving pure hydrogen, and 
passing the gas into a measured quantity of a standard » solution of iodine in ben- 
' zone, and as this is decolorised, graduaUy adding more from a burette until tho 
docolorisation ceases. In tho other part of tho solution tho quantity of arsenic is 
exactly determined by pouring it into a Marsh's apparatus as before, and allowing 
the evolved gas to pass tlirough a series of about six test-tubes, each containing a 
known amount of iodine: for example, in tho Ist 0*01 gram; 2nd and 3rd, 0()06 
gram ; 4th, 0*001 gram ; 5th, 0'0006 gram : and Gth, 0*0001 ; but these quantities 
may bo varied according to tho indications afforded by l*no previous experiment. By 
noting the number of test-tubes coloured, tho exact quantity of arsenic introduced into 
the Marsh's apparatus can be ascertained. 

Ajraenloua Clilorldep AsCP. When nitrogen tetroxido is distilled into 
arsonious chloride, a liquid is formed w*hich floats on tho chloride, together with 
solid arsenic ojfide, which remains at tin surface of contact of the two liquids, and 
is produced in larger quantity on mixing theUi and leaving the whole for sonic time at 
a temperature about 0°. The liquid contains oxycliloridcs of nitrogen, and tho 
reaction appears to take place in'*the manner represented by the equation ; 

4AsCP + 5N-()‘ = 2As-0\+ 8NOC1. -i- 2NOC1- 
(Geuther, J\pr, (Jiwm. [2], viii. 354). 

Arsenious Fluoridep AsF^. This compound is best prepared by heating together 
4 parts of arsenic trioxide, 5 of c.'ilcium fluoride, and 12 of pfc » hydrogen sulphate, 
H®SO* (obtained by adding sul^ihuric oxide or the Nordhahsen acid in due proportion 
to common oil of vitriol). It is also formed by heating sodium or ammonium fluoride 
(preferably tlie latter) with arsonious bromide or chloride. When perfectly anhydrous 
it does not act on glass. It is miscible with alcohol and diher. It boils at a little 
above 60®, and its vapour-density (deteftninod in Hofmann’s^ apparatus) is 4*3 (calc, 
for 2 vols. = 4*6). It absorbs dry ammonia gas in largo quantity, producing a white 
non-crystalline mass, which dissolves in alcoBol and ether, but is decomposed by 
• water, yielding fluoride and arsonito of ammonium. With phosphorous bromide or 
chloride it yields phosphorous fluoride, PF* (j. v.), and arsonious brom\^e or chloride 
(Macivor, Chein, News, xxx. 169). 

Araenloos My'&riHe, or Arslnap AsH*. This gas is decomposed by strong 
sulphuric or hydrochloric acid, witli deposition of brown flocks consisting, not of 
a soKd arsenide of hydrogen, As*JI®, as commonly* supposed, but of metallic arsenic, a 
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ETnall quantity of sulphtur dioxide being formed at Uie same time. With nr^enitnu 
chioride arsenettod hydrogen formA hydxwhloric acid and metaUic arsenic, 

AbCI* + A«1P « 3A» ^ 3HC1. 

This explains why metallic arsenic is attacknl with difficulty by hyilrochloric acid 
gas, and scarcely at all by the aqueous acid. chloruie acts in a eimilar 

manner, forming hydrochJorio acid imfi a phosphide of arsenic, 

PCI* + AsH* « PAs + 3HCI 

(JanowsVy, Deut. Chm, Gea, Her, 1873, 216). 

With regarii to the solid arsenide of hydrogen, said to be deposite*! when motallic 
arsenides arodibsolved in acids, Janowsky finds that it cuiisists in almost all cases of 
metallic arsenic ; the nrsenkles of |KUnssium ami so*’.inm, liowcver, wdien decom|H>!*tHl 
by yuter, leave a brown velvety residue of solid l>y»lros*en nrsonido, Asll. 

ADgol (Cowrp^. rrnii, Ixxvii. 1545) also finds that the solid residue left on dissolv- 
ing arsenide of zinc in liydn.>cl)lori«^ acid consist. s of finely dividtxl arsenic ; so likewise 
does the brown substance fomud by the action of hyisqdjf^sphorous acid on arsenic 
oxido dissolved in hydixK’hloric acid. When arsine is passed over aulnhur in snnlifjht, 
Hulphido of arsenic is formwl, and hydnigen Hiilpliide is liln'rat^nl, nut imincil lately 
ileoonipoRixl by the excess of arsenic, the tube becoming with an iridescent 

film of nrsonious stilphtdo (F. Jones, Chrm. Soc. J. 1876, i. 048). 

Jkrsenlous ^nd A.:veiiie Oaldea &iftd A.elda» 1. //ect of Ft>rmatiofi and 
Solution (J. Thomsen, Drut. Chem. Gfa, Her. vii. 1002). — The following deU*rinina- 
tions, made by pr«)ccssi‘s differing fn>m tho.se cmployeil by Favro in 1853, show, 
never theb!.‘*s, a very close agreoment . The heat of aolnlion of amorphima Ah* 0* in 
water was ascertained by observing the diftbrence in the heats evolved when powdennl 
arBenious oxido and its solution wore rospectivoly atithnl to an excess of sodium 
hydrate. The rosnU, (As^O’.Aq) ~ - 7550, indicates that tho anhydride dissolves na 
»iU'h in water, no hydrates I.Kuiig formed. The t wo hy«lriili‘S of arsenic acid, ll*As*<>^ 
and IPAsO*, were examinwi. The solution of the hydrate IPAsH)’ low'ors the t4»m- 
porature fi*om 18*^ to 2^^, but, ns it almost iiiime<liate!y Ingliis to combine w’if h w'at.er. 
the tempenitiiro quickly ri**^*s agjiin t>> 30*’. and if only the rtHpiisife quantity of water 
fins been used, the whole solidilita to a m:iss of the hydrate The oxidation 

of arsonious to ar.venic acid was performed ^with io*iine, keeping the amenioua wid in* 
excess. Metallic arseni<‘. was oxidised with bromine- water. 

Tho following art' the results fin* one nmlecule id’ the respective c<>nns>und«, 
at 18"*: 


Heat of soluthm 


/(AH=(>\Aq) 

J{As‘<)\Aq) 

i(ll»AsO\Aq) 

1 (U^\«‘0\A<|) 


— 7550 gram -degrees. 
- 4 - fiO(K) 

- 400 
I I3(»n 


Formation of by* 1 rates 


5(AsW,2H*C)) 
J (Ab*0‘ 311*0) 


4710 

0800 


Formation of the anil V- J (As*, f)*)^ - l-^-tf/OO 

tlrides . ... - 219100 


/(A.s*,0*,Aq) 
Fomuition of the a<-ids ! ( As',0\Aq) 
in mme4ju.s sobitbm i (1* ' -1 1 

1 (Ah*U’Aq,<» j 


lliOtO 

225400 

215240 

78350 


y rntro liaafi nu^henomfiia and Jtanieify of Araeoions Arid in 
Aqneoua Solutifi0fi^\\rym^m,ihid, 935). The amilogy existing bf-lween arMfiic 
and phosphoric acids doc» hot extend to nrsenious anti x>hosphorouB acids. The com- 
position of the phosphites shows that pho>]>horoUH aritf is In basic, and the neutralisa- 
tion-phenomena of this acid distinctly prove tho Ul>asic clmmeUT of the molecule 
PO*H*. (See Phosphori;^.) 

The arsonites, on tlii? contrary, differ in cnnstiiutiori frcjm the phosfrhtU'S, and tho 
neutralisation -phenomena of arson ious acid show that the molecule Ak* 0* in a/juootis 
solution forms a biljasic acid, while *a hydrate, AsO*li*, nnalogous in conijKisition 
tf» phosphorous acid, if it haa any cxistenc**, muHt Ikj regnnUyl fi» a nioiwdiasic acid. 

An aqueous solution of arsimious acid, having a com'.fmtrat ion reprcwjiiUyl by tho 
formula Ab*<?' + 400 H®0, was mixed with a s*dution of Hixlium hydrate in the pro- 
portions of 1 mob of AsK)» to 1, 2, 4 and 6 tools, of NaOU. The tsAla-soIution 
contained in the several experiments, 4(K), 200, and 100 mols. of water for each mole- 
cule of sodium hydrated The evolution o^heat in these experiments was as follows : — 
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a 

1 

2 

4 

6 


As»0»Aq^«Na0HAq. 

• 7300 heat-iiTiits. 

. 13780 

. 16070 
. 16680 


These numbers show, in the first place, tha| arsenious acid is a weak acid : for the 
neat of neutralisation amounts to only half of that of phosphorous acid (28370), 
hydrochloric acid (27480), and the majority of the acids which have been investigated ; 
an aqueous solution of even carbonic acid, boric acid, hypochlorous acid, or smphu- 
retted hydrogen possesses a greater heat of neutralisation than arsenious acid. The 
numbers show further that the molecule As^O* saturates only 2 mols. of sodium 
hydrate, the evolution of heat on neutralisation of As®0* being — 


For the first molecule of NaOH, 
„ second „ „ 

,, third and fourth „ 

„ fifth and sixth „ 


7300) 
6480 
2-890 ■ 
2.250; 


16580 heat-units. 


The strong evolution of heat ceases with the second molecule of sixlium hydrate. 
The heat of neutralisation of phosphorous acid is quite difierent. If for the sake of 
comparison it is calculated for 2 mols. of PO*H* or P*0*Aq, it is — 


For the first molecule of NaOH, 14860 
„ second „ „ 14810 

„ third and fourth „ 2.13536 

„ fifth and sixth „ 2 . 672 


h 57880 heat^units. 




The evolution of heat in this case is proportional to the amount of soda, till the 
latter reaches 4 mols., so that the siinple molecule PO*H* is bibasic. Experiments 
on neutralisation with baryta gave similar results. An aqueous solution of arsenious 
acid, As^O^Aq, gives - 

With 1 mol. of BaO‘^H*Aq .... 14020 heat-unita 

2 „ .... 15620 

This shows, in the first place, that the law\iccoyding to which all soluble bases 
4 produce about the same heat of neutralisation with the tf;ame acids, holds good^for 
arsenious acid : for 2 mols. of sodium hydrate give 13780 heat-units, while 1 mol, 
of barium hydrate gives 14020; further, that the neutralisation is completed with 
1 mol. of barium hydrate: for the second molecule gives only 1600 units as the 
amount of heat. 

Arsenious oxide, therefore, in aqueous solution, acts ns a W'eak bibasic acid, and its 
salts, when they contain a larger amount of base, are basic salts. 

Arsenious acid and hydrochloric acid, mixed together in aqueous solution, produce 
no thermic reaction : for the evolution of heat wdth As'-^O* to 4HC1 amounts to only 
160 units. 

Solubility of Arsenious Oxide in Water. — L. A. Buchner (AT. Hep. Phartn. xxii. 
266) has examined the solubility in water of the two modifications of ar.sonious oxide ; 
1 part of theorystaili.sod oxide dissolve.H' ,in about 365 parts of water at 25®, after a 
few days* contact; 1 part of the amorphous Ucid, similarly treated, requires only 108 
parts of water to dissolve it ; 1 part of the crystallised acid dissolves in 46 parts of 
water, when the solution is prejftired at the boiling heat and then loft for twenty-four 
hours at 15® ; 1 part of the amorphous acid, similarly treated, dissolves in 30 parts 
of water. • • 

Action of Iodine on Arsenious Acid. — According to Zinno {N. Rep. Pharm. 
xxii. 385), when iodine suspended in water is added to a boiling solution of arsenious 
acid till a permanent coloration is produced, and the liquid, filtration through 

charcoal powder, is evaporated till it begins to become coiourod and opaque, and then 
left for some days in a cool place, shining crystals are deposited, having the composi- 
tion As*0*I*, that is to sjiy. arsenic oxide in which 2 at. oxygen are replaced by 4 at, 
iodine. This iodarsenic oxide is more soluble in vater than vitreous arsenic 
oxide ; soluble also in alcohol, insoluble in ether, and in bc'tizene. It is decomposed 
by nir, by light, and by prolonged boiling of ite aqueous solution, yielding arsenic and 
hydriodic acids. The undeconiposed aqueous solution exhibits the reactions of a 
soluble iodide. On pouring a solution of potassium iodide into a hot incomplete 
solution of iodarsenic acid, potassium iodmrsenate, A8^0*H.2KI, sej^urates in fine 
silveiy scales. The corresponding ammonium tsalt, obtained by neutAliaation, is a 
colourless crystalline mass. 

According to Wegner, on the other hand {Jjithng^s Anualen, clxxiv. 129), the sup- 
posed iodarsenic acid has no existence, tha cr^tals obtainetf* by Zinno's process con- 
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M«tiog mo^y of aweniouft oxjMc ponfaining a trace of hydrlodic tw\d. When iodine 
i« dissolved in a hot solntion of arseniotts acid, the latter is oxHlisedp with Ihrmation 
of arsenic mcI hydriodic acids, which set on each other again when the solution is 
concentrated, free iodine and arsenious acid being reproduced. 

Arsmait ^, — When the arsenates of barium and lead aro boiletl with nitric add of 
variable concentration, and Ae solutif^s loft to cool, docom^xwiiion takfW place, and 
crystals of barium or Itttd nitrate are deposited, provided the nitric acid is frafficientiy 
concentratod to render the nitrates of lead and Ijarium insoluble in the liquid, if 
water added to a solution of barium arsenate in nitric acid, it remains clear; but 
if a boiling solution of lead arsenate in nitric acid be diluted with water, it quickly 
deposits needles of biplumbic arsenate. 

The ^osphates of lead and barium react ^ith nitric acid in a precisely rimilwr 
manner (Durillier, Chmpf, rStd. Ixxxi. 12,51). 

On the Compounds of Arsenic acid with Molylnlic ncid, see Moi.yihikmow. 


SiilphM«a« The experimonts of Nilsm^n, alrt^ady described (2 m</ Suppt, 100), 
have been continued (,/. pr. Chem, [2], xii. 296; xiii. 1), cliiofly with the view of 
determining the conditions under which nvilgar and orpiinent aro proilucod. 

1. Arsenic disulphide, Ah^*. Jieatgnr. — Arsenious auhydrtda and sulphur 
hoated together, accoiding to Berzelius** Jire(*tions, in the proportion nf 2As*0* 
to 7S*, vielded a transparent ruby-red glass containing 4*2 94 ptir cent, of sulphur, or 
rather Imore than enoughofor As^'<*. On mixing it with the thtHiretical quantity of 
arsenious anhydride, and again distilling, a dialillato was ubtaine<l, having the same 
appearance, and still containing too much sulphur for realgar, nearly enough, 
in ftict, for orpiment ; and even aft^^r this treatment had Wen repeat several 
times, the sulphur never fell below 30 per cent., whereas realgar contains 20'91. 
A better rosiili was obtained by heating 3‘95 grams of arsonious oxide and 2 34 
gRuns of finely-powdered sulphur for aWnt seven hours in a strtvim of carWnic anhy- 
dride. The miiVHR then slowly changwi into a cinnabar-coloured crystalline substance, 
having the composition Aa*S“, and dismdving p/irtially in caustic |*otttsh with a bloi'k 
residue, which reaction is characteristic of realgar, v 

During the preparation, a little njietiUIic arsenic was liberated, and it was found 
by a special experiment, thne an wxido and a sulphide of arsenic act on one iint>ther 
lik# the oorresfKinding lerffi compemnds, that is to say, with rwiuction of arsenic uud 
formation of aulphurona oxide. • 

An opaque amorphous glassy substance, formed on hearing arsenious oxtdc and 
sulphide together, was found to contain 2«5'43 j>er cent, sulpbur and 72' 10 arsenic, 
the prap>rtion of arsenic being larger than in the disulpliidc. 1*his result ctmOrms 
Hausmann’s hypx>theHis, that a Huiall admixture of arsenious oxidi^ renders nmlgar 
uricrystjilli sable. The ruby-red gloss obtained as a product of ll»e flrsl-mcntioneil 
distillations consists of a mixture of disulphido and trisulphide of arsenic. 

If hydrogen bo sub^titutod for carWnic anhydride in expelling air from the 
retort in which the distillation is jxrformcxl, the sulphide of ursenic is reduced to 
metal, with ©volution of sulphuretted byilrogen. The higher sulp)n<le is not so easily 
reduced as the disulpliidc. 8o<lium sulpharsenato is also reduced to miHallic arsenic 
(contrary to Bose’s nsserrion) by heating inmn aimospl)e 4 M> of hydrogi-i^ 

After expolling the oxygon from tifi; nrKcriic distdphitle by heating in an ntnio- 
sphere of hydr»>gen, and adding a quantify erpuil to that wliicli was thereby rcmov»Ml. 
pur© rcalgJvr was obtained by fusing the mixture mi an atmosphere of carlsinic 
anhvdride. 

Senarmont states that migar is fiwnifsl when arsenic trisnluhide is hcat^ivl in a 
sealed tube with sodium bicarb<inate ; If. Jhwe, on thootlier hamf, ssserU that arsenic 


is volatilisod, and sulpharsenato remains. Bose's experimeiitH wore repeated by 
Nilsson, and his sta|^ent confirmed. 

Bdrzelius obtained a * hyposulpbarsenilo ’ as a );ulky brown precipitate, bydiss/ilv- 
ing arsenic trisulphido in .sofiium carbonate, and letting Um solution c*x>l. I)i re- 
peating this experunent with a strong l-dling solution of srxJium enrb<;nafo, Nilson 
observed the precipitation ♦f a heavy cry»tidlinc p<iwdor, whib* sulphurette<l hydroqtm 
was evolved. This poirffler melts, forming iierwi liquid, which a**sumes a crystalhue 
form on cooling. After being dried over sulphuric acid, it hwes no weight at 
It forms a yellow folation with caustiC pfjlash, and a purple »sdution in caustic so»la, 
which soon becomes clear, while a black precipitate falls. TJj© sfdotioij contains an 
nrsemto and a sulpharaemte. Analysis proved the crystalline powder to bo pure 

arsenic disnlftide. , . , , . , 

The most characteristic test for realgar is the precipitate which settloi ftom Its 
Bolution in alkaline hydrates; this sulisUnce was regaivlwi by Bcrzoliu* as As»*8, and 
by Kuhn as araentc ^mtaminated wiOi arsenic disulphide. Kuhn aeeounta for 
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its formation by the reaction 3As*S“’ = 2 As^S* + As*, which requires that the libe* 
rated arsenic should form 23-36 per cent, of the realgar used. 

Various experiments mode by Nilsson siiow that this reaction really takes place, 
but that the arsenic acts on the excess of alkaline hydrate on prolonged boiling. No 
arsenetted hydrogen is liberated, but probably hydrogen, owing to the decomposition 
of water by tho finely-divided arsenic. Thq whole of the arsenic disulphide is not 
decomposed by boiling with caustic alkali, for^he arsenic encrusts it, and prevents its 
action. This accounts for the sulphur found by Berzelius, and satisfactorily disproves 
the existence of tho compound As'^S. 

Healgar on exposure to air becomes partially oxidised ; and the liberated sulphur 
combines with the arsenic to form trisulphide. This was demonstrated by dissolving 
the arsenious oxide and sulphide, encrusting some realgar which had been exposed to 
air, in alkaline carbonate ; tiie trisulphido was precipitatad from the solution by ad- 
dition of hydrochloric acid, and the arsenious acid was recognised in the filtrate by 
tho reaction with sulphuretted hydrogen. This oxidation occurs in nature. Orpi- 
ment is probably a secondary product, formed by the action of air on realgar, and 
arsenious anhydride invariably accompanies orpimeut. 

Koso states that arsenic disulphide melts in a current of chlorine, to a yellowish- 
brown liquid, which becomes brown by absorption of chlorine, and has tho composi- 
tion AsCl^.SSCl. Nilsson, after fractionating the product obtained in this manner, 
found it to consist of a mixture of sulphur chloride and arsenious trichloride. 
Chlorine acts on trisulphide of arsenic less energetically than on the disulplhde, but 
tho products obtained are the same. 

2. Arseiiic Trisulphide. — When arsenic trisulphide is added to a concentrated 
boiling solution of sodium and potassium carbonate, arsenic disulphide is precipi- 
tated, and the remaining solution deposits a bulky brown precipitate of sodiumtri- 
Bulpharsonitc, NaAs*S® + 411*0 or Na*S. 3 As‘-S* + 811*0, which is decomposed by 
water. 

When, instead of allowing tho solution of arsenic trisulphide in sodium carbonate 
to cool, it is kept for a long time at 70°“80®, a yellowisli-brown crust is deposited, 
consisting of slightly impure arsenic trisulphido. When the above-mentioned uolu- 
tion, after removal of arsenic disulphide, is evaporated till it solidifies on cooling, 
an amorphous brown mass is obtained, which, on* standing, deposits four different 
crystalline jnibstances, viz. (1) Disodic oxy snip har it on ate, Na-As*S“0* + 711*0 
or 2Na*0.2A8'‘'S’*0* + 7H*0, in garnet-red- hexagonal crystals (sometimes short prisms), 
spiiringly soluble ia water, more soluble in alkaline liquids, and decom|X)sod by 
hydrochloric acid, leaving a yellow residue; (2) Trisodic sulpharsenate, 
2Na*AsS*+ 151P0, or 3Na'-'S.Aa*S“ + 15H''0, in well-formed monoclinic prisms, easily 
soluble in water, and decomposed by hydrochloric acid, with separation of Aa^S* and 
sulphur; (3) Hodium bicarbonate in small white crystals ; (1) Bisodic arse- 
nate, Na^IIAaO"* -h 7H*0, or 2Na‘‘'0.H-0.As*0*+ 14H*0, in colourless ci^’stals easily 
soluble in water, and not decomposed by hydrochloric acid. Tho following reactions 
account for tho formation of these sovoral i>roducts : 

CAs*kS» + Na*CO> + 4H*0 = Na*As^S«0* + 4A8*S* -t- 4H“S + CO*. 

^ SNaAsS* GIPO = 2r:aAs^S* + 2Na*AsO» + 6H*S, 

Tho sodium arsenite is converted into arsenate, either by decomposition of water 
or by tile oxidising action of thfr air. 

Tho products formed by boiling arsenic trisulphido with potassium ciirhonate are 
similar to those obtained with sodium carbonate, excepL.ing that, instead of a dioxy- 
sulpharsenate, a trioxysulpharseiiato of potassium, K''0.As*S'-0* -f 2H*0, is produced : 

3As*B» + K*CO* + 3H*0 = K=0.As*S*0* + 2Ab*S- -h 3H*S + CO*. 

Sulpharsenites . — When an alkaline or earthy bydrosulphide is saturated at ordinary 
temperatures with arsenic trisulphide, salts arc produced having the composition 
AbS*R or K*S.As*S*; of these, however, only the calcium salt, CaS.As-S*+ 10H*O, htis 
been obtained in tho ciystalline state. They are decompossd by water, with formation 
of insoluble acid compounds, such as Ne.-’S,2Aa'S* + 611*0, &n. On boiling the solution 
of potassium sulpharsenito, K^,As*S* -s oH^, a crystallised acid sulpharsenite, 
K‘-W.3As*S* + 211*0, is formed, with evolutiowof hydrogen sulphide. This, like the 
other acid sulpharsenites, is decomposed very slowly, or incompletely, by hydrochloric 
acid. In a vacuum more basic salts may be formed, such as 2R*S.As*S* and 3R*tS,AB-'y*. 
This, however, is not the case with the sulphides of tho alkali-metallP, which, when 
more than 1 mol. is present to 1 mol. R*S, yield a sulpharsenate and free arsenic. 

Amruonium hydrosulphide forms, under all circumstances, only one compound, viz., 
(NH*)*S.A8^* + 411*0. Prom a solution of calcium atUjpharshnitCt 3CaS.Ap*S*, a basic 
salt, 7CaS.As*S* + 2611*0, or Ca*As*S*.4CaS + 25H*0, may be obtained in fine crystals. 



ARSENIC. 


189 


reas the eolutioi^ of eorrepponding barium and tuipkarmuUn deposit 

tale of the ealte ll*A*W + 16WO at 2R^S.Ae^» + 15H*0, 

5. Artenio Pentasulpkide^ A»*S*. — The precipitate formeil by hiriiroehloric 
[ in a solution of a sulphiMenate at ordinary temperatures consista of the hydro- 
oh ide, AsS*H* or 5H’'S.Aa*S\ which does not gire up the whole of its hydrogen 
>liide till after prolonged boding with excess of hydrochloric acid. The penta* 
>hide thus formed contains wster«^d when dried over sulphuric acid has the 
^position Ae^*-f H*0. When dried in the air it undfkigDes i>artial oxidation, with 
nation of arsenious oxide and separation of sulphur, lu consequence of this 
^tioot axseuic TO&tasulphide precipitated in the cold and air-dried Mways contains 
I siUphur ; ana herein may found an explanation of the obserration made by 
.ckiger (Isf Suppl. 226), that ammonium thioeulphate is formed on treating the 
tasulphide with ammonia ; also of the ftu% obscrveii by Bcontelius, that when the 
itasuipbide is dissolved in alkaline bydrosulphidcs, a small quantity of sulphur 
1^08 undissolired. The tendency of the pc u tasulphide to split up iiiUv trisulpoide 
I free sulphur is seen in it- behaviour towards silver solution, the product thereby 
med being arsenious acid unmixed with arsenic acid. The separation of sulphur 
ich takes place when the pentasulphide is dissolved in potassium arsenate likewise 
icates the comparatively loose attaclimeiit of two-llfths of the sulphur contained 
it. 

When hydrosulphides are saturated with arsenic pentasulphide, the formation of 
noAial salts AsS^K* o93K*S.As^* appears to bo the exception, the more ordinary 
ducts being salts of the forms 5R*S.2As^* and dR*S.3As*8*, or else the double 
fcs, aR'S.As^S^ + 2R«Si^.As’S* + 8H*0. 

The following sulphur-salts of arsenic have l>eeu examined by Nilsson ; — 


K»S.A8«»-f AU»0 . 

3K»S.2As*S» + 8H*0 
K*S.3Afl»S» + 2H*0 
3K*S.A8*S»+ 2U*0 
K*0.Aa*S*0*-f2H*O 
Na-S.As*S»4-nK) , 

Na»S.2A8®S* + 6H*0 
Na*S.3A8*fS* -r aH*0 , . 

*3Na*S.As»8»+ ir>H»0 . 
3 Nu«.A 8*S‘+ 18H*0 
Na'‘O.2A»=S»0»+ 7H*'0 . 
(NH0*8.3Ae-S» 4-411*0 . 
8 cNU*)*S.3A8*S* . 

BaS,6A8*S* .... 
BaS.A»*S» + 211*0 . , 

BavS.A8*S* + xH*0 . 

2]BaS.A8^* + /iH*0 
2BaS.As»S* + 6H*0 
2BaS.As*S*-e 16H*0 

5BiiS.2As*S» + 6H*0 (?) . 
3 B«S.Ab*S* + 14H»0 
3BaS.A8*S* + 2BaS. A8*S* + 8H*0 
2(SrS.A8»S») + fiH*0 
2arS.As»S«4'16H*0 .• 

3Sr3.As*S‘ + 2SrS.As*S» + 8H*0 
CBS.A8»S»-f 10H*O(?) . 

CaS.4AB*S*+ 101^ 
CaS.»As*S»+10iro ^ 
7CaS.AB’S» + 25H*0 

fiCaS.2As*S*+12H*0 
80aS.2 Aa»S* + 20H*O4^ . 

MgS. Aa*S* + 6H*0 . 

2MgSJU^ + 8H*0 
3MgSJU*S^ + 9H*0 
6MgS.2As*8»-f 30HK> 


. Amorphous bright- red salt. 

. Blood-red amorphous mass. 

, Red-brown, microscopic cry stnls, 

. Lung, four-sidcil, dehquosceut prisms. 

. Bmall colour) ras point o<l crystJtlH. 

. Dingy-brown, amorphous salt. 

• . Rod-brown, aixioqdioijH. 

. Amorphous kermes-likc body. 

. Lango yellow moiiocliriic priMins. 

, Small, short, op/iqtie rhombic oct/diodrons 
. Fin© gurnot-nd crystals. 

. Rod crystalline salt. 

. Yellow, amorphous, shining mass. 


. Brown shining mass. 

. Groen mass. 

, Greyish-green. 

. Xndigo-bluc. 

. Jjtkrge inonocJinic prisms, with diamond 


Iqstrc. * ^ 

. ^eoolo-shapod microscopic cryAals. 

. Yollowisb, 6at, pointed prisms. 

. Yellowish pi4sra8, with diamond lustre. 
. Amorphous, orange-yellow masM. 

, .X#»irge monoclinic ciwstuls^ 

. Yellow radio-ciystailine mass. 

. Long slender prisms with silky lustre, 

. Brown, amorphous. 

. The same. 

. Dung, dexible, white, nacreous, four- 
sided prisms. 

. Rarlio-crystalltne, easily soluble mass. 

. Yellowish rhombohedront. 

. Brown mass. 


r soluble salt, 

dt. 


Dihario SulfhartimUf, 2BaS.Aa*S*+ 5H*0. separates frrjm its solution, on evapo^ 
ion in a vacuum, as a greyish -green precipitate, which, if left for som^ time m um 
Q other-liqnor, turns indigo-blue without change of composition, and reteine Usie 
colour even ajfter washing^rith water* 

3r<f ^up. 


K 
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j^lUinnoansxiTa. This miDeral occurs in a bed of manganese ore at 
Romanfeche Macon (Seine et Loire), and is generally mixed nrith particles of wax. A 
remarkably pure specimen, in fibrous crystals, of sp. gr. 3’36 and hardness I'd, gare, 
after separation of a few particles of black manganese, the following analytical 
results ; — 


As*OV 
1.) 39-90 

%) 89-83 


Fe^\ CbO. %£sO. ^ K*0. H"0. 

36-83 16-57 — ^ — 870 « 100 

36*67 15-98 0-18 0*47 7-87 = 100 . 


The water in these analyses was estimated by difference : a direct determination 
gave 8 -21 per cent. The results agree approximately with the formula 
6CaO'| 

H*0 > 3Ab® 0* -h 3(Fe®0*.2H®0). The, latter member, which is known as a distinct 
Fe®0®J * 

species named Xanthosiderite, exhibits a marked resemblance to arseniosiderite jn its 
physical characters (Church, Chejn. Soc, J&wr, [2], xi. 102). 


ARSSlTFKBSnrK CBXiOUSS. See PHmrn:. Coufoukbs. 


AJftSZSrB, AsH*. See p. 124. 

ASPAJULOZSTB, Supposed Tran^ormation of the AspaTogim of 

LeguminoscB into an Albuminoid. — The researches of Piria and Pasteur, though cou- 
tradictory in some respects, nevertheless agree, together -^'ith those of other authors, 
in showing that asparapfine is always formed during the germination of leguminous 
plants, whether in light or in darkness, and that ns the vegetation advances, this 
Hubstanco is transformed into an albuminoid if the plant grows in the dark, and re- 
mains unaltered if it grows in the light {2nd Suppl. 108). These statements respect- 
ing the alteration of the asparagine, appear, however, to rest on a very slender 
experimental basis, and according to Mercadanto they are altogether incorrect. From 
exporimonta on the yellow lupine {Lupintis luteue) and the kidney-bean {Phaseolus 
vulgaris), he finds that the asparagine formed during the germination of the plant is, 
during tho subsequent growth,^ whether in the dpk or in the light, invariably more 
or loss transformed into aspartic and succinic^ acids and ammonia, without a trace of 
albuminous substance. The transformation is ac(^olerated by exposure to light, the 
products of the decomposition concurring with tho plastic substance of the proto|>lasm 
to nourish the plant. 

To separate the asparagine, aspavtic acid, and succinic acid, the juice of the plant 
was boiled to 8ex)arate albuminous matter ; the filtered solution evaporated till it no 
longer deposited any crystalline substanco on cooling ; tho solution saturated with 
sodium carbonate, then mixed with barium acetate and alcohol, which precipitated 
the succinic acid as barium salt; the alcohol evapt^rated ; and the solution, some- 
what diluted, was mixed with cupric acetate, which gave a precipitate qf copper- 
asparagine. The liquid filtered from this precipitate was treated with hydrogen 
sulphide to precipitate tho copper, then evaporated, and the residue was treat^ with 
sulphuric acid to convert the ^ryta into sulphate, and finally with ether, which on 
evaporation left a residue of aspartic acid (Morcadante, Gaze, chim, ital, 1875, 
187). ‘ . 

Sachsso a. Karmann have determined by 8achsse*s method {2nd Sumpl, 110) the 
percentage of as^rogine in germinating peas during growth of various duration, both 
in the light and in the dark. The results are as follows : — 

Duration, of growth. Ii| light. t* In darkness. 

Six days .... — .... 0-46 

0-69 0*56 

Ten . 1*31 0*93 

Fifteen days. 2-60 2*68 

Twenty-four days 6*94 7*04 

Hence it appears that tho absolute quantity of asparagine formed is the same in light 
and in darkness ; but the weight of dry substance fomv^d is gr<mter in the light, and 
consequently there is a higher percentage of asparagine in'^he otiolaM glands. 

Asparagine is decomposed hj nUrous acid, according to the equation : 

C*H*N*0» + NO*H - + NH» -i- N®, 

the ammonia combining with the malic acid thus produced. The watery extract of 
peas, boiled and filtered to separate albumin and then treated with nitsous acid, yielded 
a quantity of nitrogen which showed that about one-third of the soluble nitro^n 
WHS in a form which gives the characteristic reactions of amides and amido-acids. 
As asparagine does not occur in ungefminated peas, the soluble body ia, perhaps, 
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•■piutie <»r_ glatanie aeid, or more probably the mbstanee analogoae to iwpenurin* 
found hj KitthauMn in retebM. 

The subst4ince just mentioned was first obtained by Rittbausen {J. pr. Ckrm, [2]* 
ii. 336) from the seeds of vetches grown in Greece ; and he has since obtained 26 
grains of it from 46 kilogrtuns of streds of black vetches grown near the Rhine. It 
foras feathery crystals having the composition C*II'*N*0*, and is converted by nitric 
acid (sp. gr. 1*2) into a bull^ gelatinous mass» very slightly soluble in water. On 
heating it, a small quantity of colourless gas is evolved, and a 3 ’eUow solution is 
formed which, on evaporation over a water-bath, leaves an amorphous residue, violet- 
* coloured at the edges. With fuming nitric acid, it evolves a Urge quantity of colour- 
less and scentlesB gases, but the residue does not appear to contain malic acid (.7. »r. 
CAem. [2], vii. 874). ^ 

Aotwn of Urea on ABpd^gine, — When a mixture of equal parta of urea and 
asparagine is heated to 130°- 140° for half an hour, a tranK|vi.reut fused mass is 
obtain^ which dissolves in a small qutuitity of hot water, the solution, when Utt at rest 
for twenty-four hours, depositing a ciystallme powder puriftalde by rcHTiystallisation. On 
heating the mother-liquors from which these crystals have separalwi to 100*^ tor two 
or three hours, ammonia is given ofiP. and the solution deposits another subMaiice in 
transparent crystals (Guareschi, Oac^. chim, ital. v. 246). 

On the ii\fiuence of Asparagine contained tw the Sugar-Hquor from and Canes 
on the St^harimetric Detenfination^ sec Stjoau. 

ASFASTXC ikCXXI* C^il’NO*. This acid is formoil, together with uiicrysiitl- 
lisable prtKlucts, probably also consisting of amido-actds, by t)xidiKing oonglutiu with 
potassium permanganate (K. Pott, J, pr, Chem. [2}. vi. lU) ; also together with leuciiu-, 
tyrobino, and a byrupy acid, by digesting blood-tibrin for some bours at 4U‘^-60°, with 
the pancreas of tlie ox (liadziejowski and iSnlkowski. Veut. Chem, ties, lirr. vii. lOfttl). 

JkBWlMdLVOM, A now form of aspirator, founded on the principle of the diverg- 
ing jet, is describcsl by H. Lasne {BuU, Soc, Chim. (2], xix. 21M ; Chrm, <Sbc. Jtmr. 
[2], xi. 837). 

ATACAJMtm* Cr^staUine form, — Crysitils of Uiis mineral from South 
Australia have been examine J b^ v. /<»phart*vich f. Min. 1874, 83). t)f 

the t,wenty*tbrce forms prctdously ol>s<*rvtKl in uUoauiitc, tlicMo crystals exhibit 
eighteen. They arc always prismatically elo.igatwl in the diriK tion of the vertical 
axis and implanto^l by one end of it. At the free ends JP co is always present, and 
generally predominant ; OP occurs frequently, P more rarely ; oc P is usually marked 
with long vertical at nations, or curviKl. Mean sp. gr. «3‘70. 

iJepharovich also gives a few uUsorvations on atacaniito crystals from other local- 
ities, viz. (!) From ^rnwall ; so-caIIckI bolallackit^j. The crystals have a twofold 
habit, being someGroes t^ibular and mostly tenninaUwi abovtf by ^ c», laterally by 
ooF. 00 ^2 and ooPoo; or they are needles of tlio onlinary combination. (2) From 
Algodon Bay, Bolivia. Very thin, bxsio, somewhat curvt*d lamed Im termimiteii laterally 
by cleavage faces in the direction of P oo. 

From a now calculation of the dihodra! angles of atiunimite, v. Zepharoviedt deduces 
the axial ratio — * ' • 

3,acro<liAgafia2. IVlac-'liMl axi.. 

1-6214 1 : , 1 - 14086 . 

Composition . — liammeUberg {MineralchenUe, 191) giv» s throe varieties of atacam- 
ite, consisting of 0uCl*.3CuO, #vith 3, 4||, and 0 mols. 11*0 respectively. A well- 
crystallised and apparently unaltered specimen from Australia, of a rich green colour 
and sp. gr. 4*3H, analysed by J. A. Cabell {Chem. h’etos, xxviii. 271) gave the follow- 
ing numbers : — 

CoO, ^ Co. Cl. HHt, 

66*64 1^67 16 44 12 02 « 97*77 


whidli agree accurately with the formula CuCP.3CuG.3H*0, or CuCl*. SCulPO*, or 
Cu® I ^ 0 )J * <ytftiia>sitioti of a spec^en of aUcamite from Chile, enaly«<?<l 

some years ago by J. W. Mallet, viz. — 


The immposit^n of normal atacamite appears, therefore, to l>e representwJ by the 
formula just given. 

A.TacoSFHnB# Sources of Atmospherie Ammonia . — From the known fact 
that the quantity of combined nitrogen supplied to the s^dl by rain and snow is less 

X 2 
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than that ‘which is removed bj harvests and by dzaina^, Schloesing 
Izzx. 175) infcfrs that some natnial source of atmoi^henc ammonia must 6xaBt» itllpr; 
pendent of atmospheric electricity ; and this he thinks may be found in the 
where the submarine organisms, growing at the expense of the enormous quantity of 
nitrates carried into the sea by rivers, yield up, when decaying in the absence of sax, 
the whole of their nitrogen in the form of ammonia, which is directly absorbs^ frata. 
the air by plants and by the soil, without the interference of moisture. He calculates 
that from this source, a quantity of ammonia may be supplied to the soil, suffideut - 
to repair the losses above mentioned. It must not be forgotten, however, that 
wherever nitrogen is removed from the soil by harvests or by drainage, it is found • 
necessary to supply ammonia in the form of manure. 

Qitantities of Ammonia in the Ai^ at different Heights. — P. Truchot {CompU rend» 
Ixxvii. 1169) has determined the quantities of ammonKa in the air of Auvergne at 
three different heights, viz. at 01ermont*Ferrand, 395 meters above the sea-level ; on 
the Puy>do-I>6mo at 1446 meters, and on the summit of the Pic de Sancy af 1884 
meters. Two to 5 cubic meters of air were used for each determination. 

At Clermont-Ferrand the results varied from 0*93 to 2*79 milligrams per cubic 
meter, the highest results being obtained on misty days, and the lowest on dear days. 

The single determinations made on the Pny-de-D6me on a bright day ga'Ve 3*18 
m.g., and the results obtained at the higher elevation wore 6*55 mg. on a day ‘^eh 
the summit was covered with mist, and 5'27 mg. on a subsequent fine day. The . 
general results appear therefore to be that the quantity ^increases with the ^evatloo, 
and is greater in cloudy than in clear air. ; 

On the Exchange of Ammonia between Air, Water, and Soil, see Schloesing 
(Compt.rend. Ixxxi. 81, 1252; Ixxxii. 747, 846, 969; Chem. Soc. Jour, 1876, i. 95, 
518 ; ii. 44, 172). 


Amount of Carbon Dioxide in the Air. — The determinations made by 
Schulze at Rostock (2nd Suppl. 113) gave results lower than the average of those of 
other obsorvers, perhaps on account of the vicinity of Rostock to the sea. Similar ' 
results have, however, been pbtained by Honneberg (Landw. Versuchs^St, xvi. 70) at 
Weend, near Gottingen. Seventeen determinations on a largo scale gave a mean of * 
3‘2 vol. CO' per 10,000 of air at 0® and undor a pressure of 700 mm. ’ , . , 

An average of 347 determinations made during a yjar at Duhmo gave &*34 yols. * 
CO* in 10,000 volumes of air (Fittboggn a. Hasselbarth, Ckem. Cenir. 18^4, .69%), 
Observations made by P. Truchot (Compt, rend. Ixxvii. 676) in Auvergne . gave 
for the most part higher results. The amount of citrbon dioxide was determiB«i by 
passing 10 litres of air through a solution of barium hydrate of knowo^atrenglh con- 
tained in four Woulfo’s bottles, and by subsequent titration. The Observations were 
made at Clermont-Ferrand during tho months of July and August, bcfth'on an elevated 
terrace and in the country ^ 


Carbon dioxide Xol. ih* 

per litre. 10,900 »li»: 

mgr. 

On the terrace . . Jil* ^5; . • S'lm 

1 During the night 0*801 4*0^. 

^ /Remote , from/ Day ^ . . . 0*624 

Tn vegetation (Night . ‘ . . 0*753 

counny vegetatibn | \ In the shade . 0*826 - 4>aA 

^ Night. . . . 1*290 ^ 6*40“ 

These flgure^s show that the amount of carbon dioxide is larger, dnnttg the nighf 
than in the daytime, and that the amount does not vary iria^ u tbe"n%ighbour* ' 
hood of a town. The sun influences the quantity of carbon dioxi^ neai^^^regetatipn.' 

From observations made at different elevations it was found that the quan^i^pf 
carbon dioxide diminishes considerably ns the altitudotincreafies. *“ .‘vvi * ' 


Place of 
Obaprrntfoii 


26th, 28th, 'I 

30th Aug., }“ Clermont-Ferrand 
1873 . J 

27th Aug. Top of Pay-de-D6me . 
29th Aug. . Peak of Sancy . 


395 52 



CO* 

VdL*l^ 

^Preseure 

per litre 
atO» 

100,000 
air at O* 


and 760 

nnd 760 , 

znzu. 



725 

,0*623 

3*13 


1446 

1884 


21 

6 


638 

578 


0-405 

0*342 


203 

1*72 
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■ ^Kllrum -Wiult® may be explained when it is constdered that the cnrbon dioxide is 
l^^i|||^red ftom the surface of the earth, and that jt« »p. gr« is greater than that of air, 

iOsnAon Jhoxide in the Air of the Soif. — The amount of this gas iu the air of the 
soil of Munich^ at different depths and at different times, has determimHl by M. 
T. Pettenkofer (A’l Rep. PAarm. xxi, 677). The «nl frt»m which the air was taken 
was a calcareous drift soil, containing sand and apparently free from organic matter. 
Tfco air was extracted from it by means of five lead tubes, I centimeter in dinmeter, 
inserted to the depth of respectively 4. 8, 2^, 1 and j| meters, the other end of each 
tube being connected with an aspirator. For CMUsh estimation of carbtm dioxide, 14 to 
18 litres of air was aspirated in about three hours. The experiments, which extended 
from September, 1870. to October, 1871, showed that the proportion of carbon dioxide 
in the air of the soil deerq^sed with tolerable regularity from the lowest layer of 
the soil upwards, and that only Uio air in the upper layer was at all quicklv influenced 
by the dinerent rates of diffusion and ventilation, brought on by changes \n temp^'ra- 
turn and increase of wind. During the greater part of the time, air was taken 
simultaneously from the depths of 4 and 1^ meters, ten or twelve experiments being 
made each month. The means of the quantity of carbon Mioxide contained in 1 000 
parts of the air, by volume, in these comparable experiments, arc given iu the follow^ 
mg table : — 


• 

1871. 

CO* in air 
fruin itepth 
of 4 meten 

CO* in sir 
from depth 
of meton 

1871. 

ro* in sir 
from dti»ih 
of 4 imdor* 

(X)* in sir 
from depth 
of uioteis 

January , 

3-461 

2-603 

Juno . 

6*306 

7*702 

February 

4 176 

2 428 

July . 

8072 

8*806 

March 

4106 

2-786 

August 

16-138 

10387 

A^riL 

4*497 

2-432 

Soptembor. 

14016 

0*037 

may 

6 777 

6-402 

October 

6-462 

4*186 


in the months of June and July did the air from the upper Layer of the i»oil 
couUJn more carbon dioxide thun that fro^ the under layer. 'J'ho maximum and 
iginimum quantities iu lach htyer o<’CuiTod at about tlio suiau time. 

The largest proportion of carbon tlioxido i*orrcs(>oud« with Uie groatewt warmth in 
the i^per Layer of soil. 

Bydrostetio 'water was found ut a depth of nearly 6 mMers from the surface of the 
. soil, audjfumlaised an almost constant quantity of 01 22 gmms of frr*e carbon dioxide 
per.Utre. In ah experiment, nuidc^ to find how much carl^nic acid this bottom water 
csfuld yiel4.up to air lying iimncdiatcly over it, 1034 litres of the water were allowed 
..to,drop through 9 litres of uircontiiinod iu n flask, in the course of twetity*twu hours ; 
at the end of the experiment tiie air was found to contain 4 -4 2 parts per 1000 of carbon 
dioxide ; Um air obtained from the soil at a depth of 4 meters, on the same day, (oti- 
t flftiw parts of carbon dioxide per 1000. In a siipib^r experiment, but with 
48up'Stres of w'ator passing through 7 litres of air, the air from the flask coiiteiucd 
4'5Vparte, wLiilst air from the soil contained 7 03 purls of car>>on dioxide per litre. 
These experimcDts, and other considerations, tend to show that the carbon dioxide in 
the'air of the soil could not be derived from the bottom water, but that 1x)th the air 

* aad the witeg of the soil must«obtain their carbon dioxide directly from the soil ; they 
also aqgjjasf . ^lat the chief source of the carbon dioxide in this soil may be found in 

* soma of fomiB of animal life. 

Hydgo^m Peroxid^tH the Air. — K. Schdno (iJeut. Chem. Qes. Ber. rii. 2693) has 
> published A swies of ff^servations made in the latl«*r half of the year 1874, on the 
jireaetiM and amount of this compound in the water precipitated from the atmosphere 
m every form (rain, hail, snow, dew, hoar-frost, &c.), and in artifloial dew and frost 
obtained by exposing a ves^! containing ice or a freezing mixtiure. The obser^atians 
were carried on at tbe .rlgricoltural Academy of Petrowskqje Bammowskojc, near 
Moscow, and 180 meters a^ve the sea-level. 

The reagents employed were — 

1. Potassium iodide, starch, and ferrous sulphate', which is capable of detecting 
0 04 mg, per litre with difficulty ; 0 06 mg, with certainty.^ 

2. QuaiacuSk and malt extract, the limit of d< lic«^ being 0*06 mg. 

3. Ferric chloride and potassium ferricyanide, whi^ will detect 0*02 mg. per litre, 
l>ut is not so characteristic as 1 and 2, since ammonium nitrate produces the same 
reaction as peroxide of hyflrogeo. It is, bosrerer, decisive as to the absence of ozone. 
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4. Alkaline solution of lead oxide, lead acetate, potassium iodide, starch and acetic 
acid (Struve). This reagent does not distinguish the peroxide &om ozone. The 
quantitative method was a colorimetric one, depending on the slorw separation of iodine 
from potassium iodide in neutrUl solution. 

Bain and HaU, — The quantity of peroxide varied generally between 0*04 mg. and 
1 mg. per litre. Ip two cases, however, more tlhan 1 mg., was observed. As a rule 
the smaller the drops of rain the less was the quantity of ^roxide contained in them. 
After long dry weather the drst rain that falls contains less peroxide than that sub- 
sequently falling, probably on account of the organic matters in the air, but during 
continuous rain the quantity generally diminishes considerably. In showers falling 
on the siime day, at only short intervals, the proportion was often very different. 
The direction of the wi^ has an utdoubted influence.^ The highest average was 
obtained with south and south-west winds. The amount also vanes very considerably 
with the time of year. During the time occupied in the observations the qua^itity 
increased till the time of the autumnal equinox, and then diminished. The proportion 
in storm-rain appears to be on an average rather higher than in ordinary rain, but in 
individual cases the latter frequently exceeded the maximum in the former. The 
entire amount which fell on 1 square meter in four months was 62*9 mg. (in 221 litres 
of water). 

Of twenty-nine aimples of snow collected in November, twelve yielded indications 
of peroxide, with reagent 3 only. Of the remainder, pone contained mo^ than 
0*06 mg. per litre (after molting). A dilute solution of the peroxide maybe repeatedly 
frozen and thawed without loss. 

Of all the samples of natural dew and hoar-frost, none contained sufficient per- 
oxide to be detected by reagents 1 and 2. 

The artificial dew and frost prepared during the night also yielded no indications, 
or at least only traces during the early part of the night ; but it was present in that 
condensed after sunrise, and the quantity increased with the altitude of the sun to a 
daily maximum, which in July appeared to lie between 12 and 4 p,m., but became later 
as the days shortened, the quantity at the same time diminishing. Thus in July it 
was 0'4 mg.; in Au^st, 0*86; in September, 0*16 ; and in October, 0*09 mg. per 
litre. Besides sunHj^t, which appears to be elsentjal to its presence, the following 
« meteorological conditions seem to favour a large proportiun : — 

1. A high temperature. « * 

2. Absence of clouds. 

3. High absolute and low relative moisture of the air. 

After a fall of rain the amount in the artificial dew (or frost, between wldcli there 
was no great diitorenc©) was ^ (or less) of the quantity obtained in fine weather. 
I'liis seems to indicate that the peroxide actually exists in the atmosphere in the form 
of vapour, and is washed out by the falling rain, and that it was not formed either at 
the moment of condensation or subsequently. This was corroborated by confining a 
condensation apparatus under a bell glass together with a vessel of water. Tho dew 
condensed under those circumstances contained no peroxide. 

From the preceding data it is calculated that (assuming the whole of the peroxide 
to be precipi4ated together «with the condensed water) tiie highest proportion obtained 

(0*4 mg. per litre) corresponds witli grm*. H*0*, or c.c. of its vapour per litre 

of air. * 

Atmoaplierl^ Oust* G. Tissandier (QompL Ixxviii. 821) has dotermiuod 
the amount of suspended matter in the air, by slowly drawing air by means of an 
aspirator through distilled water contaiued in Liebig^s bulbs, and afterwards evapor- 
ating the water to dryness. In this way 6 mgrms. of dust was obtained from one cubic 
met.er of the air of Paris, taken at a height of three meters fi^ the ground, in three 
days after an abundant rain on the previous night. After continued dry weather in 
tlie summer, as much as 23 mgrms. were obtained from a cubic meter, but the ordinary 
amount was from 6 to 8 mgrms. From 1*6 to 3*5 mgrn^. of dost was deposited, in 
different experiments, on a sheet of paper a square meter Sia area, exposed on a calm 
night* at a he^ht of from 10 to 16 meters. The dust 'ontained from 25 to 34 per 
cent, of organic matter, burning brilliantly ; its composition may be fairly represented 
by the following analysis of dust taken from one of tho towers of Notre Dame, into 
which no one hod entered for several years : — 
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Organic matter rich iu carbon 

f Soluble in water. Chlorides* and sulpliatoa of 
alkalis and alkaliDe eanhs and uitmto of 
ammonia 


Mineral niiater 


' Soluble iu 

1 MgCO* and Ura^ 
I phates, alumina, 
‘Insoluble in hydrochloric acid 


of phus< 

Ac. 


32-266 

9’220 

6120 

Id'OiO 

2*121 

34*334 


UK) 000 

Iron, prolwibly of extra -Aerrcst rial origin, tk as pri'sent in all the samples examiisiHl. 

4A.TOMCXC VOZiirMai. Sec SpKOinc Volumk. 

JLT01IK8. On tho Absolute Weight of Atoms, see Annaheim {iJettt. Chttm. Gr^. 
Ber, ix. 1161 ; Chem. Soc, Jour, 1877. i. 31). 

On the Atomic Gonstitutioa of II^im : Berthelot rmJ, Ixxxii. 1226) ; De 

iSaint-Venant (t6»Vf. 1223): Chem, Soc. Jour. 1876, ii. 471, 472. 

On the Transposition of Atoms: Meyer a. Forster {IMui, Chem. Grs, lirr. ix. 629). 
See alw Phoptl NirairKs in this %‘oluine. 

ATROYZirS. Prej^rat ion from Belladonna leavre. — Tho leaves are exhausts! 
with boiling water containing 10 grams tartaric acid per kilo, of the loaves', tho 
hltored liquid is evaporated to <lrynt>ss ; and Uio residue rt‘i>o«le<lly treated with 
strong alcohol at 60*^. Tho alcoholic liquid is thou distilled, and the residue Hbaken 
with ether, whereby gum and chlorophyll are reniovi'd* while atropine tart.rnU* re* 
mains insoluble. Caustic potash solution is then adtled Ui the residne, which is nmtin 
shaken with ether; the ethereal solution is ex'iij^oratod ; the reshiue dissttlvwi in 
■water acidulat-ed with sulphuric acid ; sodium bicarbonate is addwl ; and the liquid 
again shaken with ether. On evaporating off’ the etlK*r, pure atropine erysUdlises t)Ut 
(Lefort, Chem, Cenlr. 1873, 797). 

Detection . — According to Ii. Brunner {J)euf, Vhm. GtA. Tier. ri. 96), the most 
characteristic testa of atrcppine are the dilatation of the nupil which it proilueos, amk 
tho aromatic smell whicli is emitltHl on adlliog the alkaloid and u little wal/cr to a 
hot mixture of sulphuric arid and potassium dicliromate or ammonium molylHhito, 
The latter reaction, although very eharacteristir, requires groat skill ; hut it lakes 
place without fail on placing the atro|>iue on a f<w crystals of chromic trioxide con* 
tained in a porcelain basin, and applying a gentle hfsat until Uie trioxido assumes a 
green colour. (See further, Chem. Soc. J. 1876, i. 778.) 

When an alkaline solution of atropine is shaken up with chlorofonn, tho atropine 
dissolves in the chloroform even at onlinary temperatures (Newark, Chtm. Centr. 
1872, 636). 

JkVCtZTX* Yellow Auaiieof V'eeuvive. — O. vom lUth {JaJirh.f. Min. 1876, 200; 
has examined a splendid ^mb, 6 ccntimjstcrs in d‘-amotor, from t^l^ locality, the 
outer crust of which consisiod of sauidirio, black iiugit^;, a little hornblende, and 
melanite. Below this emst, which was thin, there was a second xoue, composed 
chiehy of green diopside and biotite ; tho intcriof'’ of tho bomb, however, was an 
aggregate of reddish awte, mica, and huniite. Tho augiU* exhibited tho combination 
QDp . OP . 2jlao . 2P . Pae oepao , qpP3. tip. gr. - 3'283. .Its chemical Wimpo* 
sition was : — 

8JO*, AI*0*. Kfrfi. CW>, UkO. Lew an Uptltion. 

53*2 ^-6 2*3 23*4 19 3 0*2 - 9*99 

which agrees closely with "tho white *>r colourless varieties found at Achmafowsk, 
Orrijarfri, Oulsjo, &e. A remarkable fact connected with this augito from tho 
Vesuvian bomb is that outer augite contains only black augito ; ihodnir*esof 
Uie second zone contaia<j^i^n augite, and thpse of the interior yellow augito. 

A pseudomorphous eonvemion of augite into talc crystale bae been obeorved in 
two distinct stages of conversion near Nordre Olafsby, in Snartun. 

Some of these crystals, most of which are about 8 centimeters long and 1 centi- 
meter broad, still cleave in one direction, assess a peenisb-black colour, are Uans- 
parent aloogstbeir edges, and are not very bard. Other ciyatals have lost flieir espa- 
bility of cleaving, are grey, and have the same hardness as talc. In some cr)’Sta1a 
there is found a nucleus which is still in the 8rst stage of transformation. The 
chemical change involved in this latter j^udomorphosis c^^nsists in tho replacement 
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of ferrous oxide and calcium oxide by water and maguesi^ {A. Helland, Pogg. Ann* 
cxlv. 480). 

On the Molecular Volume of Augite, see Volume. 

On Augite and Hornblende in Cheenatone^ see CKubenstonb {^nd Sujyph 581). 

On Augitic Trachytes^ see Tuachttk. ^ 

JLVlULJrTZZSr. The glucosido, found by De Vrij in the flowers of Citrua 
deaumana, and regarded by him as hesperidin, is in realty quite a different body 
which may be called aurantiin. It crystallises in small, yellow, monoclinic prisms, 
dissolving freely in hot water and in 300 parts of cold water, and melting at 171®. The 
crystals consist of C**H"0'=' + 4H-0, and lose thett water at 100° ; they have an 
intensely bitter taste, and give with ferric chloride a deep, brownUh>red colour. 
Aurantiin fused with potash yields a product which giVes with ferric chloride a 
green colour, not, however, duo to protocatechuic acid (E. Hofmann, Heat, Chfitn. 
Gee. Ber. ix. 600). 

JLTOZir, or KOaoUC JLCm, (Dale a. Schorlemmer. Chem. Soc. J. 

1877, ii. 121). This red colouring matter, obtained by heating phenol with oxalic 
and sulphuric acid, has already been described (Is^ Suppl. 299; 2nd SuppL 117). 
The experiments of Dale a. Schorlemmer last quoted left it undecided whether the 
true formula was or Recent experiments have shown, however, 

that a perfectly pure product may be obtained by heating a xiixturo of sulphurfc acid 
and pure phenol on a water-bath, and adding the oxalic acid only gradually, always 
waiting till the evolution of gas has ceased before adding another portion, and not 
using sufficient to attack the whole of the phenol. Aurin thus prepared has exactly 
the composition C**H“0*. In its formation, the oxalic acid is rG.solYed into CO, CO- 
and H^O, and the CO reacts with the phenol, according t3 the equation : 

3G-H«0 + 2CO - + 2nK), 

The same compound is obtained by the action of nitrous acid on rosaniline 
999) : « 

+ SNO^n = + 3n-0 + 3N'^ 

and it is reconverted into that base by heating with unimoQia in aqueous or alcoholic 
solution : , * 

Cj»iii40» + 3NH> « C^ni"S* + 3I1“0. 

From this it would appear that tho true formula of rosaniline is 0*®H*'^0*, whereas, 
according to Hofmann’s analyses, it is C-’®H*'*N*. Further experiments are required 
to reconcile this difference ; but Dale a. Schorlommor remark tliat, in the analysis of 
organic colouring matters, the percentage of hydrogen often comes out too high, a re- 
markable instance of which was exhibited in Schunck's analysis of alizarin from 
madder, which made tho formula of that compound C“H*®0^ iTi8te;id of 

When aurin is lioated with alcoholic ammonia for several days to 160°, the 
jrosaniline which is tirst formed is converted into leucanilme, tlie alcohol in presence 
of alkali acting as a reducing agent. From this it might be inferred that a 
similar action Wikus place in'^he formation of rosaniline from aurin, tlius — 

+ 3NH> + C^U’O - 0^n>*N» + 3IPO + C»H^O. 

But this is not the case, inasmu^ as rosauilino is quickly formed by heating aurin 
with aqueous ammonia to 120® for 20 hours. If tho tenweraturo bo raised to 180®- 
200®, other colourless bodies are likewise fortned, reseimding those which Lieber- 
mann obtaino<l by heating rostvniline witli water. 

Commercial aurin contains a large quantity of a pale re<l resinous body, as 
observed by Zulkowaky (Bent. Chem. Gee. Ber. x. 460), also ^ dark red colouring 
matter, which is not only much more soluble in alcohol tlAu aurin, but also increases 
the solubility of.tho latter, which can be obtained pure only by a number of rccrys* 
tallisations. None of these bodies are formed in preparing aurin &om pure phenol 
according to the method above described. V 

All TU irZTX. Calcio-uranic Phosphate ; see Phospuates. 

Avjnmmxir oatbociiAsb. SeeFELSPAB. 

ABAAZBAOBVA. The bark of the Nim tree (Asadirachia indica) is com- 
monly used in India as a tonic and febrifuge. Its taste is intensely bittef, that of the 
inner layer especially so. The leaves have also a veiy bitter taste, and are used exter- 
nidly as a poultice, being said to have a powerffil effect in preventing glandular 
tumours from coming to raiiturit.y. Tho seeds yield a considerable amount of oil, 
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which also has a strong, bitter taste, and is used in medicine and for lamps. The 
roots are said to have vermifuge properties, but the main virtues of the tree reside in 
the bark. 

The bitter principle is a neutral resin, having scarcely any definite reactions. It 
may be obtained by exhausting the bark with alcohol of 00 per cent., precipitating 
the filtered tincture with water, and purifying the precipitate by solution successively 
in benzene, carbon sulphide, dry ether,^and, finally, absolute alcohol. It is soluble 
in strong, boiling solutions of the fixed alkalis, from which acids reprecipitate it ap- 
parently unalter^. It does not form definite compounds with acids or with bases, 
• but ou treating it with nitric acid and precipitating with water, a nitro -derivative is 
obtained, having the composition C3**H “(NO*)*0” : hence the formula of the bitter 
principle is inferred to be 

The leaves contain a small quantity of a bitter substance of a similar cliaracter, 
but much more soluble in water. This substance, also contained in the bark, is a 
hydrAe of the resin, which it closely resembles in its properties (J. Broughton, 
Tharm, J. 2\ans. [3], iii, 992). 

AZOSSVZmrSa See Beitxjcnis. 

JLZOBSVZOIO ACXB. See Bhnzoic Acu). 

AZOirZTBOBTBTZ^PSBirni, C»H*N»0» - C*H«NO*— NziiN— C«H» 
(Meyer a. Atnbuhl, Dvut. Chem. Ges, Her, viii. 761, 1073). This compound is formed 
on mixifig the aqueous soluSions of diazobenzono sulphate and sodium-nilroethano, and 
separates as a yellow oil which soon crystallises. Its formation may be represented 
by the equation : 

C-H»— N:=N- SO«H + C*H*(NO’)Na - NaHSO* + Ni=:N-^Cni«NO». 

DLazobenzeno sulphate. Sodiam>nitrocthane. Aoonitrocihyl- phenyl. 

To prepare the compound it is not, however, necessary first to prepare a diazobenzeno 
salt and the sodium-derivative of nitroethane. A much easier mothcKl is to dissolve 
aniline in exactly two equivalents of nitric acid, and add gradually with agitation, to 
the cooled and much diluted solution one equivalent of jMitassium nitrite dissolved in 
water. There is thus obtained, according to the equation : 

C*H*NmNO'H + SIO’lC + NO*H - NO*K + 2n'0 

, + C*H»— N=N— NO* 

a solution of diazobenzeno nitrate, mixed only with potassium nitrate, which, uhen 
gradually added to a recently prepared solution of nitroethane in an equivalent quan- 
tity of aqueous potash as long as a precipitate is formed, immediately throws down 
the azonitroethyl-phenyl. 

This azo-compound is thus obtained, according to the concentration of the solu- 
tions used, either as a quickly^.solidifying oil. or at once in yellow flocks, which, by 
crystallisation from boiling alcohol, are converted into golden-yellow laminic, very 
much like chloranil. It dyes silk a pure and deep golden-yellow. _ When not quite 
pure it is unstable, the crystals, after a few weeks, suddenly becoming resinisod, and 
giving off red vapours. 

Aj^nitroethyl-phenyl is a well -characterised acid, forming salts containing 2 atoms 
of univalent metal. j^taasium aalt, C‘'HV*0*K*+ 4n*t>, obtained by tnturating 
the substance wdth alcoholic potash and washing the resulting crystalline mass, first 
with alcohol, then with ether, forms orange-yellow^, laminae. The sodium aalt^ 
C"H^N*0*Na*-t* 7H*0, is prepared in like manner and exhibits similar characters. 
The zinc salt, C*H'N*0*Zn is obtained as a chromo-yellow precipitate on 

mixing the aqueous solution of the potassium salt with zinc chloride. Lead ealte, 
probably of variable composition, are obtained, sometimes as brownish-yellow, some- 
times as brick-red precipitates. The brick-rtxi salt is basic, and has the composition 
C*H'N»0*Pb.PbO + 24jr.»0. 

The stiver salt is a red-bix^sm precipitate which easily turns black and decomTOses. 
All these salts, when decomposed by hydrochloric acid, give up the azonitrootbyl-pnenyi 
in its original state. 

The apparent bibasicity this compound is remarkable, inasmuch as the formula 

CH*~ c^so* 

\N=N— C»H* 


shouhi contain only one atom of hydrogen replaceable by metals, namely, that which is 
contained in the group CH(NO*)N*; and in fiict, the corresponding pseudopropyl 
compound : 

,, /N=:N— C*J1* 
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in which tiic eorreeponding hydrogen atom ia xeplaeed by methyl, poBseseea no acid 
ptopertios whatever (soe below). , , , , , . ia 

Kegarding. therefore, azonitro ethyl-phenyl as a monobasic acid, the salts above de- 
icribed mnst be looked upon as basic salU, thus : 


Potassium salt 
Sodium salt 
Zinc salt 
Lead salt 


C*H*N»0*K.K0H + 
C»H"N«0«Na.NaOn + 6H*0 
0*H*N*0*— Zn— OH + 2H"0 
C*H«N»0*— Pb— OH + liH*0. 


Azonitroethyl-pheuyl, boiled with fuming hydrochloric acid, gives off a third of its 
nitrogen as gas, and yields a colourless base, the hydrochloride of which is extremely 
soluble in water and alcohol, and has a tendency to resinise, so that its exact compo- 
sition ia not easily ascertained; Ks analysis, however, indicates the formula 
C-H'^N^O^Cl. 

Azonitroethyl-phenyl is reduced by tin and hydrochloric acid, but the product of 
the reaction is mixed with that resulting from the action of the hydrochloric acid 
alone. 

Bromine forms with azonitroethyl -phenyl a well-crystallised compound which de- 
composes very early, with formation of bromobenzene. 


A.ZOMrZT&oaTSTXr-P.AAikTOXiYXi, C^H^NO-— N=:rN— C*HVCH*), (Bar- 
bieri, Deut. Chem. Gcs. JSer. ix. 386). This body is obtained by the action diazo- 
paratolyl nitrate on nitroetharie. It forms fine orango-roft prisms, having a peculiar 
steely lustre, and meUing at 133°. In other respects, it closely resembles azonitro- 
ethylphenyl. It dissolves in alkalis, forming deep-red salts. An aqueous solution of 
the sodium salt gives coloured precipitates (yellow to rod) with mercury, silver, lead, 
copper, and zinc salts. 

Aeonittoethrflorthoiolyi is obtained like the foregoing substance, which it re- 
sembles lin properties. It crystallises in orange needles which melt at 87°-88°. 


AZOmnnROMXITBn-PBlISnrZg CH“(N02).N2.C«H», is obtained like the 
ethyl -compound, but to avoid the formation of resinous bodies, the solutions must bo 
very dilute. The compound soparatos as a ciierry-red oil, wdiich soon solidifies. It 
crystallises from alcohol in fine rc<l needles having!* a brilliant silky lustre, and from 
carbon sulphide iu prisms resembling chromic trioxid^. At 163° it molts anil de- 
composes, and when more strongly heafbd it deflagrates. In concentrated sulphuric 
acid it dissolves with intonso purple colour; water reprecipitates the unaltered 
compound. 

it is more stable than the ethyl-com|>ouiul, being decomposed by hydrochloric acid 
only after prolonged boiling. The prwiuct is a compound which, by evaporation and 
rocrystallisation, is obtained in long white spieular crysbils having a silky lustre 
(Friosc, l)cut. Chcfit. G'm. Her, viii. 1080). * 

A.ZOirXTROPSSirSOPROPn-PKBXmi, C(CH«)3(N0^).N>.C«H», formed 
by adding an aqueous solution of diazobonzene nitmto to a recently prepared solution 
of psoudonitropropano in polash-loy, separates as a yellow oil W'hich does not solidify. 
It is hcnvier^thiiii water, ^oos not volatilise either alone or with vapour of water, and 
is quite insoluble in alkalis (Meyer a. AmbuJil. J)mt. Chem, Ges. Her. viii. 1076). 

AZOPHlWIWr, (Kimich, I)etU. Chem. Her. viii. 1026). This 

coni|wiiud is formed, together trith other products, by the action of nitrosophenol on 
aniline ; ^ 

2C*llXKO)OH + 4(G«I1».NIP) ^ mV + 3H»0 + C”H»N»0. 

I^itroBOphenol, mixed with excess of aniline acetate, sets in a few days, or if wanned 
on tlie water-bath, in half-aii-hour, into a black crystalline mMs, from which, after 
wasliiiig with w^ator, dilute ammonia oxtracts oxyazobsnzene, leaving a residue con- 
taining azophenin ; aud on exhausting tills residue with alcohol, washing it with a 
little benzene, and then crystallising it repeatedly from toluene and xylene, azophenin 
is obtaineil in red scales, insoluble in alcohol, ether, nnc^lkalis, melting at 224°, ami 
decomposing at a higher temporatuiv, with formation several products not yet 
examined. By tin and hydrochloric acid it is reduced to a yellow crystallisable base. 

Azophenin is also produced, together with a large quantity of viscid substances, 
by the action of nitros^imethyl-aniline on aniline acetate. 

A compound, homologous with azopheniu, is formed by the action of 

nitrosophenol on paratohiidiuc. It forms red scales melting .-it 249°- 260°, and closely 
resembling the aniline compound. Its behavioiir when heated is, however, quits dif- 
ferent, for it does not yield a crystalline subliuiate, and no definite cuUipuuiid can 
bo extracted from the residue. • • 
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AZOraaWTXiSirB. C**H«N* - C*H*=N— N=C«a* (Claus, Deut. CW Ota, 
Ber. viii. S7, 600), ctfmpouad is most conveniently obtained from the brown 

product of the dry distillation of calcium azobensoate. On dissolving this substanco 
in alcohol saturated with ammonia, and passing sulphuretted hydrogen into the solu- 
tion, nearly pure hydrazophenylene is precipitated, which, by sublimation, yields per- 
fectly pure azophenylene. 

Azophenylene is not formed from** azobenzene by passing the latter through rod- 
hot tubes, however the conditions of the experiment may be varied. At a high tem- 
perature, the products of the decomposition are free from nitrogen, and consist of 
diphenyl, anthracene, and chrysene. Diniirophenyl does not yield azopheuylene, 
either when treated with alcoholic potash or hoated with zinc-dust, neither is 
azophenylene obtained from benzidine by oxidation with permanganate or with 
chromic acid. • • 

Pur© azophenylene melts at 171°, boils at a temperature above 360°, and does not 
fomf a sulphonic acid, as previously stated by Claus. 

A^rophenylene dichlorid^y C**H®N*CP, is obtained in red crystals by passing diy 
chlorine into a solution of azophenylene in absolute alcohol. It is very unstable, 
being easily resolved into its constituents. 

Azophenylene hydriodide, is prepared by heating the two compounds 

together for several days to 120®. It crystallises in dark-groeu noodles, and is dc- 
compo^ by water. 

Azophenyletie hydrobrtAHidet C‘“H*N*HBr, is obtained by uvaporating a solution of 
azophenylene in concentrated hydrobromie acid. It forms brown cryst^. 

Azophenylene hydrochloride^ C**H*N*HC1, is eosiljr formed by boiling azophenylene 
with hydrochloric acid. It crystallises in rhombic prisms or plates. It is de- 
composed by wator, and on adding platinic chloride to its solution in hydrochloric 
acid, small ^Iden-yollow needles of (C**II"N*HCl)fPtCM arc precipitated. It also 
combines with nuric chloride, forming a yellow precipitate, C**H*N*HC1. AuCl*. On 
adding mercuric chloride to a hot solution of azophenylene in hydrochloric acid, the 
compound (C’*H"N*HCl)*HgOr'* separates on cooling ip brownish crystals. 

Nitrate of azophenylene has not been obtained ; Imt by dissolving azophenylene 
in hot nitric acid, and adding rnc 'cuTic nitrate^ ruby-red crystals are obtaimHl, having 
the.com position By the action of hydrogen sulphide on the solu-« 

tiou of this compound, a dark -green precipitate is formed, containing mercury in com- 
bi nation with hy<lrazophenylcne. The corresponding com'j^nd^ C*“H*N“(>lgN O*)'-', 
is a heavy yellow precipitate, crystallising from hot nitric acid in gohlcn-yellow plates, 
which deflagrate when hoated. 

Mononiir€Lzophenylene^ C**H'(NO*)N*, is formed by dissolving azophenylene in a 
mixture of fuming sulphuric and nitric acids, and boiling the mixture for eight 
hours ; the addition of water precipitates tJio pure nitro-compouzid in slender greenish - 
yellow needles, which melt at 209° to 210®, ami sublime Avitbout decomposition at a 
higher temperature. It is reduced by sulphuretted hydrogen in ammoniacal solution, 
finally yielding a red product, probably amidazophenylrnc. The action of fuming 
nitric acid on azophenylene in f*Jcoholic solution yields a mixture of sulwtiincos, in 
which there appears to exist a dinilrazopheii^lene, meltiug at 131°. 

THchlerazophenylcnc, The actitm of phosphorus pontachloride on 

azophenylene gives rise to a number of products, pae of which, melting at 144°, 
appears to have this composition. 

ASOTOXtimrE. .Sue^OLUKxn. • 

AZimXTB. Sec CARB 02 «aTus or Corrhit. 
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BABXarOTOiriTB. ThiB mineral has been found among^ the slag in the 
manufacture of Bessemer steel, forming small greenish-black crystals, of sp. gr* 
and hardness 6. 

Its composition (compare 2nd Supp^, 122) was found to be — 

BIO, Fe*0*. Mn*0*. FeO. MnO. CaO. MgO. 

48*895 5-338 10*908 29*486 2 386 1*807 1*431 « 100*^0 

leading to the formula : — 

l2FeSiO») 

MnSiO* Fo=(SiO’y» 

OaSiO* '2Mn-(Si03)» 

MgSiO’j 

For the estimation of ferrous in presence of ferric oxicb, the mineral was Recom- 
posed by hydrofluoric acid in an atmosphere of ciirbou dioxide, and titrated with 
potassium permanganate. The manganous oxide, in presence of manganic oxide, was 
determined by dissolving the whole in ammonium chloride, and precipitating the 
manganic oxide by ammonia, which does not precipitate pure manganous oxide 
from such a solution (II, Klemm, Chem. Centr. 1874, 215). 

BOO« Bamhusaarundinacea . — The ash of bamboo- stems has been analysed 
by Hammerbacher i^JAebiy's Annalcn^ clxxvi. 87), with the following results *. — 

Ftsrric 

BIO*. CaO. MgO. IW). Na»0. Cl. BO*. Fhospbatc. 

28*264 4*481 6*689 34-217 12*765 r 2*002 10*705 0*037 = 99-100, 

The ash is rich in silica and alkalis, poor in alkaline .earths. Tlio proportion of 
alkalis is about the same as the ashes ofiordinary woods. 

BBirCOirb lanrrs. See AnRuarras (p. 64). 

BikPBZik. An investigation of the educts from bar wood {Baphia nitidd) was 
made by the late Dr. Thomas Anderson {Cheni. 8oo. J. 1876, ii. 583). To obtain 
them, the wood, after being torn to a lino dust, is placed in a digesting apparatus, 
and exhausted thoroughly with anhydrous * methylated^ ether free from alcohol. 
The liquid which traverses the wood gradually diminishes in colour as the extraction 
proceeds, until, from having been strongly red, it becomes almost (though never 
quite) colourles.s. This liquid is heated in the water-hath, to drive off the greater 
part of 'the other. The residue, left to itself for a short time in a cool place, may 
deposit a sniv-iU quantity of bap hie ai\'id, in the form of platy crystals. These are 
separated, from the mother-liquid, in which* they ere quite insoluble; the latter is 
evaporated so as to drive off the greater part of the ether, and then mixed with 
alc^ol. After au iniiu-val vai^ug from one to several days, a crystalline magma 
forms, consisting of baphitn, contaminated with a soljd rod colouring matter, and 
containing also semo dark and viscous tinftorial substance which has not been 
examined. 

The wood, thoroxighly freed from other by evaporation, is next exhausted with 
alcohol, and the alcoholic liquid is distilled nearly to dryness and left at rest, where- 
upon it solidifies after long standing, to a semicrystallinf mass, ''containing (as in the 
case of the ethereal extract) a viscous colouring matter of a deep-red colour. The mass, 
on exposure to air, dries up, with fission, to a granular powder. Its crystalline con- 
stituent has not been examined. Y 

The use of other solvents than thoss above mentioned satisfactory. Benzene 

and carbon disulphide, at about 100^, have the advantage of dissolving scarcely a 
trace of the colouring matters, but, on the other hand, the disadvantage of extracting 
only a very trifling quantity of the colourless ingredient, baphiin. Any baphic acid 
that may be present, is, lioworor, removed by the hot benzene with tolerable 
Ability. ^ 

Baphiin^ nO^H'*0^ obtained, as above mentioned, from the ethereal extract of 
the wood, and purified by repeated crystallisation from strong spirit, is a colourless 
zabstance having an odour of orris root. • It crystallises ftom alcohol in plates of 
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eoneiderable lustre, from etber, by rapid 6?aporation, in tnfts of needles. It is bitt 
sparingly soluble in. benzene and in carbon disulphide ; insoluble in water. 
When allowed to crystallise from its solution in alcohol on a finely dirided surface in 
presence of air, it rapidly oxidises, producing colours which vary from yellowish-red 
to light purple. When hea^ it melts partly below 200*^. partly at a higher tempe- 
rature, indicating decomposition. Dried at 100° it yields by analysis (mean 66*40 
per cent, carbon and 4*9 hydpogen)f the formula requiring 66*05 C. and 

4*59 H. 

An alcoholic solution of baphiin, mixed with alcoholic load acetate, forms a white 
precipitate of lead bap hate, which turns brown in drying, probably oxidation ; 
and the alcoholic filtrate, mixed with water, yields a ciystaUine precipitate of 
baphinitin. With dilute aqueous potash at the boiling heat, baphiiu reacts in the 
same manner as with alcoholic lead acetate ^ with strong potash-ley other products 
are formed {infra), “ 

■The resolution of baphiin into buphic acid and l^phiuitin is analogous to that of 
athamantin into valeric acid and oreoselono (iv. 216). 

Baphic Acidf C**H^O* or prepared by boiling baphiin with aqueous 

potash, filtering and adding hydrochloric acid, is preoipita^ as a yellowish-white 
powder, and may be purified by placing it on the filter (without washing), drying in 
the air, extraction with anhydrous other, evaporation of the ethereal solution, and re- 
peated crystallisation. It then forms white nacreous scales very soluble in alcohol, 
still ftiore in ether, insolrible in water. Its alcoholic solution instantly precipitates 
metallic silver from the nitrate. 

Baphinitin^ is the chief product obtained by boiling bapbiin with 

aqueous potash ; it is also found in the mother-liquor remaining after the precipita- 
tion of lead baphato from a mixture of the alcoholic solutions of baphiin and lead 
acetate. It is wliite, smellB like baphiin, but more strongly ; is insoluble in water, 
but dissolves with moderate facility in alcohol and ether ; and crystallises in needles. 
Treated with strong sulphuric acid, and afterwards with water and barium carbonate, 
it forms a solution from wiiich sulpliuric acid precipitates barium sulphate, the 
mother-liquor yielding on evaporation a deliquescent barium salt. 

B aphinitone^ — Whc%i baphiin isboihd with strong aqueous potash, air 

being excluded as much possible during tliu operation, there is lell unai8Bolv<^ a 
mixture of three substances (1) baphinitin, which dissolves in alcohol and eth6f 
with raodorato ease ; (2) baphiiiitone, which is very easily soluble in those liquids ; 
and (3) a small quantity of an unexamiiicxi body, fusible at 164T° (corr,), very 
sparingly soluble in alcohol, oven when hot, and separating therofixini in granular 
crystals. Baphinitono is prepared l^y trcatiiifj the portion of baphiin insoluble in 
aqueous potash with cold alcohol, which readily dissolves the baphinitono, and but 
little baphinitin. The sotutiou is evaporuted and the treatment repeated, till the 
cj^stals thus obtained, after drying over sulphuric acid, melt at or near 88°. Baphi- 
nitone crystallises from alcohol in hemispherical masses, composed of radiating ci'^s- 
tals, beautifully white and lustrous, insoluble in water. It gave by analysis 7 i O'* 
per cent. C. and 6*36 H., the formula requiring 71*89 C. and 6*99 If. 

Tribromobapkinitonef is obtained by trpatii^ an ethereal solution of 

baphinitono with an ethereal solution of bromine, and remains on evajporating off the 
ether, as a white substance, which may be purified by washing with alcohol or ether, 
in both of which it is almost insoluble. It soparatDs from a hot ethereal solution in 
small granules, melting with sudden blackening, at 180*2° (corr.) 

Baphiin, baphinitono, aftd the subs^nce least soluble in alco)iol which occurs with 
the latter, are all coloured orange-yellow by sulphuric acid ; with nitric acid an 
orange-red is obtained, changing to green. 

The molecular formulae of these bodies arc somowliat complex, and not easy to 
determine. Takidg, however, that of baphinitone to >>o precisely doterminocl, a 
C®®*^ formula may with great probability be assumed for all those bodies, as in the 
following series : — 

Baphiin . . . . , . . . 

Baphic acid [O'?) 

Baphinitin C*®H*^0® 

Baphinitone ........ 0*®H**O® 

Colouring Matter ». — Banrood contains at least three colouring matters. Kthey 
dissolves out two of these ; one (A) which is lees soluble, and obstinately adheres to 
the baphiin, and another more soluble (B), which is easUyflpt rid of. After the 
extraction with ether js complete, idcohol dmeolTes a third (C)u All are insoluble in 
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bet)z«n6 ; all give purple lakes 'with lead acetate, and purple colorations with 
alkalis. ... * 

(A.) The solubility of this botly in ether diminishes after exposure to air. It 
ma^ be purified from baphiin ty boiling with benzene, in which the latter dissolyes. 
It IS a OTight red powder. 

(B.) Crystalline ; djssolyes earily in boiling alcohol. A strong solution cuts off 
the blue, and nearly all the green of the spectAm — the blue first. The same solu- 
tion, mixed with hydrochloric acid, becomes darker, transmits the blue faintly, and 
very much obscures the green ; the yellow and red are transmitted. The solution, 
after the addition of the acid, becomes deep-pink on mixing with ammonia or potash ; 
the green and blue are much obscured, while the red is left, and the yellow is cut off, 
and replaced by a black band. 

(C.) The green is more absorbed b^athis colour in alcqjiolic solution than by (A). 
When the solution is moderately strong, a black band appears in the yellow. When 
hydrochloric acid is added, the green is more obscured, and the yellow is «till 
decidedly effaced, notwithstanding the dilution ; the blue is nearly removed ; the red 
remains. When ammonia is added to the solution after the action of hydrochloric 
acid, the colour becomes deep-purple ; the red ray is transmitted, the yellow is 
efiacod, the green scarcely visible. C acts on the green and yellow more than A 

The results above detailed do not corroborate the statement sometimes made, 
that the 'colouring matter’ of barwood is identical with santonin. 

BARXVnf. Occurrence in Nile Mud and in Kgypthar^ Wheat. — Knop has^found 
0*021 and 0 017 per cent, of barium carbonate in Nile mnd from Minich and Achmin 
respectively {Laudw. Versuchs.^St, xvii. 66). The occurrence of barium in this deposit 
has been confirmed by H. Dworzack 398), who has also found it in the ash of 

wheat grown thoroon. The leaves wore found to contain a larger proportion than the 
stem, in which respect the distribution of barium in this wheat is analogous to that 
of calcium iu the generality of plant.s. 

In Furnace duet. — The presence of barium has been demonstrated lx)th by the 
spectroscope and by chemical ana^sis in the dust of t he Silesian ssinc furnaces (Schwarz, 
DingL pol. J, ccxviii. 219). 

Prcjwirj7«<m.— Metallic barium maybe prepared ^Jjy decomposing the iodide with 
sodium, dissolving out the reduced metal witli mercury, anck distilling off the mercuyy. 
The reaction between tlio barium iodide and the sodium is attended wnth incandescence 
(Korn, Ckem. News, xxxi, 243). 

Sejparation from Strontium and Calcium. — According to Kammerer {Tkitschr. anal. 
Chem. xii. 376) the host method for the Qualitative separation of barium from strontium 
and calcium as barium chromate is to aissolve the carbonates, obtain e<l by precipita- 
tion with ammonium carbonate, in acetic acid, and then add potassium chromate. The 
presence o£ ammouia salts is to bo avoided, os they increttse the solubility of barium 
chromate. 

From analyses by Fr. Frorichs {Deut. Chem. Gea. Ber. vii. 800) it appears that 
this method may also be applied to the quantitative separation and estimation of 
barium, in presence of calcium, strontium, <xr magnesium. 

Volatility ed High Tempetaturea. — WhtYi anhydrous baryta is intensely heated in 
a wtnd-furuaco in contact with aluminium in tfie form of ingot or in filings, a portion 
of it (1*97 and 1*76 per cent, in^wo experiments) is volatilised and is found, partly 
mixed with the moUdlic aluminium, as alumiiiato or oxide, partly in the remains of 
the anhydrous baryta, partly iu the crucible and its oover.^ The reduction and volat- 
ilisation of the uietids are further dcmonstrat«d by observing with the spectroscope 
the carbon monoxide fiauie of Uio furnace (boated with the hard carbon deposit from 
coal-gas retorts), Htroiitiura and calcium may bo volatilised in the same way (J.W. 
Mallett, Chem. Soo. Jour. 1876, ii. 354). v 

Bariutn Hydrate. —On the economical propanition of the hydrates of barium, 
potassium, and Wlium from tlio corresponding sulphides, see Tessie du Mothay {DingL 
pol. J. cevi. 333 ; Chrm. Soo Jour. [2], xi. 414). 

Beactiona with Carbon Disulphide. — Baryta- water agitatiA,with carbon disulphide 
yields a basic sulphocurlxmatc, BaOiS*.21^H’0’^-t- 6H®0, soluble in alcohol and in 
carbon disulphide, slightly soluble in cold water, and decomposed by acids, with 
liberation of sulpbocarbonic iwid, in oily drops (D. Walker, Chenu Aktos, xxx, 

28). 

Peroxide. — According to G. Schone {Deut. Chem. Gee. Ber. tL 1172) hydrated 
larium peroxide, prepared according to the original method of Th4nard, has the 
composition BaO».8H*0, and forms microscopic crystals, belonging to the quadratic 
system, usually exhibiting tlie combination^ co P.OP, sometimes tabular from pre- 



BARLBT. 148 

dominance of OP, and having the prismatio edges tnmoatad by oo P «». The hydrated 
dioxides of calcium and strontium are isomorpnous with it. 

Bammels^rg showed in 1869 (Deut, Ges, ifer. ii. 147) that the product 

obtained by ignition of barium nitrate contains more oxygen than the monoxide ; and 
by further experiments {ibid, vii 542) he finds that the grey porous mass contains, on 
the average, 86*4 per cent, barium, agreeing nearly with the formula Ba*0^, or 
2BaO.BaO^, which requires 86*5 per ceit. 

The oxygen in this and similar bodies cannot be estimated by the iodomotrie 
method, as on heating them, even with strong hydrochloric acid, only a small quantity 
of chlorine is evolved, not more than sufficient to impart a yellow colour to a solution 
of potassium iodide. The estimation maiy, however, be effected, as shown by Aschoff 
{J. pr. ChcTii. Ixxxi. 401), by means of potassium permanganate, which, in contact with 
is resolved into MnO gnd free oxygon, in«such a manner that the two compounds 
yield equal quantities of oxygen. 

Barium dioxide, BsO*, contains by calculation 81*06 per cent. Ba and 18 '94 O. 
A preparation containing 78*9 per cent, barium was found Ijv the preceding methotl 
to approach more nearly in composition to Ba*0^ than to BnO®. 

r (Fr. Orfffy Ger. Gerste). The various species of cultivated barley are 

distinguished as two-rowed, four-rowed, and six-rowea, according to the number of 
fertile spikelets. The first and last of these spocics tire the most characteristic, the 
six an^ the four-rowed being nearly rfbitod. Hordeum disHchum (two-rowed barley) 
includes the finest varitiA of English barley. //. hejcastichum (six-rowed barley) 
includes the * here * or * big * of Scotland, which is also four-rowed, and several varieties 
largely grown in the north of Europe. The H. vul^are of Linnmus is a four-rowed 
barley. Varieties of each of these species occur, in which the chaff separates readily 
from the grain, as in wheat ; these are known us naked barley, H. cedette, Himmets- 
ger ate, ficc. Naked barley possesses as high a weight per bushel as wheat. 

The composition of barley, like that of oats, exhibits a wide range of variation, 
which is largely duo to the varying thickness of the adhering chaff. The finer 
qualities, having the plumpest grain and thinnest chaff, are those used for preparing 
pearl-barley, and for malting; the inferior qualities, ^^und us meal, serve as food 
for pigs and cattle. • 

The following table shows thb general porcentiigo c^iinposition of barley gniiu and 
Btri^', with the extent of variation observed, de<lucod from a compilation of alt accessible • 
analyses. The single analysis of btire is by Anderson ; that of naked barley by 
Lojeunc, from a sample grown in Algeria ; the analysis of barley chaff is quoted from 
Wolff. 



Nmnbcr 

of 

enalyscf 

Water 

Albiiml. 

nolils 

rat 

Carbo- 

hydrates 

Fibre 

< 

Ash 

Barley, mean composition . 

66 

14*05 

10*68 

2-06 

63 66 

709 

2*67 

,, highest percentages 

— 

18 96 

16*72 

2*60 

71*49 

13*49 

4*70 

,, lowest percentages. 

— 

11*66 

6-91 

1*41 

54*40 

,2*31 

2*06 

Here ..... 

1 

14*22 

10 25 

62-85 

10*08 

2*60 

Naked barley , 

1 

1077 

8 76 

1*81 

74*70 

2*03 

1*03 

Barley chaff 


14*30 

3*00 

1 60 

38*20 

3000 

13*0 

Barley straw, mean comp. . 

13 

16*00 

3-06 

1*57 

82*49 

41*84 

604 

„ highest percentages^' 

— 

17*50 

5*37 

1-99 

39*89 

66*54 

6*10 

„ lowest percentages . 

— 1 

9-66 

1*05 

1*17 

8 21 

36 iV2 

4*93 


The greater panf of the nitrogen in ripe barley straw is contained, according to 
C. Schneider, in the leaf and leaf-sheuth ; the empty car is also comparatively rich in 
nitrogen. In the true stem ho found but O' 14 per cent, of nitrogen in the dry 
substance. 4 

Barley grain oontaimMoh an average less than either wheat or oats ; the 

proportion is least in fine malting barley, araounting to only 8 or 9 per cent, of 
albuminoids, but is greater in the ^erior samples U8e<l for grinding into meal. The 
composition of barley-mcsal is the same as that of the barley from which it is made, 
no separation of parts being effected. 

Some light is thrown on the arrangement of the constituents in barley grain by 
analyses of the various prc^ucts obtained in making pearl-barley. In this mariufaeture 
the outer layers of the pain are successively removed. The first product contains the 
bulk of the chaff, and lo known as * coarse The second pmdnct consists of a 
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little chaff, and the layer immediately beneath it; it is known as ‘fine dnst.* The 
grain thus denuded of chaff is termed Scotch or pot-barjey. By a third treatment in 
the mill, pearl-barley of various qualities is produced, the quality being higher in pro- 
portion as the grinding is carried further. The matter remoyed at this period of the 
grinding is known as ‘ pearl dust/ One hundred parts of good barley yield on an 
ayerago 12J of coarse dust, 14J of fine dnst, 25f of pearl dust, and 37| of pearl- 
barley, the remainder being lost in grinding. IThe following analyses of the various 
products were made by Professor Church upon samples from the mills of Messrs. 
Hays, Leith : — 



Coarse dust 

Water .... 

1418 • 

Albuminoids 

6*97 

Fat ... . 

1*70 

Carbo-hydrates . 

46*88 

Fibre .... 

24*67 

Ash .... 

6*70 


Fine dust 

Pearl dust 

Pearl Barley 

13*05 

• 13*33 

14*67 

17-68 

12*11 

7-32 

6*00 

3*44 

llff 

60*64 

1 67*18 

76*21 

8*63 

1-83 

•60 

4*30 

2*16 

1*06 


It is evident that the layer immediately below the chaff is extremely rich both 
in albuminoids and fat, and that tho proportion of these constituents dii&inishes 
rapidly towards the centre of tho grain, which contains a much larger proportion of 
starch. The ash follows tho same order, and diminishes greatly from the exterior to 
the centre. Pearl -Iwirley evidently contains only a very small proportion of albumi- 
noids ; in a second sample Church found only 6*22 per cent.* 

The embryo of barley grain is singularly rich in albuminoids and fat. Haberland 
found in the dry germ of naked barley 22*42 per cent, of fat, and Lenz, in similar 
germs, 5*0 per cent, of nitrogen. 

Tho nature of the albuminoids in barley grain has been investigated by Kreusler ; 
he finds them to be a mixture of gluten-casein, gluten -fibrin, mucodiu, and albumin, 
tho last being comparatively small in quantity. Gliadin is apparently not present 
(pie Eiweieskbrper der Getreidearten, 104). 

[For tho percentage composition of the fat of barley, see 27 ^ Suppl. 607.] ». 

The carbo-hydrates of barley grain are at present under investigation. Kuhne- 
mann (JDeut. Cfiem. Gee. j7^r. viii. 389 ; ix. 1 385) states that they include a Isevorutatoiy 
body, sparingly soluble in hot water, and separating as a turbidity on cooling ; it 
resembles dextrin when dry. To this body ho has given tho name sinistrin. Ho 
also finds in barley a crystallisable, dextrorotatory sugar, not capable of reducing 
copper, agreeing, therefore, with sucrose in its properties. As chemists have generally 
employed a copper solution to determine the sugar in grain, the quantitative results 
hitherto published ore of little value. Kuhnemann finds no dextrin in barley grain. 
The hordoin of earlier chemists is undoubtedly a mixture. 

The following table shows tho percentage comnosition of the ash of barley — sand, 
and charcoal, and carbonic acid, if present, being deducted. The mean composition of 
the ash of bufley grain is oalculated froai the 60 analyses quoted by E. Wolff 
Analysen^ 17), with the addition of 1 by Lenz, and 10 unpublished analyses by B. 
Bichtor. The analyses of the ush of coarse and fine dust are by Anderson. Two of 
those of naked barley are by Bibra and 1 by Schulze. The analyses of straw ash are 
the 21 quoted by Wolff, with 8 unpublished analyses bv R. Bicbter. The analysis of 
tlie awn is by Way, The analyses of the entire plant ’are 1 by Schevon, and 6 by 
Wolff. 

• The total albamlnolM^ pniaent In vegetable products is commonly ascertained by multiplying 
the nitrogen found by S 'jji ; Hitthausen, however, points out (/>f« EiveUi^^hrper der Oetreidearten^ 
3S6) that recent investigations into the composition of vegetable albuminoTds would rather lead to 
the factor 6*00 being employed ; the numben given above should, therefore, possibly be reduced to 
the extent indicated. Another point to be borne in mind is that a part of the nitrogen exists In otiier 
forms than albuminoids, and that the latter an on this account al^^ys reckoned too high. Church, 
by his oarbolio method, found that 7*6 per cent, of the total nitrogen a^the pearl barley last mentioned 
did not exist as a1bumino)d!«. * 
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1 

Num 

beroi 

anal- 

yses 

: Pur 
^ash in 
dry 

^1 

K^O 

jxaH) 

/caO 

jitgO 

Il'eV 

/ 

.. p»Q, 

( _ 

/ W>> 

L72 

/ao» 



Barley grain, moan . 

61 

2*67 

21 Is 

2*25 

2*74 

8*66 

oijssio 


26*10 

*88 


highest percentages 


3*09 

32*20 

6*00 

4-35 

12*73 

2*93i42*56 

3*50 

36-73 

6*24 


lowest percentages . 


1*90 

11*39 

none 

1*21 

5*00 

nonoj26-01 

noiu 

17*27 

none 


Coarse dust 

1 

6*63 

16 81 

1*40 

3*71 

6*27 

1*69118 45 

1-92 

48*73 

1*25 


Fine dust . 

1 

2-32 

28*64 

1*09 

2*39 

12 05 

l*42l50T5 

•or> 

2*81 

none 


Naked barley . 

3 

2*13 

28*47 

1*84 

3 13 

12 00 

1*94 

I 47 09 

2*89 

3 64 

none] 

Barley straw, mean . 

29 . 

4*86 

21*66 

4-24 

•8*60 

2*48 

•82 

4*40 

4*00 

61*49 

821; 

highest })ercent-ages 


7*42 

44*40 

13*42 

13*10 

6*70 

2*91 

7 2( 

8*01 

68*50 

I6*3l| 

Iciest perccntagi-.s . 


2*97 

10*76 

103 

6*34 

1 31 1 

lone 

1*S‘ 

•80 

32*11 

nono> 

Awn 

1 

13*9f> 

7*86 

-96 

10 57 

1*29 

1-49 

2 03 

3*05 

72*20 

•68 

Entire ripe plant 

6 

6*78 

18*71 

1*23 

4*29 

2*80 

*51 

10*74 

2*65 

57*25 

2*48^ 


Tlio ash of l»iirk-y graiu differs from tliat of wheut chiefly l)y rcitsoii of tho 
large amount of silica contained in tho adhering chaff; tho ashes of naked barley and 
of wheat arc quite simil’ir composition. In rospoct of its proportion of silica^ barley 
holds an intermetliato position betwooii wheat and oats. Tlie ash aunlyseM of cimrso 
and fine dust (tho latter possibly pearl dust) illustrate tho diffcronco in composition 
between tho exterior and inner layers of tho grain ; tho former is rich in silica, and 
contains a larger proportion of lime than the latter. iSilica ami lime are commonly 
associated in tho vegetjible world as the Incrusting mattors of extoriml surfaces. The 
awns attached to barley grain are seen to contain a largo proportion of ash, nearly 
throo quarters of which is silica, lime being tho next prejionilorating constituont. 

Tho ash of barlc^y strjiw contains more potash, rather more lime, and much loss 
fcilica tlian tho ash of wheat straw. Tho ashes of barley and oat straw aro qxiite similar 
in composition. ^ 

It must bo recollected that is ashes containing much silica, as those of barley 
graip and straw, tho chlorine is liable to bo uiulor-ostiinatei], being ozpellod ))>' the 
silica when tho temperaturo of inciiiemtioti has been high. Scheven found con- 
siderably more chlorine in the sap than ho obtained by incinoraiing the entfro 
barley plant. The sulphuric acid in tho ash also bears no constant relation to 
that in tho original plant. Tho total sulphur present in barley has boon determinod 
by various chemists with very tliffi-renf results, probably depending ou tho method 
employed. Sorby, by boiling tho fresh substance in strong nitric acid, obtained 
0 010 anti 0*000 per cent, of sslphur in two specimens of dry barley grain ; and 0*191 
and 0 :i90 per cent, in dr>' barlej* straw. Way, by solution in strong nitric acid, 
neutralisation with soda, and incineration, obtained 0*74 -3 63 per ceut. of sulphur 
(inuan 1*08), in various spex^imens of air-dry barley grain ; and 0 04- 1*56 (mean 1*07) in 
barley straw. K. Wolff found O'lOper cent, of sulphur in dry grain, and 0*10 l>er cent, 
in dry straw. - o: 

The diflbrenco between tho Tnaximum and minimum proportions of each ash con- 
stituent, a.s shown in the table, is far greater than would occur in barley under ordinary 
culture ; the ashes which chemists have analyswi have, indeed, frequently boon 
olttaine<l fi*oni expcriniontal field crop.s grown under cxaggeralt^l conditions of manur- 
ing. Tlie influence of mangos on the, composition of barley v>ill be considered 
presently. 

The choraicul life-history of barley, as sho-wn by its composition in various stages 
of growth, has >>een investigated by Fittbogen {2nd Suppl. Iii3), whoso oxpenments 
were conducted in potK ; andiAleo by Scheven U,w. (Jhem, Jxviii, 193), and K. Wolff 
(Mift/i. aus liohenhctm, 1860, 221, 230), both oi whom operated ou ordinary field crops. 
Tho following is u summary of Scheven’s results: — 

The experimental crop wardiarvcsted at five periods : (1 ) June 28, thirty-four fhvys 
aftersowing; the fourtli leaf l^enerally dcvelopwb (2) July 17; full bloom. (3) July 30; 

■ under leaves withered, ears beginning to fill. (4) AuiipiHt 8 ; leaves mostly withered, 
cars green. (6) August 21 ; fully ripe. Omitting the fourth period, the results of 
which are rather abnormal, the composition of tbe whole plant varied, as shown on p. 146. 

The pcrcentiige of water, albuminoids, and ash st«iadily diminishes as the plant 
matures, whilissthe carbo-hydrates as stea<lily incrcaw*. Fibre and fat (chiefly waxy 
matter) attain their greatest proportion at the time of blossom, and afterwards 
diminish. Turning now to the rate of asbimilation by the crop, as shown in its com- 
petsition per hectare, we see that but little of nitrogen and ash constituents is taken 
up after blooming, though the amount of carbonaceous matter coutinnes rapidly to 
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Peroentage composition of dry Rubstance 

• 

Kilos per hectare 


:: 1 

1 ’ 

II 

in 

V 

I 

11 

111 

. . . 

V 

Albuminoids 

Fat .... 
Carbo-hydrates , 

Fibre 

Ash . 

10- 38 
3*45 

37-69 

27*61 

11- 97 

10*02 

3-80 

40-00 

37*71 

7*49 

9-39 

2*27 

44-97 

36*71 

6*67 

^8-17 

1-34 

60*48 

33*80 

6*21 

277 

49 

536 

394 

171 

647 

195 

2005 

1890 

375 

568 

137 

2723 

2223 

404 

589 

97 

3639 

2436 

448 

Water (in fresh) 

Dry substance . 

84-25 

1575 

74-15^ 

25*85 

69*28 

30*72 

42-11 

57*89 

7833 

1427 

14377 

6012 

13656 

6055 

6243 

72^09 


increasio. A greater proportion of hydrogen and oxygen is assimilated, in relation to 
the carbon, in the latter stages of gro^vlh, starch instead of albuminoids being produced. 



Carbon 

Hydrogen 

Oxygen 

Period I. 

100 

13-4 

72*8 

11. 

100 

12-3 

84*9 

„ UI. 

100 

17-8 

165*5 

» V. 

100 

19-1 • 

156-9 


Assimilation was most active just before blooming ; in the nineteen days between 
the periods I. and II., half of the total dry matter of tlie crop was assimilated. 

Schoven examined separately the stem, loaf, and ear at the periods above mention^ : 
tho percpiitago composition of the dry matter was as follows : — 



Stem 


Loiif 



Enr 

i 


11 

in 

V 

n 

ni 

V 

TT 

n: 1 

i 

V 

AlbumiiKmU 

4*80 

4-44 

3-48 

i O'SS 

!l-99 

J>*22 

11*65 

11-93 

14*08 

Jfat . 

3-06 

1-94 

-9Ji 

5*71 

3-72 

2-98 

2-47 

1*33 

1*23 

Carbo-hydrates . 

10*48 

43-37 

31*78 

37-60 

38-72 

35-75 

48*77 

50*83 

08-33 

Fibro 

15*84 

4607 

67-25 

30-62 

36-65 

44-77 

32-52 

24-81 i 

10-99 

Ash . 

5*73 

6-18 

6-57 

10*24 

Il0*92 

1 

10*28 

I 

4-59 

6*00 

5-37 

Water (in fresh) 

75 70 

71-31 

55*49 

73*76 

66*47 

17*13 

69*11 

63-57 

32*50 

Dry matter, in) 
kilos per hectarol 

2210 

2763 

2534 

1881 ! 

1 

1252 

1237 

914 

2039 

3435 


The leaf is seen to contain far moronitrogoii, fat, and asli than tho stem. Nitrogen 
and fat diminish in both tdAjm and leaf the crtip matures, while tibro increases. A 
largo amount of the nitrogen and ash constitnonts of tho leaf pass apparently into the 
earns the grain mat.ures. Tho proportion of nitrogen, and of carbo-hydrates, increases 
in tho car during ripening, whtle the fibre diminishes ; tho changes aro thus nearly 
the revor.so of tho-Ho occurring in tho l<wif and stem. 

Tho ash t»f thoBontiro barley crop varied ia com posit iJfn during growth asfollow-s; — 


1 


In 10l> piirt^ 

" 

In per hec^re | 

1 



111 

IV 

V 

• 

I 

II 

m 

IV 

V 

Potash 

39-12 

39-10 

30*94 

22-83 

19*06 

66*9i, 

146*6 

125-0 

101*1 

94*1 

•Soda . 

1-30 

•72 

•89 

1-31 

2-20 

2*2’ 

^ 2*7 

3-6 

5*8 

10*5 , 

Limo 

8 90 

0-70 

5-91 

4-43 

3*51 

15*3 

•25-1 

21-9 

19-6 

16-8 

Mognosin . 

2-86 

2*72 

2-81 

3-30 

1*81 

4*9 

10-2 

15-4 

14 6 

8-7 1 

Ferric oxide 

•56 

•24 

•30 

•19 

•27 

1*0 

■9 

1-2 

•8 

1*4 t 

Phosphoric acid . 

12*19 

10*64 

9-85 

12*22 

11*25 

208 

39*9 

39-8 

54*1 

53 8 

Sulphuric acid , i 
Silica 

4-49 

3-62 

3-90 

3-16 

2*87 

7-7 

13*6 

16*8 

. 14*0 I 

! 13-7 ; 

28-81 

35-23 

43 94 

60*70 

67*lvH 

49*3 

132*1 

177-5 

224-5 ! 

273*3 ! 

Chlorine . . ' 

2-14 

1-43 

1-51 

2*56 

2-41 

3*6 

5-4 

6 1 

11-4 i 

1 1 

Ash in dry 

11 97 

7*49; 

6*67 

6-W 

6-21 

170-8 

375-3 

406*8 

443*4 ! 

1 

i 478-1 1 
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The of the potash .required by the plant is taken up at a very early stage ; 

indeed, after blooming, the total amount of potash in the crojp, as sliown by the second 
half of the table, seems to have considerably diminished. The assimilation of phos- 
phoric acid is more gradual, and continues to a comparatively late stage of growth. 
The ash constituent, which exhibits the greatest development in quantity, both relative 
and absolute, is silica ; it forms at loslsmore than half the total ash. 

Scheven further determined what proportion of each ash constituent existed in a 
soluble state in the fresh plant; this he did by extracting the finely divided plant 
with cold water, and then analysing the ash obtained from the extract. The silica of 
the plant proved almost insoluble in cold water. Of chlorine, more was found in the 
extract in the lost four periods of growth than in the ash of the whole plant, the ex* 
cess ranging from 27 to 87 per cent. ; the cldoridos in the ash of the whole plant 
evidently suffered loss from the action of silica at a high temperature. Omitting the 
silio^and chlorine, 88 per cent, of the other ash* constituents existed in a soluble form 
at the first stage of the experiment ; this pro}H>rtion was reduced to about 6G per 
cent, by the fourth jwiod, but rose to 7A per cent, when tiio plant was fully ripe. 
This great increase in the solubility of the ash constituent, w'hen the stem and leaves 
hod become withered and ceased to exercise any living function, is very remarkable. 
Phosphoric acid and magnesia show^ed the groiitest diminution in solubility as maturity 
advanced, but oven here the solubility rose ag;tin in the lost period. The watery 
oxtroct^ontainod much loss sulphuric acid than was found in the ash derived from it. 
Sulphur compounds were efitlently converted into sulphates during the ignition. The 
ash of the watery extract was also rich in carlK>nateB, which reached tiieir maximum 
ill the second sbige ; no carbonates were found in the ash of the whole plant, save a 
small quantity in the first period, the silica displacing the carbonic acid during 
ignition. 

The capacity of any crop for obtaining the various kinds of food which it requires 
from the soil and atmosphere, on a knowledge of which its economic treatment by the 
former depends, can be ascertained only by careful and long -con tinned exi>orimeatH in 
the field. For information on this head regunling barley wo turn t.o the experiments 
of Lawes and Gilbert at Kothainsted (Jour, Iloi/. 1878, 89, 276). Chevalier 

barley 1ms been growm continuously on' their cxperimciit^il field since 1862, the whole 
of the crop being annually removed from the land. The nvenigo produce obtained 
acre during the first twenty years on n /ow of the more characteristic plots is 
shown in tlio following table ; - 









Produce 







Weight 

of 

Matnires per acre 


OltWRCfl 

ouru 

straw 

TnUil 

produce 

Com 
to 100 
Ktraw 

per 

bunhcl 

of 

second 
10 yean* 
over or 





dreBaed 

under 







corn 

first 10 








years 



0 

1 

ewts. 

IbH. 


Ibfi. 

percent. 

No manure .... 

. 

<20 

HI 

S464 

86 0 

62:3 

-23*6 

Mixed cinereals 


27 i 

14^ 

3102 

96 4 

63*4 

- 20 2 

Ammonium salt s 200 lbs. 

. 

32 i 

l«i 

3919 

89-2 

62 1 

--9 7 

Ammonium siilts 200 lbs. with alkuli-siilts 

36 

201 1 

4317 

86-3 

62*8 

-6 3 

Ammonium salts 200 lbs.«with 
phosphate .... 

super- j 

47 

to 

6700 

86^ 

63-6 

+ 2 7 

Ammonium salts 200 lbs. with 
cincroals .... 

mixed) 

i 

461 

28^ 

6817 

83*2 

64 0 

-'3 

Rape cake (mmn 13p0 lbs.) . 


461 

26X 

6671 

87*31 

63-8 

— 

Farmyard manure, 14 tons"- . 


484 

281 

6933 

88*6 

61*3 1 

1 

:+ 14*8 

1 


The alkali-salts employed^as manure consist of the sulphates of mbassiuin, iKxlium, 
and magnesium. The mix:.Ii cinereal manure Js compost of alkali-salts and super- 
pho^hate. The ammonium salts are a mixture of equal parts sulphate and chloride. 

ifiie results quoted alxivo teach us that with barley, os with the other cereals, 
the ordinary supply of combined nitrogen from the atmosphero is cj^uite insufficient for 
vigorous growth, and that to maintain crops of average luxuriance, xutrogenous manures 
are indispensable. The atmospheric supply of carbon is, on the other hand, quite 
sufficient for the crop. We learn, ffirther, the great effect of phosphates on the 
crop, and the small effect of alkali -salts, resulting, doubtless, from fhe greater cmpacitv 
of the crop for appropriabing soil potash tban for appropriating soil pliosphoric acid. 
With wheat, alkali -.•a Its, applied with pffospTiates and ammonia, produce a much 

12 
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greater effect than with barley. Phosphatic manures fayonr the early ripening of 
barley when applied to land in fair condition. 

Barley has apparently a distinctly greater power of appropriating soil nitrogen 
than wheat ; this is shown by the greater produce of barley crops receiving no nitrugen, 
the greater return for the same quantity of nitrogen supplied in manure i^nd Suppl.^ 
780), and the greater use made by barley of th^residues loft in the soil from previous 
manuring. With barley, as with wheat, nitrates yield a somewhat better return than 
ammonium salts supplying the same quantity of nitrogen. The nitrogen of rape cake, 
existing in the lV)rm of albuminoids, is nearly equal in manurial value to the nitrogen 
of ammonia, 127 parts of nitrogen supplied as rape cake being equal in effect to 
100 supplied as ammonia, when both manures are applied with cinereals. The nitrogen 
of farm-yard inaniiro has, on the other hand, a far lowe^ value than the nitrogen of 
ammonia, dung containing about 200 ibs. of nitrogen producing a crop little larger 
than that yielded by 41 lbs. of nitrogen applied as ammonium salts, with spper- 
jihospliate. 

Barley has shorter roots than wheat or rye, hut is shr>wn by the Rotliamstod 
experimciits to have n great power of collecting food from the surface soil. This 
power, conjoined with its faculty of early ripoiiiiig, makes it an extremely valuable 
crop for many soils and climates. 

Bor the influence of manures and season n|Kin the composition of barley, we must 
refer again to the long-continued Ilothamstcd experiments.^ The following tab]/» shows 
the pegpoentage of nitrogen in dry barley grain and straw grown under different con- 
ditions of manuring in the years 1 852-67 : — 


Nltmgea in dry Nitrogen In dry straw 


Manures iier acre 


lligheatj Lowest A voragejBighest Lowest' Average] 
of six ppr- per- 1 uf six 
ceutugo <x*ntage| ye&fs [cntuge.centag-e’ years 


Cinereal m/inuros only 
Cinereals, and 200 lbs. ammonium salts 
OiiioxealB, and 400 lbs. animouium sails 
Cinereals, and 2,000 lbs. rapo cake 


1-7J 

1*41 

1-57 

•16 

1*81 

f48 

1-70 

•49 

2- 14 

1*84 

2- 00 

•c:4 

2*08 

1*76 

1*88 

*53 


The ammonium salts supplied respectively 41 lbs. and 82 lbs. of nitrogen per 
acre, the rape cake about 95 lbs. It is scon that when nitrogenous manures are 
employed, the proportion of nitrogen both in grain and straw is considerably increasetl, 
tiie effect of ammonium w\Us being e.specially marked. The percentage of n trogen 
in barley is more influenced by the amount of nitrogenous food at its disposal than is 
the case with either wheat or oats. 

The next table shows the influence of manure on the percentage of ash yielded by 
dry barley grain and straw; the results given are now published for the first time, 
by the kind permission of Messrs, Law'es and Gilbert : — 


iVn-eutoge of A«li in dry Barley Grain 


Ammonium salts 
No manure 
Mixeil cinorciils 
Cinereals and umnionium salts 
Farmyard manure 


Ilighcet 
(lorcentag'^ 
In twenty 
years 

Tjowest 
p«*reentj\ge ' 
in twenty 
years 

A verage of 
first ten 
years! 

2*48 

2*01 

, 2-S2» 

2*73 

2-39 

2-51 

2 81 

2*41 

2-62 

2*66 

227 

4 2-47 

*2*87 

2‘27 

^2-63 


I Average of ■ Average of 
second twenty 

ton yoAiN 

years | 18.'52-71 


2*19 2-25 

2-53 2-52 

2*61 2*56 

2*51 2-40 

2*67 y-65 


Percentage of Ash In dry Barley Straw 


Ammonium salts 

6*42 

3*67 

4*76 

4*67 

4*71 

No manure .... 

6*17 

4-23 

6*21 

5*18 

6*19 

Mixed cinereals 

6*96 

5*09 

6*67 

640 

6*88 

1 Cinereals aud ammonium salts . 

6*70 

4*19 

5*38 

6 71 j 

6*54 

Farmyard manure 

7*66 

4*53 

5*50 

6*18 1 

6*84 
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The percentage of ash ]p. the plant is cleiiriy in uonced l>y the extent of the sup- 
ply furnished by the soil. The plot uniformly manured wit-h ammonium salts, but 
receiving no asn constituents during twenty years, is the ono whore exhaustion oi 
cinereal matter has been greatest ; hero the "^proportion of ash is least l>ojth in corn 
and straw, and this proportion has dhuinishofl during tho exporinionl^ being less in 
the second ten years than in tho first' The plot receiving cinereal manures only, and 
that supplied with farmyanl manuro, are those in which the supply of cinereal food 
is most excessive ; hero the proportion of ash in corn and straw is at its maximum, 
and tho proportion has, in most cases, increased during tho course of the experiment. 
The quantity of ash in the straw is plainly more subject to variation than that in tlio 
grain. Tho differences due to soasoii, as shown by the difierenco between tho highest 
and lowest percentages, are greater than thojo duo to the character of tho manures 
employed. • 

^Vhon wo next turn to tho composition of tho ash, we find that it is influenced to 
some extent by the nature of tho ash coustitueuts at tho disjHisal of the crop. In 
the following tiibles. some selected analyses are given of tho ash of barley gram and 
straw, grown at Rothamste<l, in tho course of tho continuous ex]>erimeiit*s with this 
crop. Tho analyses are by K. Riebtor, and are now published by Messrs. Ijawos and 
Gilbert's kind permission ; — 


^ Percentage Com}iosiiion of tJie Ash of Barley drain variously Manured, 



1856 

1871 

AmmO' 

niuui 

BAlU 

alono 

j No 

1 manure 

2-36 

Kami yard 
manure 

Ammo. 

uluiu 

Hnlta 

aluno 

manure 

Pjvnnyani 

manure 

Pure ash in dry com 

_ . 

2-25 

‘(•48 

2-31 

2-60 

285 

Pota.sh .... 

24‘73 

2o-r>8 

23-75 

29-75 

20-52 

29-37 

.Vtxbi . . . * • 

103 

•77 

•22 

2-23 

1-32 

•40 

: liinio . 

4-35 

^3-76 

3*87 

3-40 

2 94 

228 

1 Magnesia .... 

9*09 

8*67 

875 

8-21 

7 70 

7-7S 

j Frrric oxide 

•78 

•82 J 

•85 

•36 

•50 

•31 

1 Phosphoric acid . 

3074 

40 54 

41-98 

31*75 

34-46 

36-80 

Hulphuric acid 

2-27 

2T8 

1-49 

2-26 

2-27 

1-66 

' Chlorine .... 

•04 i 

•03 

•03 

3-69 

1-73 

•31 

1 Silica . . . . ' . 

17’98 

17-57 

1007 

1918 

19-86 

21*12 


Perccfifage Composition of the Ash of Barley Birau) variously Manured. 


I’uro ash in dry straw . 

3-16 

i-29 

4-68 • 

5-42 

f*95 

7-42 

Potash .... 

11-06 

12-23 

M 44 

17 35 

19-79 

29-65 

Scvla ..... 

3-64 

2-48 

i -03 

1 3-42 

6-08 

2-55 

Idmo . . . - V • 

11-83 

12-30 

10-61 

10-05 

10-43 

6 62 

Magnesia .... 

2-Gr 

2-H 

107 

2 0(; 

2-04 

1-31 

Perric oxide . . . . | 

i 1-45 

2-91 

1-23 

•3« 

■81 

•31 

' Phosphoric acid . . . i 

I 5-80 

6 07 

6 •i,'* 

1-89 

3-30 

3-79 

1 .Sulphuric acid , . . | 

1 4' 75 

4-70 

3-20 

4 57 

5 75 

3*30 

i Chlorine . . , ‘ . 

1-98 

1-.32 

•98 

15-31 : 

7 23 

12-10 

\ Silica ..... 

j 57-32 

j 55-81 

60-51 

38-50 

46 20 

43 10 


IT 


I'll# analyse.^ selected relate b? two years,*' which are especially characterised by a 
low and high proportion of ash in the cr*jp; tho results thus illustrate tho oflTects of 
6!ca«<^>u as well ns that of tnainirc. Looking first at tho comjKisition of tho ash in 
1871, the twentieth year of tho exjirnmerit, wo have before us the eir«n:t both of 
great exhaustion and nbiindant supply of cinereal fwxl. On 1 he plots rwroiving re- 
spectively nrtimonium stilts alone, and no nmnaro, tho soil has Ixsim greatly exhausted 
of njth constituents, esj>ecially on tbo first-iiaraod plot ; while the plot manured with 
farmyard manure has roceiv<jd annually far more of ash constituents than was ro- 
niove*! in the produce. «The percentage oi total ash, Ijoth in com and straw, is seen 
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to vary with tho supply furuished by the soil, the percentage in the ^ain 
uniform than that in the straw. The detailed composition of the grain a^kos ie# how- 
ever, very similar, notwithstanding the wide difierence in the character of thamanures. 
Phosphoric acid is the only iugi'edient of tho grain ash which is found in 4|stinctly 
smaller proportion in tho produce of the exhaus^ land. The ash of the straw shows 
the same evidence of exhaustion of phosphoric acid on those plots where none has^ been 
applied, but besides this exhibits a striking diminution of potash, and substitution of 
soda, where alkalis have been withhold from the crop. In both straw and grain, a large 
increase of chlorine is observed, where chloride of ammonium has been employed ; in 
the grain tho chlorine is probably confined to the adhering chaff. It appears on the 
whole, that the ash of barley grain is affected more in amount than in composition 
by a large or small supply of ash con£^ituents in the soi^; phosphoric acid, in this 
instance before us, is the only ingrodioDt distinctly altered in proportion. The ash of 
the straw is much more variable, both in amount and composition, the proportion of 
alkalis, chlorine, and phosphoric acid being greatly dependent on tho supply afford^ 
by tho soil. 

Tho ash analyses of 1856 belong to a much earlier stage of the experiment, when 
both the exhaustion and accumulation of ash constituents was far smaller than in 
1871 ; comparing those analyses, however, among themselves, differences will be per- 
ceived, similar to those alrea^ly noticed, though smaller in amount. When, however, 
we contrast the results of 1866 with those of 1871, the difftronces observed are very 
striking. The total ash in 1856 is smaller than in 1871, and conttiins a smaller pro- 
portion of alkalis and chlorine, and a larger proportion of lime, magnesia, and 
phosphoric acid. In the grain these differences are confined to moderate limits, but in 
tho straw they become extremely large, tho alkalis in 1866 being only one half, and 
the phosphoric acid about double that present in 1871, while the chlorine is affected 
to an oven greater extent. These striking variations are duo to differences in tho 
climate of the two seasons, 1856 and 1871, and demand a brief consideration. 

Certain general rules govern tho proportion of ash which will be found in crops 
grown in different seasons. Othcr#things being equal, tho proportion of ash will bo lower 
as tho crop is larger, and more perfectly niatip'ed. In a fine season a much larger 
amount of carbon is assimilated by the crop than in c bad season, and tho percont^o 
ffof ash is consoquontiy diminished. Thus, as a rule, well-matured grain having a h^h 
weight per bushel, will yield loss ash tha» grain of an inferior season, having a lowe r 
weight per bushel. This general rule may, however, be entirely overridden by special 
circumstances connected with the season. Barley appears especially subject to such 
infiuences, and tho twenty years* experiments at Kotharasted do not always show u 
low ash associated with a hi^h weight per bushel, but frequently the reverse, and a 
most striking example of this is afforded by the results obtained in 1856 and 1871. 
In 1850 the total crop produced by farmyard manure wac. scarcely more than half that 
yielded in 1871, the weight per bushel of the corn was only 47T lbs., while in 1871 
It reached 56’6lbs. ; 1856 was thus pre-eminently a bad season, while 1871 was 
above the average. Yet we have already soon that 1856 was a year of minimum ash 
contents, while in 1871 the ash w'as at a maximum, a result directly contrary to tho 
general principle stilted aboge. • 

A study of the Kothamsted results, togethet with the meteorology of the respective 
seasons, has led tho writer to conclude that the kind of weather experienced at two 
epochs of tho life of tho crop hits a preponderating effect on tho perfoiitage of ash in 
tho produce. If an excess of rain occurs in tho middle of summer, when the green 
crop is at its gr©at'’st bulk, and transpiration of watef’^most active, a considerables 
amount of soluble ash constituents will be taken from th^ soil by the crop. If thi> 
excess of rain is followed by dry weather as the straw begins to wither and the grain 
ripens, these soluble ash constituents will be retained by the crop, and the prwiucc 
will yield a maximum percentage of ash, rich in alkalis and chlorine. Such a season 
was that of 1871. If, on the c<intrary, the middle of summer is dry, the amount of 
ash constituents taken up by the crop will be smaller ; and if the vipening and 
liarvest period are wet, a considerable proportion of the iXilnrides and soluble alkali 
salts are apparently washed out from tW straw and the chaff of the grain, leering a 
low percentage of ash rich in silica. Such a wet harvest was that of 11^6* TTheso 
gentttJ oonclusions need the test of a wider experience ; they explain, however; the re- 
sults ohservedi and, as far as the washing out of soluble salts from The dbad straw 
and chaff during a wot harvest is concerned, are in accordance with the observations 
of Scheven already noticed* • 

An average crop of barley of 40 bushels of com, at 52 lbs. per and 2447 

lbs. of straw (85 corn to 100 straw*), will remove from the lani^,^flf?)Pbs-. per- acre, 
about the following quantities of nitrogen i^d ash constituents 
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35 

9-8 

1 *0 

1*3 

4*0 

•4 

16 2 

•8 

•4 
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46 

Straw 

r_* 

21 6 

4*2 

<-3*5 

2*6 

*8 j 

4-4 

4 0 

3*2 

61 S 

lUO 

Total. 

47 j 

31-4 

5 2 

9-8 

6*5 

i D2 j 

i 20-6 

4-8 

3-6 

63-5 

146 


BAmWOOO. Se<j IUpuia (p. 140). B. >V. 

BBBnA-ORaaior. To proparo tlu^ figment, 2 parts of finely powdorod 
manganoso dioxide are ^adually tttiroducod into a fused mixture of 2 ptvrta of 
pcjtassium hydrate and 1 part of potassium chlorate, and the mass is Iieatod to low 
AadnesB* loft to cool, powdered, treated with cold water, and filtoreii. Barium nitrato 
W then added to the filtrate, iind the riolet harium manganafo is washed, mixed with 
4 to 1 part of barium hydi'ate, and heated to low rednoss in a copper hasin, till it 
assumes a pure green colour. Lastly, it is porrdered and treated with water to Tomove 
free barium hydrate. 

SABYTjCLoMZCA.. This mineral occurs in the Ilnhticbthal in Salzburg. It 
crystallises in the rhombic system, the faces ooP and OP being distinct, and the 
latter face having a pearly lustre. Cleavage very distinct, parallel to 01*, by which 
it c;in bo obtained in very thin fioxildo laminae. The mineral is mono>axial, and is gone- 
rally analogous to potnsh-miwx. Colour white ; colourless in thin lamin®. KordneM 
1*6 ; sp. gr. 2 83 at 10® C. Kasily fusible before the blowpipe to a wliito umimol. 
On l)oiLiDg with sulphuric and hydrochloric acids it is slightly attacked but not do- 
composcil. Analysis gave : — 

BiO*. A1*0\ Fc*0. MnO. BftO. CaO. KH). IPO. 

49-44 2605 202 0*29 3*03 5*76 I’Sl 7*54 4-24 « 10018. 


Not the slightest trace of sodium could be <iotecte<f, oven by the spectroscope (Saml- 
bergor, Jahrb, /. Min. 1875, p. 625).* 

BBSAZiT. On the •Basalts of Styria, see G. Untclij {Jahtb.f. Aft a, 1873« 32 4; 
Ckem. Soc. J. [2], xi. 1115). 

On the occurrence of Zeolites in the Basalt «»f the Limpericlikoif at Asbacli, see A. 
Weiss {Jahtb.f. Min. 1873, 319; Chem. ikx'. J. [2], xi. 1116). 

On the Basalt and Hydrotachylyte of Rosstlorf, Darmstadt, see Petersen (t/, pt^ 
Chem. [2], vii. 152 ; Chem. Soc. J. [2], xi. 1211). • 

On the Basalt of the ft^chiffenberg : Winther {Jahrb.f. Min. 1877, p. 102). 

On the action of a Basaltic Magma in th«^ state of Igneous Fusion on crystals «.‘n- 
closod in rocks and minerals, as observed in the lavas and basalts of tho I^)wcr 
Bhine, see J. Lehmann {Jahrb.f Min. 1874, 431). 

Titanium and Vanadium in BanaltB . — Titanium occurs in the basalts of Clermont 
Ferriind, Auvergne, in larger proportion than in any basalt hitherto oxumineii. Tho 
lowest percentage ohtainc^d iu ten analytes was 0*707. and tho highest 2*378, the 
moan being 1*501. The titanium is iSost determined ns follows : — The basalt is fused 
with sfxiium carbonate, tho coole<l mass dis.solvwi in hydrochloric acid, tho solution 
evaporated to dry nc.-«s, and the silicic acid dohydratod as usual. The whole is then 
l>oilod with dilute acid, tho silica filtered off: both precipitate and filtraUT (miii- 
tain titanium. Tho silica is ignited; and then treated with wi^rm oil of vitriol for 
severs! hours. Tho pure silica is left insoluldo after this operation, and tho titanium 
is precipitated from the solution by ammonia. Tho original filtrata fn>m the silica is 
boiled with sodium sulphate, sulphuric acid, and sodium thiosulphaU'. Tho impure 
titanic oxide is gently ignited, then mixed with that oY)taine<l from the silica, and 
the whole is digested in a scaled tuba -with warm concentrated hydrocliloric acid. The 
rmdue is titanic oxide. 

The percentage of vnAdic oxide in the twamo Isunlts varied from 0*006 to 0 023, 
tho ttean^faniDg 0*014 (V. Roussel, Compt. lend. Ixxvii. 1102). 

iMMUiBS* On tho combining projKirtions of Buses and Acids, see Acids (p, 37)< 

On the divisioB of a Base IhjCwc ii two Acids, see Chkmical Acriow {2nd SuppL 
288). 

BABBnn^# See 2»d 8uppl. 125. 

JUliB€l|l||«r '—Beech leaves vie Id a fragrant dec^>ciiQii, and 100 

parts of t^SSSrpiemvi^ give 20*8 p;irts of a fluid extract, which, when burned, yields 
2*44 parUf 6t ash containing a notable j^oportion of manganese. The total percentage 
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of ash from the dried leaves is 4 * 02 , of which 2 parts are soluble in water, and 2‘52 
parts insoluble (Wankljn, Chem, yews, xxiii. 186), * 

Heech bliffht.—The beech trees in Westphalia were attacked in 1872 by a new 
form of blight, which, commencing on the bark, finally covers the tree with a snow- 
white down, producing sickness, and sometimes death. The microscope shows this 
blight to consist of fine threads, among which fscurs a small insect, apparently an 
undescribed species. These threads, which are secreted ty the insect, consist of 
wax, which has a molting point of 78°“*80®, and contains carbon 81’39 per cent., 
hydrogen 13*68, oxygen 6*03. Both composition and melting point are very near to 
those of Chinese wax. The wax w*as partly saponified by potash, and on shaking up 
the resulting soup with ether, a substance was obtained melting at 49°-51*5®, solidi- 
fying at 60^-48®, and containing carbon 76*21, hydrogen 12*24, oxygen 1 1*56. The 
soap yielded an acid melting at 5 l°-*63°f solidifying at 50®-i49°, and containing carbon 
77*88, hydrogen 12*31, oxygen 9*81. •The unsaponified portion, which must have 
been richer in carbon, molted at 140^-145° (J. Koriig, Landw. Versiichs-Stationcn, i^vi. 
198). 

, SaSCB wa.x. See Wax. 

Manufacture of Unalterable Beer, — The liability of beer to turn sour, 
ropy, &c., is due to the presence of special ferments derived from the air, and from the 
materials used. By boiling the infusion of malt and hops, cooling out of contact 
with air, and fermenting with pure yeast in vessels to whi^h only carbonic atid or 
pur© air is admitted, a beer is produced of superior quality, which may be preserved 
without troulile for any time. Even a partial adoption of these precautions is at- 
tended with valuable results. In preparing pure yeast to start with, advantage may 
be taken of the fact that oxygen favours the growrtli of true yeast, but hinders the 
propagation of the other ferments. Pure yeast being obtained, the beer is afterwards 
fermented iu an atmosphere nearly destitute of oxygon, as its quality is thereby im- 
proved. Pure yeast when kept in pure air undergoes no change, even at summer 
temperatures. The Mycoderma vini floes not become changed into beer-yeast on 
submersion iu a nutritive fiuid;»uoder these circumstances it acts ns an alcoholic 
inent, but does not propagate itself (Pasteur, Compt, rend., Ixxvii. 1140). 

Hirschborg {Arch. Bhami, [2], cl. 45) finds tnat th© addition of a small quantity 
qf boric acid to boor retards its tendency to become * hnrd.^« 

On the manufacture of Boor from Beetroot, see F. Coales {Dingl. pol, J, ccx. 478 ; 
Chem. 8oc, J, [2], xii. 725). 

Detection of Foreign Bitters in Beer, — A. Driigendorff (Arch. Pftarm. [3], 
di. 295 ; iv. 389), has examined the reactions of the following substances, used more 
or less frequently to give bitterness to beer : Quassia, Ledum palustrCy absinthe, 
Mctvganihes trifoliata, Cnicua bcncdictus, Erythreea Centavrium. gentian, willow-bfirk, 
aloes, picric acid, colocynth, Cocculns indicus, colchieuni seeds, Daphne Mecnremn, 
Ca-^emn annuum, Bclladonnay Hyoscyaimis, Nux voinica, and juniper berries. The 
following are tho general methods of detection employed : — 

I. 600 -1,000 c.c. of beer are evaporated to a syrupy consistence on tho wator- 

bath, and then t reated w’ith 3^-4 volumes of alcohol, as free as possible from fusel-oil, 
and the niixtt^e is allowed lo stand tweniy-four hours. Tho whole is then filtered ; 
tho alcohol is distilled off from the filtrate; otfd the residual liquid is again filtered 
after standing for 12-20 hours in the cold. A few drops of dilute sulplmric acid are 
then added; tho whole is agitated ^ith petroleum ether ; and the siipernatant petroleum 
layer is washed with w’ator, filtered through dry filtor-pappr so as to remove the last 
traces of water, nmltevaporatcd to dryness on eeverai waft-ch-glassos by sjX)utaneous 
evaporation. Tho aqueous acid liquor is then agitated with benzene and with chloro- 
form, and then again with benzene, after addition of ammonia to liberate alkaloids ; 
salicin from willow-bark is extracted by agitating the aqueous liquor with amylie 
alcohol. • 

II. 600-1,000 cc, are heated till most of the dissolved carbonic acid is driven 
olT; after cooling, basic load acetate is added, till no further precipitate is formed; 
after standing for some hours tho whole is filtered ; and difhted sulphuric acid is then 
added to throw down the excess of lead r if the filtrate has a harsh or bitter taste, 
tho beer is suspicious. Tho whole is then evaporated on the water-bath (after 
neutralisation hy ammonia) as quickly as possible, until only 180-200 c.c. are 
left, and then troat-eil with l^nzene, petroleum ether, and chloroform, as in 
method I. 

Nonnul beer, examined by method I., gives the following results : — THb petroleum 
ether extract contains : (1) an amorphous, slightly bitter substance, soluble in ethi-r 
and alcohol, and partially soluble in water; (2) a snlwlance which pretipitates biisio 
lead acetate; (3) a sub.staiicc which Itecoinas t^.^! with FroMc's f^agont (sodium- 
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thiosulphate), and (4) one whi^ becomes rod with* Bulphuric acid and supu*. The ben- 
zene extract contains the sam^S^ substances, and is more bitter ; in addition, it oontaiua 
(5) a body which t^c^mes dark brown on treatment with sulphuric acid ; and (6) a sub- 
stance which precipitates tannin. The clilon>fomi extract contains substances 1, 2, 5, 
and 6, in some instances in larger proportions; also (7) traces of a body precipi table 
by potassium iodide and phosphoiiiolylidi.c acid ; (8) a body which reduces ammoniocal 
silver nitrate; and (9) a botiy crystallisjible from ether, and difhcuUIy soluble in 
alcohol. Of these substances, 2, 3, and 6 come from the hops, 1 from hops and malt 
together, 4, 5, 7. and 8 from malt, and 9 is formctl from malt in fermentation. 

ExjLmined by Method II., normal beer should give next to no extract with 
petroleum -ether ; but little Lenzono extract, and that not bitu>r, and not precipitating 
gold, or reducing it on warming, and only an inconsiderable chloroform extract. 
Hence subsUinces 2, 3, 4, 6, dnd 8, are reinovevl by tlio leiid acetate; consotjiiently, 
when any adulterant not prccipitalde by this agent is sought for, iSLothod II. should 
be useH. 

The following table exhibits the characters of the oxtmets obUiined by the aid of 
those several solvents from the plants and vcgetHblo products ivIkivo nHUifioned ; the 
reactions observed with the bitter ingrtHlients thus isolated, when tre ated with the 
following substances; chloride of gold; tannin; V>asic lojid acetate; amniuniaciil 
silver solution; concentratcnl sulphuric aciil ; Frbhde’s reagent; snlphnric m:id 
and sugar; sulphuric acid with 5 projxirtKmH of water, IPSO* 4- fiH’-O. on warm- 
ing ; wa^ dilute sulphuric acid; caustic potash solution; wmrm ferric chloride; 
also their physica.1 properties, c.g. crystalline form, taste, &c. (iOO cc. of beer 
being taken for examination, 0*0005 gram of atropine (0*06 gram of belladcmna leaves) ; 
the same quantity of hyoscyamino (0*26 gram of henbane) ; 0*0003 t^f strychniins ami 
0*0005 gram of brucine (0-03 gram of nux vomicu), can be dotoetod ly the methods 
described. 


Kxthact fuoml Acid Liquor. 

Residue from Petroleum. 

(«) Amorphous, first becomes brown, then violet, and soon rc(l-vi<jIot, with sul- 
phuric acid . . . . . . • . . . . ’J 'races of Ahsivthiit. 

(5) Amorphous, colourless, shdrp- tasting, and rubefacient; coloured brown-red 
with tKilphunc acid . . ' . . . ^ . . . 'l'race.n of Capsiciu. 

(o) Amorphous, green, Inicoming red with .sulphuric acid and sugar; no precipitate 
with ainmoniacal silver solution ...... Junijter-hrrrp Resin, 

(#7) Crystalline, yellow, becoming blood-red with potiissiuin cyaniile Picric Acid. 

Residue from Pence ue. 

[ A] Crystjillinc, not bitter ; 'becomes purplo-rcnl with potash, aind rod, changing 


to orange, with sulphuric acid Aloctin. 

[B| Amorphous. 

(«) No precipitiitc with gold chloride wlicii tlie rrsitluo is dissolved in wuter: 
(1) Tannin gives no prcoij/n.ate : residue shnrj>- last lug : 

[a| Sulphuric acid colours the liquid n^i-hrow'ii . . . ' ^ Capsicin. 

[^1 Sulphuric acid colours the liquid brown . . Daphne Ritlcr, 


(2) Tannin precipitates the aqueous s»>lution ; resyJiio bitter, or bilLerisli : 

[IJ Basic acotiite amsf s slight turbidity ; sulphuric acid and sugar 

hardly red<ioii thv solution. 

Art. Ferric chloride gives brown-green tint on warming the oqucoiiH solution ; 
slightly bitterish ...... Oe/ifinn Leaius, 

bb. Ferric chloride gives bnjwii tint on w’arming ; peculiar taste, int<jlerably 
bitter ......... Quatisiin. 

[II] Basic lead acetate give.s a C4>piou.s precipitate ; sulphuric acid and sugar 
quickly give clicrry-red tint ; weakly bitterish . Cnicin. 

(A) Aqueous soluti oik of residue does not act on gold chloride in the cold, 
but reduces on -warming. • 

[a] iSlight precipit;ite with tannin ; docs not riyluce ammoniacal silver wdu- 
tion ; heated witli dilute sulphuric acid, it gives the o<lour of ©riciiiol ; 
Frohdo’s reagent colours it black-brown, sulphuric aend and sugar 
a Issautiful red ...... Jjcdnm Hitler. 

[3]* Precipitate with tannin ; ammoniacal silver rwluced ; heated with 
dilute sulphuric acid, it gives a slight odour of inenyanthoL 

'/’rifolium Hitter. 

(a) AqaeOtta soliHion of residue precipitates gold chloride in the cold, but 
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does Dot reduce it on heating; mth + SH'-K) gives a slight 

odour of benzoic acid . . , . . Centaury Bitter, 

{d) Aqueous solution of residue precipitates gold chloride in the cold, and 
reduces it on warming ; sulphuric acid dbsolves it to a brown tint at 
first, soon turning violet, and becoming a beautiful violet on addition 
of water; hydrochloric acid* of sp. gr. 1*135 colours it first green, 
then a beautiful blue ...... Ahsirdhin. 

Bcsiduefrom Chloroform. 

[A] No precipitate and no reduction with gold chloride : 

(a) Tannin gives no precipitate ; sharp taste ; vesicating ; sulphuric acid 
colours it dark brown-refi Cap^icin. 

(5) 1’annin gives a precipitate# 

[a] Basic load acetate gives considerable precipitate; heated with^diluto 
sulphuric acid, it becomes turbid, then brown-red, and gives a faint 
odour of benzoic acid ....... Cnkins 

[3] Basic load acetate gives little or no precipitate. 

I. Sulphuric acid gives a brown colour : 

aa. Besidue very bitter ....... Quassiiii. 

5A. Residue liitterish . . . . . . . Gentian, 

cc. Residue sharp-tasting . . . . * . . DapXne bitter. 

II. Sulphuric acid gives a slight yellow tint or no colour nt all. 

Coheynth. 

[Bj Gold clilorido gives no precipitate in tlic coM, but is reduced on warming : 

(rt) Tannin gives no precipitate : 

[I") Stupfjfies fisli ; bitter taste ...... Picrotoxin. 

[*2] Tasteless or .slightly l>i Iter; poUisb colours it red-brown . . Aloes. 

(A) Tannin gives a precipitate : 

[a] Ammoniacal silver reduced; stismg odour of menyanthol on heating 
with dilute sulphuric acid, or kVohdo’s reagent . . Mcnyanthiii. 

[J8j Ammoniucal silver not reduced ; odowr of ericinol with dilute sulphuric 
acid, or with Rrohdo's reagent; beautiful* carmine-rod on long stq.uding 
with sulphuric acid and Sugar Erieolhi. 

|0J Gold chloride gives a proeipitato in the cold, and is not reduced on warming ; 
nitri<.‘ acid gives a violet tint ....... Colckicum. 

Hoatetl with sulphuric acid, it gives an odour like that of clover, then the 
liqui<l becomes red, and tho smell alters to one resembling benzoic acid. 

^ Centaury Bitter, 

[D] Gold eldoride gives a precipitate in the cold, and reduces on heating ; sulphuric 
acid colours it brown, and gradually dirty violet , Wormwood Bitter. 


^ *.Exti{Act l u^ju Alkalinb Liquok. 

[I] Bnuene rcsidne. * 

(<i) Rilates the pupils cf a cat's eye: 

(1) Vliilirium clilorido does not pro%!ipitatc tho aqueous solution; peculiar 

o^our on warming with .sulphuric acid . . . . Atropine. 

(2) Platinum chloride gives a prempitato when in just tho right proportion. 

Ifyoscyamine. 

b) Does not dilate tho pupil : 

(o] Sulphuric acid solution becomes blue T^’itli potassium dichromato or 
ceric oxide ........ Strychnine. 

(3) Sulphuric acid solution becomes red with nitric oxide . . Brucine. 

[Ilj Amylic alcoholic residue (examined only whenValicin is to be sought for). 

Heated with sulphuric acid and potassium dichromato, gives a salicylous 
odour .......... Sdlicin. 

For tho detection of piioric acid in beer, Viudi (Crtirj. chim. itaf. vi. 4G6) re- 
commends the use of amvl alcohol. 10 cub. cent, of tho beer are iq^tated with 5 cub. 
cent, of amyl alcohol, tho latter being removed by means of a pipette, filtere<l and 
evaporated; a yellow* rt'siduo indicates picric acid. This is dissoTved in a small 
quantity of water, and divided into four portions, which are severally treated with 
ammoniacal copper sulphate, potassium cyanide, umnmnium h^'drosulphidc, ;md 
iwta«sium nitrate: if picric ;ici«l is present, these give the crystalline ammonium 
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<»pper picrate, the poipte-x^ iaopurpuric and pieramic acid, and tho yoUow ciystal- 
line potassium picrate. 

On the Detection of Adulterations in Beer, see also Wittfitein Pharm. [3], 

V. 25 ,* Chem, Soc, Jour, 1876, i, 767). 

On the Composition of Beers brewi in Bnsel, see fioppcisroedor (Dinah pot. J, 
ccxyii. 328; Soc, Jour. 18?6, i. 788). 

On Substitutes for JVfalt in Brewing (Surroiyatbtauerei), sec Hanomann (Dingl. 
poL J. ccxviii. 345 ; Chetn. Soc. Jour. 1876, i. 807). 

SSBSWXC or BUTZO AOZ3>« This acid, or rather its glyceride, haa been 
found by Goldschmidt in the fat oil of black mustard seed (see IVIu.stabd’ 

BBXiSbABOXrarA. On 4he preparation of Atropine from Bclladonun leaves, see 
Atko^k (p, 135). 

aairzA.CBTzc or aaazon-aoaTzo aoza, 

Tlie motanitro- and motamido-derivatives of this (at present tinkuowrO acid liavc bc« n 
prepared and examined by L. Liebermann {/Acw/. ChcM. (hs. Ber. x. 881). 

Tho niiro-acidt C^H’NO* ~ \ is obtained by grndually adding 

finely p^verlsed silver nitroboiizoate to acet}'! chloride contained in a Cfj()}cd vessel : 
C*H‘(N;0’).C0»Ag + Cl.CO.CH* - ArCI + 

It is necessary to nso an oxecs.s of acetyl chloride, siiuve, if the iwr) boilios nr«' 
mixed iu equivalent prfqxirtioiis, tho quantity of liqui<l present will not be sufficient 
to ensure complete mixture. On pouring tho product, with stirring, into a largo 
quantity of waiter, filtering from silver chloride, and evaporating tho filtrate in tlic 
water-batli, tho nitro-acid is obtained iu long spicular crystal Is apparently belonging 
to tho quadratic system. After pressing and ilrying at 100'^, it A^nns a light, luuso, 
very bulky, crystalline powder, 

Mclanitrobeuzivcetic acid is easily soluble in alcohol, ether, and hot water, sjwir- 
ingly in cold water. Tho itouoous soluttion has a strong acid reaction. When heated 
in a small glass tube, it molts at 130^-132° (eorr.) to a yellowish liquid, and thou 
dec<jmposcs, giving off an odour of bitter almoiuls and forming a er^'stallinc subliniato. * 
AVhen suddenly lioated, it det.onute.s somowhAt violi'iitly. By tlm action of strong 
niiiierul acids it is resolve<l inttj acetic and nitrohenzoic ftcids; by' tin and hydrochloric 
acid into acotic, and aniido!>enznic acids. 

The Imd-salf, (C"H'’N(>')“PhHh 211^0, preparwl ly agitating the edd aqueous 
B*)lutioti of tho nitro-aciil with had oxiM** till tlie acid reaction disappears, and evapo- 
rating tho filtered liquid, crysUiUiscM in thin needle- shaped prisms. The barium 
and silver salts are very unstable. 

MctamidoJff'n^acciic acij CTl'N'O’: - me! am eric witji 

po c®ir' 

hippuric (bouzantidacetic) acid, ()|l , nnd with Foster’s acotyl-met- 

umidobciizoic. acid, ^ (*<. 291), is forme<l 1/y rtxlucing tho nitro-acid 

with ammonium sulphide in alcoholic solution, and may. be obtaine<l pure by acidulat- 
ing the liquid with acetic acid— after expelling the hydrogen sulphide - sclecling the. 
last portions which cry 8 tiilHsc* 4 )ut, and decolorising them with animal charcoal. It. \h 
moderately soluble in water, and decomposes when melted, yielding a crystalline sub- 
limato and a residuo melting at 166'’, which is so near tho melting jMjitit of metamido- 
benzoic acid (165°) as to render it probable that tho residue in question actually 
consists of this acid. 

BBarXACBTUC ACZBf This name is given by Pfankuch (J. pr. 

Chcfn. [2], vi. 97) to an acid^which he obtained by distilling a mixture of barium 
benzoate with excess of barium thiocyanate, and treating tho lit^uid portion of tfto 
distillate with potash. The free aci<l crystallirtis in small glistening needles melting ' 
at 101°. It is a stronger acid than benzoic acid, but loss stable. 

Ugl y w ixwm M, C’II*O.NIi'-*:^C*H\CONH'. On the formation of this compound 
and benzonitrU by heating benzoic acid with thiocyanates, see 2wrf. iiuppl. 160. 

On its crystallite form, see 2nd Suppl. 129. 

Mercury-compound. — The command, (C^H*O.NH*)*Hg, obtained by dissolving 
mercuric oxide in aqueous benzamide (i.539), boils without decomposition at 222°-224°. 

It is decomposed by cafbon <lisalphi4le aad thiocarbanilide at a low temperature. 
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with uepamtion of heuzaniide and formalion of benzonitril, but not of benzoyl -guani- 
dine or bcnzoyl-urca. The reliction with carbon disulpUide is attended with formation 
of carbon oxysulphido (Oppenhcim a. Czamomsky, Bcut, Chem. Ges, Ber, vi. 1392). 

Conversimi into Benzyl alcohU and Bensoic aldehyde, — When a mixture of benz- 
amide with ether and a little water is submitted to the action of nascent hydrogen 
(evolved by sodium amalgam, not by zinc) lAnzyl alcohol is formed, together with a 
small quantity of benzoic aklehydo : 

Ainifle. Aldehyde. 

C-IP.OONir- + 11= - NU» + C«H*.COH 

Aldehyde. Alcohol. 

eil'.COIl + 11= =- C«mCH=OH. 

Tins reaction may perhaps affoftl a g<xjd method* of preparing benzyl alcohol, 
as the yield may amount to more* than 30 per cent, of the benzamide employed 
((iuaroHchi, Qazz, chim. Hal. iv. 465). • 

Jimetion with SulpJtocarhonyl C'Aforfdr, CSC1=. — Wlien this compound is heated with 
hemamUlc to 150*^ in scaled tubes, part of it abstracts water from the benzamide, 
forming benzoiiitril, together with hydrochloric acid and carbon oxysulphide; w’hilo 
the great-er part of the sulphocarbonyl chloride is converted into a mixture of carbon 
disulphide and carbon tetrachloride, without further action on the benzamide, threo- 
foiirths of which indeed remains unattackod : — ^ 

C*ie.C0NTe + CSCl* = CHO + 2H01* + C»H‘.CN 
and 2CSCe = CS^ H COM. 

At the same time the hydrochloric acid formed in the reaction acts upon the benz- 
amide in such a manner as to produce hydrated dibenzamide, 

NH(C’H'‘0)= + 211=0, which may, in fact, bo formed directly by the action of hydro- 
chloric acid on benzamide (p. 167) (Rathko a. Schafer, Liehig's AnnaleUt clxix. 107, 
111 ). 

nimetliyl-lionzamide, . C«H®.CO.N(CH*)=, and 2>tetliyl»beii2amtde, 

C**ll®.CO.N(C=Ii*)=, are formed l)y the action of benzoyl chloride on dimethyl amine 
and diothylarnino, both the chloride and the* ami^j-O being diluted with eight times 
their volunui of ether, to moderate the violence of the act ion ; c.g . — ^ 

Nn(cu»)= + cnp.cooi - nci + C'»ii^co.n(ch»)=. 

The hydrochloride of the amino formed at the same time is extracted with water, 
and the ethereal solution is dried over calcium chloride and evaporated. 

Biethyl-hcnzamide is a colourless oil, boiling at 280^-282®, not miscible with 
water, soluble in dilute hydrochloric acid, but roprecipitatod on addition of water. 

IHmcth yl-hcnzamide fr\rms crystals easily soluble in water, molting at 41°-42°, 
ainl boiling at 265°-267° (uncorroetwl). Heated with hy«lrochloric acid to 200° it 
st'\>arates into dimothylammonium chloride and benzoic acid. 

Bwwtkyl-hcnzamidochloride, C®11»»NCR- C«H».CCl=.N(CH»)=, is formed by the 
action of liquid phosgene on dimethylbenzamido : 

•C«Il».CO.N(C?lP)= + COC?t= « CO= + C«IP.CC1=.N(CH»)=. 

When equal volumes of liquid phosgene and dimethyl -benzamide are enclosed for 
several hours in a soah?d a white crystalline mass i.s harmed, and streams of 

carbon dioxide escape on opening the tube. The crystals fume in damp air, smell 
like benzoyl chlofide, and decompose readily in contact witlj water, yielding HCl nnd 
dimethyl-bonzamide (F. Uallmann, Deut. Chem. Ges. Bcr. ix. 846). 

SibenKamlilet NH(CUPO)‘-', or C®lI*.CO.NH.CO.C"IP, is prepared by slowly 
adding cyanobenzene (7 parts) to a mixture of strong sulphuric acid (7 parts) ancl 
phosphoric unhyilridi^ (4 parts) ; agitating the mixtuTe*till it becomes homogeneous ; 
adding wsit.er after some hours, and leaving the solution to itself. It then deposits a 
mass of slender needles, wdiich, after crystallisation frqjn weak spirit, consist of pure 
dibonzamido. The reaction may bo represented by the equation : 

2(C*IP.CX) + 2IPO - NH> + NH(C’H»0)=; 
but it is uncertain whctht»r the formation of the dibenzamide takes place before or 
after the addition of water. 

Dibenzamide ctystallises in long thin colourles.s needles, which melt at 144° and 
decompose without subliming at a higher temperature. It dissolves sparingly in 
boiling water, easily in alcohol, ether, chloroform, and benzene. Its reaction is 
neutral. Boiled with putush-lt-y it yields ammonia and potassium lienzoate. When 
agitated with dilute soda-ley in the cold, it forms sodiuffi^Me^ramidet (C^H*0)*NNa, 
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w-hicli crystallises from^ water in short prisma Containing ^ mol. of water. The 
aqueous solution of sodiuni’^ibenzainide « gives precipitates with salts of the hea\’y 
metals. The siher compound is a white semi -cry stalliuo body. The tnercurp^ ««<?, 
lead, and copper compouiids are curdy precipitates, quickly becoming crystalline (Bar th 
a. Senhofer, J)ez(t, Chem. Qca. 2?cr. ix. 075). 

Hydrated Dihenzamidc, = NH(Gm»0)^ + 2H=0, is formotl, as 

already observed (p. 1»56), l)y Uie action of hydrochloric acid on benzamido. It crys- 
tallises in transxjarent plates melting at 09°, moderately soluble in water, solnble 
also in alcohol, ether, and chloroform. The aqueous solution has an acid reaction. 
The compound boiled with dilute alkaline carbonates gives off ammonia and yields 
benzoic acid- The two molecules of w'ater which it cont4iin.s cannot bo expelled 
without further decom{)osition (Rathko a. Schafer, JAcbig's Annahn, clxix. 107, 111). 

Beleniobensamide, <?H**NSe is formed by the act ion of hy<lro- 

gen «elcnido on a slightly amiuoniuc:il alcoholic solution of beiizonitril. It crystal- , 
lisos ill largo golden -yellow needles. On boiling it with iodine, j>art of the selenium 
is removed and a compound is formed, probably having the composition (C*lPON)^o, 
analogous to the sulphur compound (1«^ Suppl, 258) whicli Hofmann obtained in like 
manner from thiobenzamide (F. von Dechend, Deut. Chnn. Ge,<. Her, vii. 127 JJ). 

SnrKiLXrXU3>J9 or VHBX7YXi-BBirZA.MZJ>S, C'«li'>NO -- 
C»H*C^NH(C«il') =. C«H».CO.NH(C«H*). 

Bhomobknzanilid'%, C*H^Br. 00.1^11(0*11*). — AV^hen bromine is added to a 
solution of benzanilido in glacial acetic acid, bromo-benznnilido is obtjiincd in large 
thin plates melting at 202°. A small quantity of another compound, probably an 
isomerido, is formed at the same time (Meiiieck<s Dent. Ckem. (7c.». Ber, viii. 564). 

NiTROURNZAKinDKS.-irTho fomiulu, C**ir®(NO*"‘)N(). represents two isomeric 
compounds, viz. : - 

1. Phenyl nitrol>enKamido or nitrolieiizanilide : 

CHI\N(P)O.Nn(C*U*) - C>'11*N0^C0.NH((>I1'). 

2. Nitrophenylbonzamide or beiizonitranilule : * 

C’H»O.KH(C‘H*N<)=) - 0*U’.CO.NU(C'n‘NO»). 
aiKi each of those is susceptible of three miinifications, ortho-, meta-, and para-, bc-# 
cording to the position occupied by the groftp N(P in the benzeno-rosiduo to which it 
belongs. The benzonitranilidcs have not yet Ixsen obluiiied ; tlio three modifications 
of nitrobenziinilidc art; rcxircscntcd by the following forinuhe : 


H 

11 

i_ 


11 0^ NO* 

HO^ ^CH 

II J 

II 1 

HCv ,/;n 

\c^ 

ft 

II 1 

UL.\^^6 -NO^ 

lie. «CI1 

O :~c ^<CoXl» 




Ortho. Mi'tn. Para. 


The ortho- and para- mcKlifications are obtainwl “Ijy direct nitration of benzanilido. 
On diss^dving the prtHluct, in alcohol, paraiiitrohcnzanilido crystallises out first in 
small colourless prisms mofting at 199°; and on evaporating the alcoholic mother- 
liquor to dryness and drenching the residue with chloroform, nearly pure para- 
nitrobenzan ilido pcimiins undissolved, while on leaving the chloroform solution 
to evaporate, and digesting the residue with alcohol, a soltitbjn is obtained, from 
which orthonitrobonz-.n ilidc crystalliscH out, in long light yellow ncodlos very 
soluble in alcohol and melting at 9i°-95^. The <irtho- mcxliflcat irm is distinguishod 
from the para- l>y its greater solubility and lower melting point. 

'ParanitTobensaniWde, treated with poUiekdey, yields parani tranilino 
melting at 146°. Nascent convert,H5>amnitrobenzariilid« into a berizoyldi- 

amidobenzon e (m. p. 126°), which when treaUHl with potash yields piipadiamido- 
benzene melting at 140°. 

Orihonitrohenzanilide, treated vrfth potaek^ is converted intoorthonitranilioo 
melting at 67°. With nascent hydrogen it yields, not a benzoylatefl diumido-ben- 
zeue, but cT non-oxygenated base, called anhydrobenzoyl-diamidobensone, 

OH*— N 

sa 1 11 » convertible by the action of fuming nil ric acid into a nitro* 

NH — C— tffl* 
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compound, possossitig feeble basic properties, easily soluble in hot glacial acetic acid 
and alcohol, and crystallising from the latter in groups«of small needles melting at 
196°. This nitro- compound, heated with tin and hydrochloric acid, yields the bi-acid 

base I II (Hiibner a. Stover, Deut. Ckem, Ges, Ber, vii. 463, 1314). 

iJh C-C«H» t 

Meianitrohemanilide is prepared by digesting motjmitrobenzoic acid with 
aniline, and crystallising the product from water : 

C^H^CNO^^COOH + - H^O + C«H<(N02).C0.NH(C«H*) 

Engler a. Volkshauson {Lcut. Chcm, Ges. Ber. viii, 34). According to Hubner (ibid. 
ix. 774), it is formed, together with tbcf ortho- and para- niodifications, by the action of 
nitric acid on benziinilido, and may be separated by exhausting the crude product 
with chloroform, which dissolves the o- and w- derivatives, evaporating the solAion, 
and treating the residue*with boiling alcohol, which, as it cools, deposits first the meta- 
compound. 

Metanitrobouzanilide crystallises in colourless leaflets (E. and V.), in yellow 
needles (Hiibner). It dissolves easily in alcohol, ether, or benzene, and molts at 144®, 
while a higher temperature causes it to sublime in yellowish needles. By reduction 
with tin and hydnxjhloric acid, it is converted into metainidohenzanilide, 
t?‘H<(NH“).CO.NIT(C«ir'). • • 

This amidanilido crystallises from water in long white needles, easily soluble in 
alcohol and ether, and molting at 114°. When subject od to the further action of 
reducing agents, it does not yield a non-oxygenatod base analogous to that which 
.Stover obtiiinod from orthonitrobonzanilido. 

Hydrochloride of Mciamidohenzanilide^ is obtained in dazzling white 

needles by evaporation o*’ the solution of the base in hydrochloric acid. The platino- 
chloride is a yt'llow crystaUino precipibito. The sulphate forms colourless prisms 
moderately soluble in hot, loss soluble in cold water (Mngler a. Volkshauson). 

Dinitrobensanilide, C‘»IPN»0\ CHI '(N02)0.NH(C«H*N02) « 

C«U<(NO=').CO.NH(CHI*NO*), (McHugh, DaU. Clmm. Ges. Ber. vii. 126(>).»-Tlu8 
• compound is formed by the action of uitrobenzoyl chloriito on nitraniline in ethe^'oal 
solution ; • 

C“H*(N02).C0C1 + C«HXNO»).NIP = HCl + C«H*NO*.CONH(CHPNO*) ; 

also, a. cording to Kngler and Volksbauscn, by heating nitrobenzoic acid and para- 
nit raniliiie in molecular proportions. From the i)roduct of the first reaction it sepa- 
rates as a white powder, which may bo freed from the nitraniline hydrochloride 
HiimiUaneously formed, by means of boiling water, which dissolves the latter ; the 
insoluble residue is crystallised from amylic alcohol, in which it is much more soluble 
than in common alcohol. 

Dinitrobonzanilido molts at 187°, and is insoluble in ether, water, and dilute 
acids. By alcoholic ammonium sulphide it is converted into diam ido-benzanilide, 
C’Il^(NlP)0.4iin(C‘'H^NH’'^, which cryiitiM ises from alcohol in needles melting at 129*^. 
Nascent hydrogen (from tin and hydrochloricfVcid) appears to remove all the oxygen, 
forming a base, which probably lias the composition, C‘*N"H* NHl’(C*HH"(C^H-*)‘’ 

CMcHugli). 

Nitrobromobenzanilidcs. — When bromobenzaniildc is treated with fuming 
nitric aciti, tlio mono-nitro-coinpound, C*H®l5rNO".CO.NU(C«H^), is formed in small 
yellow laminw molting at 137°-138°, together with a smaller quantity of the diuitro- 
compound. C'»H-Br(NO»)«.CO.NH(C«n»). molting at 195®-196®. 

The mouonitro- compound, treated with tin and hyd^^odiloric acid, yields a base 

i r;*T{4 

apparently having the composition, C*H*BrNH.C j 

The kydrocJdoride of this base forms slender colourlfc^s needles, not very soluble 
in water. The nitrate separates in floqks sparingly soluble in W'ater. The snlphote 
crystallises in very small colourless needles very riightly soluble in water (Meinccke, 
I)ei(f. Chem. Ges. Ber. viii. 5G4). 

« C**IP, Physical Pnrperiies. — According to Adrioenz (Deut. Chem. 
Gfs. Ber. vi. 441), bonzone from coal tar boils at 8U*53®-80‘62® ; that prepared from 
benzoic acid at 80*60® — 80*67°. The same chemist has made the following <leterml- 
natioo of the specific gravity of benzene from benzoic acid at various temperatures ; 
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Temp. Sp. (tr. Temp. Sp. mr. Temp. Sp. isr. 

0^ 0*90023 • 0*86891 «0° 0*83042 

d® 0*89502 35® 0*86362 65® 0*83078 

10® 0*88982 40® 0*86829 70® 0*82505 

15® 0*88462 46® 0*86291 76® 0*81923 

20® 0*87940 50® ^ 0 84748 80® 0*81331 

25® 0*87147 55® ^ 0*84198 

The specific gravity of bcozono from coal'tnr oil was found to be 0*90122 and 
0*90129 at 0®. 

Fisati a. PateTii6 (Gass. chim. Ual. iv. 113) have made the follovring detormina- 
tions of the specific gravity of l>en 26 ne, obtained us a bye-product in the preparation of 
iicetophenono by distilling a mixture of the calcium salts of acetic and benzoic acids, 
and purified by washing with^vrater and with potash, and distillation over sodium ; 


Tomp. 

Kp. gr. 

Volume. 

0® 

0*899487 

1*00000 

150 

0 883573 

1*01801 

25® 

0 872627 

1 03078 

50® 

0*846170 

1 *06058 

75® 

0*818721 

1 *09865 


Th<y*cfrAotire index of benzene either from coal-t.ir oil or from benroic acid, for 
the sodium line, is 1*4957 ift 16 *2® (Adrioenz). 

Decompositions. 1. Heat. — The statements of Jtcrlhelot (l.»/ 201) re- 

specting the products obtained by passing i)enzi-iie vapour through a rt*d-hot tube, 
have been confirmed by Q . Schultz {Dcuf. Chem. Ges. Her. 1873, 415), so far as relates 
to the formation of diphenyl and of the bodies designattHl by Bertbolot as chrysene, 
benzeiyl-hrene, and bitumen©. Schultz also found para diphenyl -ben zone, 

-a which ho regards as identical w*ilh Bert helot's chrysono. lie 

did not succeed in isolating from the products of the action of heat on benzeno, a 
hydrocarbon identical ■with chrysene from ooal-tar. Bert helot, oii the other hand 
{BiUl. Hoc. Chi fa. [2], xxii. 437), rebrs to his ow'ii nhalysis for cojifirmation of the 
formula which he assigns to the chry*.ll*iie obtaincMl from benzene, viz. C*"!!'*, which 
is t^at of triphenylene, and points out tljiit tins hydrocarbon combines with 

picric acid, whonuis fcichulti/s diphcnj'lhenzeim doc*s not. • 

2. By the action of Ocoffc. — llouzeau a. Benard (Compt. rend, Ixxvi. 572), by 
treating benzene with o/onistnl oxygen, haA*o obt ained — tAigoUier witfi formic, acetic, 
and other acids — a gelatinous bixly, w’hioh dries up in a vacuum to a wliitu amorphous 
solid. Thi.s substance, enlbxl ozo ben zone, i.** very explosive, and dotonatos with 
great violence when struck or heatCMl, It decomposes rapidly, either on exposure to 
the air, or in an atratjsphore id cjirlsm dioxide, or in a vjumum, being converted into 
a glutinous mass, and aftcrw'ards into a yi Jlowish synipy liquid containing a large 
quantity of acetic acid. Ozol.icnzeno dissolves with decomposition in water, yielding 
formic, acetic, and u very soluble solid acid, wliieh turns brown on mldition of potash 
or .soda, and reduces silver nitrato oven in tho cold. At tho samu tinio tfiero is 
formed a fragrant substance winch has no a^d reactian, ^ 

3. Heaction with Bromnt, When 2«)(ii(ds. Ixiv/ene and 1 mol. >»nimal are mixed 
with about double the volume of strong sulphuric uci<l, d i ph ony 1-t r i brometh ane 
is protiuoed, and gnid'.nilly .separates from the mass, file reaction being ciimplettyl in 
tw*o or three days : 

2C'‘II“ + dijH.CIIO 11=0 + C’H{C*ie)=.ClJr*. 

Benzene and cliloral in like manner yield d iphenyl-t rich! orethano (O. Gold- 
schmiedt, Dent. Chem. Gee. Ber. vi. 986). 

4. With Monochloraldehydc. — When 2 mols. benzene and 1 mol. dichlorethyl oxide 
are agitated with strong sulphuric acid, tho cliloraldehyde produced by the action of 
the sulphuric acid on the dmhlorethyl oxide {2nd Suppl, 481) reacts on the benzene 
in such a manner as to prorluce diphcnyi-chloretliane : 

20H* + CH*Cl,CHO = 11*0 aiPCl.CH(C*H*)». 

The di phenyl -chlorethane thus formed is a pitchy substance which has not been 
obtained in a state fit for analysis, but evidence of its constitution is aftbrde<I by tho 
fact of its being resolved by dry distillation into hydrochloric acid and a body, 
CH* isomeric with stilbone (E. Hepp, Deni. Chem. Gee. Ber. vi. 1439). 

See DiPHmm- Compouxm. 

5. With Formaldehyde. — The product of this reaction is diphcnyl-methanet 
CH*(OH»)* (2»if auppUB 633). 
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Potasslam-bettxene (ALoljanz, Deut, Chem, Ges^Jier, ▼. 1027 ; ix. 10). When 
henzeno and potasaium aro heated together in sealed tubes to 240°-250°, a certain 
quantity of benzene is absorlx)d, and a dry, blue-black, crystalline, kidney-shaped 
mass is formed, insoluble in excess of benzene. In contact with air it takes lire 
almost instantly, burning with explosive violence* and emitting an odour like that of 
diphenyl. It reacts violently with ethyl brOTiide, with water, and with iodine dis- 
solved in benzene. 

On bringing it in contact with ethyl -bromide under a layer of benzene, reaction 
begins at ordinary temperatures, attended with rapid evolution of ethone gas and 
formation of a browu-red mass, which after a while envelopes the benzene- potas.^^iuru 
and prevents furtlier action : the decomposition may, however, bo completed by 
gentle heating in a w'ator-bath. Tho^brown-red mass consists of diphenyl-benzene, 
C"H‘‘(C‘‘JP)''', agreeing in character with that which Hieso obtained by the action of 
sodium on mono- and di-broinobonzeho {2nd Suppl. 945); m. p. 205. There i# als{) 
formed a small qusintity of an oily hydrocarbon having the composition 

In contact w'ith water under a layer of benzene, benzene-potassium also yields 
dijihonyl'borizono and the oil just mentioned, together with hydrogen and a sinail 
quantity of diphenyl. 

^I hose reactions show that benzene-potassium is not an addition- but a substitii- 
ti<<n -product. The formation of the several products may, indeed, bo explained by 
supposing that the benzeue-j^otassium is a mixture of the compounds C®H?IC and 
in the propoTti<in of 2 : 1 ; thus the principal reactions with ethyl bromide 
and with water may bo represented by the following equations : — 

^C«IPK- -f 2G*1VK) + 40='lI'Br = 4KBr + 2U2 + 

-h 2C'*IPK) + 4U‘-0 =- 4KOH + 211 ^ + C«H*(C«H»)2 

In tho second case, however, a small portion of the C‘'H’*K escapes the principal 
reaction, and is converted into diphenyl : 

2C«H»K + 2IPO ^ 2K011 -h II- + (C'*H'')=. 

As bonzono-potassiiim is a substitution-product, hydrogen must be eliminated in its 
formation : this hydrogen, however, does not assume tho gaseous form, but remains 
combiiB’d as potas.sium hydride, tho presence of whith nuw account for the explo^ivu 
♦ properties of the product. * 

Hydro genatlon of Benzene and Its Homolomies (F. Wreden, Liehufs, 
Anna fen, clxxxvii. 153). According to llertlielot, those hydrocarbons, when heated 
to hir ton to twenty-four hours wdth a saturated solution of hydriodic aci^l 

(sp. gr. 2*0) take up 8 atoms of hydrogen, and are converted into paraffins, eithe - 
coTitaining tho smtiio number of carbou-atoms as tho original hydrocarbon (benztjno 
into hexane, toUumo iiitx) heptane, cyineiio int.o docaiio, ^^e.) or simpler ones formed 
I herefrom by division (bs^ SappL 739). Wrodon, on the other hand, finds that the 
iiroiuatie hytlrocarbona troatcKi in this manner never tiiko up more than 6 atoms of 
hydrogen, the final products being hydrocarbons of the general formula 
isfimeric w ith the olefines. In their properties, however, those hydnjcarbons resemble 
tho parnffiiiB rather than the olefines, be^ng incapable of forming addition-produet.**, 
offiering greatfl*esistanco to*tho action of oxiijjsiiig agent.s, and yielding only to very 
powerful means of o.\idatioii, in which case tlie^nolocule splits up and the chief product.^ 
obtained ure carlsm dioxide aTid»wattir. 

Tho V)oiling pnints and specific gravities of those hoxhydrated aromatic liy.lro- 
c.'M'boiis are shown in tho following tablo: — ^ t* 


CMT- 

boiling |)4>int. 
(>9° 

}f|). gr. 0 0 Cr’, 

0'7fi 


0^11 

97^ 

0772 

9*758 at 2i)® 


118'’ 

0 781 

(^705 at 20° 

cm*" 

13;>°-138° 

(0-70) 



153'’-lo8" 

0-802 

1)-788 at 23° 


The specific gravitie.s exhibit a regular increase of O'Ol for a diffieroneo of ClI- in 
the formula ; tliat of hexhydromesitylen©' has not bovii directly cb.-^erved. 1ml is 

e.'ih'ulated according to this rate of increase. Tho boiling points of tlie last f air 
nr mbers of the series exhibit an average difference of 20'’. 

The structure of these hydrocarbons may be represented by closed benzene-rings, 
in which all tho carlxjn-atoTus are singly linked, as in hexbromide and hq^ehloridi- of 
benzono (l.v^ SttjtpL 19G). 

By fuming nitric acid or a mixture of nitric and sulphuric acids, these hy«lro- 
carbous are convertod into nilro-dertvatives of benzene and ita homologues, e.p. C^H‘ - 
into 6‘H\N0«C), into C»IP(NO’')*, into 0*TT*(NO»)* Arc., the rtartion 
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ooDsistinff first in removal of 6 atoms of hydrogen bj oxidation, wberebj tho 
hydrocarbon OH*® is cooTertod into an oidinary aromatic hydrocarbon, OH*®’*, and 
secondly in the replacement of on© or more atoms of hydrogen in this body by NO*. 

The tendency of a hydrocarbon of the benzene series to take np an additional 
number of hydrogoD>atoms appears increase witb the number of methyl -groups 
which itconttiins (perhaps generally Vi' h the number of its lateral chains); thus 
isoxylene, C’'11‘*, treated with hydriodic acid and amorphous phosphorus, is completely 
converted into C*H**, whereas benzene and toluene similarly treated undergo no 
alteration. 

By the regulated action of hydriodic acid (using weaker acid or stopping the action 
after a certain time) the hydrocRrlx>n, Oil may be made to take up only 4 or 2 
atoms of hydrogen ; isoxylene, for cxiimple, may be converted into tetrahydivKisoxylone 
&c. These incomplAely hydrogen istsd botlios n^somble the normal aromatic 
hydr^carlxins in their behaviour with oxidising agents, being converted thereby 

into aromatic acids, C"H*®"*0*, oonttiiningequal numbers of carbon-atoms, tetrahydro- 
isoxylene, for example, into toluic acid, 0*J1*0*. 

Orientatton In tlie Benaene sarlea (Kdrner, Gaze. chim. ital. iv. 
305-446). The determination of the relative positions of the substitutiKl mdicles in 
benzene-derivatives has hitherto l>een founded on the constitution of the throe phtlmlic 
acids, which is itself deduced from that of napbthatene, mesitylono, and quinone 
(Is^ St^ppL 198, 203. 2\2 ; J2nd SuppL 134). To this mode of treating the subject, 
however, exception may Vio taken on two grounds: 1. IbiCJiuso the rtMU’tioiis by which 
a di-derivative of benzene containing 6 atoms of enrUm is converted into a phthalic 
acid, or other derivative containing a greater number of carlxm-aUuns, are not suffici- 
ently simple and definite to atVoni a safe Imsis for determining the constitution of the 
6'CJirbon di-derivativi’.s. - 2, Because the structural formula* of mesitylene, naphtha- 
lene, and quinone. which have hitherto formed the basis of the entire theory relating 
to the structure of the benzene-derivatives, are by no moans established with certainty. 
Thus with regard to mesitylene. although it appears extremely prolxiblo, from its 
inode of formation, that it is a symmetricnlly constituttsi triinethylbenzeno, 3'ot its 
production from 3 mols. of acetone at a comparatively high tompeniture, accompanied 
as it is by the elimination of 3 mots, of water, justifies the doubt whether the reaction 
does not involve intramolocvlar change; and this doxibt acquires further justification 
when the nsture of the tribroinobcnzene from Wnzene hexbromitlo (i. 543) is considered. 
There is every reason to supjxjsc th:it in the latter compound the hexagonal nucleus 
is preserved, and tlml the 6 atoms of hydrogen and td bromine are symmetrically 
disclosed in the molccub' ; moreov<?r, it is converted inf o iribromobenzeno by a 
relatively vcr>' simple reaction. The most probable supposition with regard to this 
tribromobenzene would therefore appear to be that the three brr>mine-atoms are 
symmetrically disposed in the nr.anncr represented by figure I. ; but Korner finds that it 
unquestionably has the constitution given by figure II. ; 


Br 



HBr Br Tir 

Benzene hexbroraldo. Fii?. I. Flff, II. 


Objection may also be urged against Graebe’s conclusions as to the constitution 
of phthalic acid (isf Suppl. 2i2). His experimonts prove only that nai.hthHlene may 
be regarded as built up of two l>enzene-nuclci having 2 atoms of earlsm in common ; 
all speculation with regard to the relative positions of these two atoms of carbon is 
pure conjecture, and the coiiclusioiis as to the nature of phthalic acid are entirely 
dependent upr>n the kind of symlwl employ cjd to rei^resont naphthalene: that is to 
say, whether the two carlxm-atoms common to the two nuclei are assumod to be 
adjacent, as Graebo supposes, or non-adjacent. With regard to quinone, it is well 
known that Grael^*s original c^mclusions as to the relative positions of the oxygen- 
atoms have recently been shown to l>e entirely unwarranted by facts (2nd Suppl. 924), 
To avoid fihese sources of uncertainty, and to render the question of onentation 
independent — as far as possible— of hypotheses rc*speciing the structure of anjf 
parftcolar compounds, Kdrner has endeavoured to settle the constitution of the di- 
and tri- derivatives of be^lkene by a series at transformations in which only 6*earbon 
3rtf Sup, M 
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compounds are concerned, selecting in all cases the moat'simple and direct methods, 
and especially avoiding the use of reagents which give rise to violent changes likely 
to alter the molecular structure of the bodies concerned. 

The method in question consists mainly in studying the relations between the 
di-derivatives of benzene and the tri-derivati||e8 which may be produced from thoin. 
Thus by converting the three isomeric dibromobenzencs into the three possible tri- 
bromobenzenes and the six possiblo nitrodibromobenzenes, and by preparing the 
three dibromobenzencs from the six possible dibromami do benzenes or dibromani lines, 
the question of orientatitm may be completely resolved with regard to these several 
compounds, and therefore also with regard to all that are connected with them. This 
may be seen from the following table: — • 

• e 


Br 



ht 

I : 4 


Di1:>romobeiizeneB. 

Br 




1 : 3 


1 : 2 


Tribromobenzenes. 



Br 





1:8:4 


Nitro- and Amido-dibromobenzencs (X«NO* or NH*). 


Br 


Br 


Br 


Br 



j * 

1:3:4 1;S:« 1:2:3 1:2:4 



1 : 8:8 


This diagram shows : (1). That a para-derivative (1:4) can give rise to, and be 
derived from, only one tri-derivative, viz, the un symmetrical modification, 1 ; 2 ’ 4 
or 1 : 3 : 4. 

ortho-derivative (1 : 2) can give rise to, and be produced from, two 
tri-derivatives, viz. the consecutive 1:2:3, and the unsymmetrical 1:2:4. 

(3). That a motn-derivutive (1:3) can give rise to, and be formed from, all the 
three tri-derivatives, 1 : 2 : 3, 1 : 3 : 4, and 1:3:5. 

These conclusions, which are fully borne out by experiment, enable us to give 
definitions of the three classes of di-derivatives dep>eDding only on their relations to 
the tri-derivatives, and independent of all assumptions ba to the relative positions of 
tile substituted radicles ; thus : ** 

A di-derivative of bonreno is para-, ortho-, or meta-, according 
as it can give rise to, and be formed from, one, two, op three tri- 
derivatives. ^ 
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Bromobansenes. ^ Hoxob&oicobhnekkb, C*H*Br. — This oompoimd 
may be advantageously prepued by Uie action of bromic acid on benzene. 

When powdered potassium broraate (50 grams) and benzene (25-30 grams) are 
introduced into a flask half filled with sulphuric acid diluted with twice its weip[ht of 
water, and the flask is agitated, the bromate gradually dissolves, and the mixture 
becomes warm. After some time, provided the tempt'rature is not allowed to rise 
above 30°, the benzene is converted into a dense, colourless, oily boily which, when 
dried over calcium chloride and rectified, distils for the mc«st part at 165°, and has 
the composition and properties of monobroinobenzene. A little dibromobonzono 
is almost always formed at the same time, especially if the temperature rises too 
high, or excess of bromate is employed. With only slightly diluted sulphuric acid 
the products are entirely dififereat. 

In this reaction the oxygotfof the bronmte plays the part of one* half of the bromine 
in the process ustudly eniploytKi. To render available the oxygen present in the 
bromate in excess of that so acting, it is oidy necessary to add bromine and a corre- 
sponding quantity of benzene, in about the (troporiiun shown by the ec^uation : 

HBrO» + 2I5r- + 5CMI* - 6C‘HMlr + 3H-’0. 

Practically it is better to use rather less bromine and more bromate than are 
thus indicated. The yieM is 70 -80 per cent, of t he theoretical amount (Krafft, Deut, 
Chem. &e;s. Ber. viii. 104 1)., 

Propt*rti/’ji. — MonoV.romoV^enzono (prepiirtnl by the action of bromine on benzene) 
boils at 154 S6°-155*62°. Its rofraclivo ind<*x for the sodium line is 1551)6 at 16°. 
Its sp. gr. at diiforent tomporaturos is as follows: — 

Tomporature . . 0° 11*46° 20*96° 77 70° 

Sp. gr, . . . 1*51768 1*60230 1*48077 1*41163 

(Adrioenz, Dcut. Chem, Gea, Ber. vi. 441), 

BmuOMonKKZKN K, - Three modifications of this comjwund are known, 

two liquid at ordinary lempcriituros, the thiml solid and melting at 89° Suppl. 
139). Of the two liquid miHiificatioir , one, obtained by Kiose, together with the 
solid, by the action of broi.^ino on luMizciie, w’aa obsurvod l>y him to solidify at —27° 
in crystals which meltod at 1°; the other, which Moyor a. Htiiber obtained by 
treating ordinary dibromanilino (fiMin acetMiilido) with nitrous acid iind alcohol, 
do<'S not solidify even at —28°. 

Itecent experiments by Meyer (^Iieut, Chem. Ges, Ber. vii. 1660) have shown, how- 
ever, that the crystabs whicli separalo from HioBo’s liquid dibroinoboiizeno roally 
consist of tho crystalline isoinerid** (m. j>. 81°), and tliat by co<>ling strongly and 
carefully removing iho crystals which form, and repeating thoso operations six or 
eight times, a product is ultimately obtaiiKsl which no longer solidifies even at 
— 28° 

So far, then, the two liquid dibrornobenzenes obtained rcKpoctively fn>m benzene 
and from dibroraaniline, might bo sunposi-d Pj bo identical ; but that they arc really 
distinct modification.**, is shown by the cryhtalbjgmpbic examination of their mouo- 
nitrodorivatives, the nitrodibroniobeiizene (it p. 6u°-61°; pr^iiro*! from Meyer a. 
Stiibers dibrfjmobcnzerie cryKltilliMng i». small, four-sided, almost rectangular forms 
of the triclinic system, whereas the nitnKiibruiriobt'iizuno (m. p. 58°), obtained from 
Rieso’s dibromobenzone, ciystalUses in monocliriic forma (pp. 177, 1781. 

The orientation of the hromine^atonis in tliese three isomeric bodies was not, 
however, very satisfat'torily determined by the oxi-KjrimentH alx^ve mentioned. Tha 
dibromobenzene obtaintsl from dibromanilino was rtjcognisc^l as the rnota-m'xlifica' 
lion, because when treatcsl with chlorocarbonic ether and wxliura amalgam, it yielded 
bromobenzoic and i8r,phthalic acids (Wurster, Lvhi^'a Annafm, olxxiii. 146) ; but the 
crystallino inoclification was Regarded by Moyer os para-, by v. Richter as ortho- 
dibromobenzene (2n/f Suppl. 140), ^ 

The question haa, however, been completely dcUfrmincsd by the researches^ of 
Komer (Gas^. cAim. ital. iv. .i31), who has solvwl it, as alreftdy dcscribwl (p. 162), by 
examining the relations between the three dibromoUnzenes on the one liand, an^d 
the three tribromobenzeiies, mononitrcxlibromoU-n zones, and dibromani lines on the 
other, the result being that the solid dihrt>mof^enzene (m. p. 89 ) is the parfl-rocHlific^- 
tion, the liquid modification obtained from ordinary dibromaniline the meia-, and tb© 
liquid modification formed, together with the solid, by direct bromination of benzene, 
the or^Ao-modification. 

Preparation. — The three dibromobenzene* may be obtained in pure and definite 
form, either by the action of phosphorus pentabromide on the corresponding oxy- 
phenoU (hydroquinone, or by the diaao-rcoction from the corresponding oitraiii- 

M 2 
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lines (iv 430-438). The latter method is preferred, because the former, though 
more direct, involves the expenditure of a large quantity of costly material. 

The nitranilines are first converted into the corresponding diazonitrobenMnes, 
C*H*(NO®)N*, by treating the solutions of their nitrates with nitrous acid ; the diazo- 
compounds are converted by the action of bromine-water into perbromides, 
OH*N02.HBr* ; and these latter, docomposodtby boiling with alcohol, yield the cor- 
responding ni trobrom obenzenes : 

= N* + Br* + C«iI\NO*)Br. 

In this manner may be obtained : paranitrobromobenzene, melting at 125*6® ; meta-, 
at 54*6° ; ortho-, at 431®. 

Those corapounfls are reduced b^ tin and hydrochloric acid tobromanilines, 
which are distilled off with excess of potash, then converted into nitrates ; and the 
nitrates, finely pulverised and suspended in nitric acid, are treated with excess of 
nitrous acid; the resulting diazobromobenzenes are converted into perbromides 
by treatment with the calculated quantity of bromine dissolved in bromide of potas- 
sium ; and lastly, the perbromides finely pulverised, are converted into the corre- 
sponding dibromobenzenes, in the case of the para-derivative by boiling with 
absolute alcohol, in the cases of the meta- and ortho-derivatives (which do not 
yield pure products when thus treated), by distillation with sodium carbonate. The 
mixture of the perbromide with sodium carbonate requires special precautions, on 
account of the rapidity of the action which ensues. The best mode of proceeding is 
to half-fill with the pulverised carbonate a retort previously fitted to a very long 
condenser, then as quickly as possible add the perbromide, cover it up with a layer 
of carbonate, and immediately close the retort with the stopper. The retort is then 
shaken, so as tfi mix the materials, whereupon a violent action ensues, causing half 
the prtiduct to distil over at once, without the aid of heat. When this reaction is 
over, tlie retort must bo gradually he.'ited, and finally, to a rather high temperature. 

The products thus obtained are purified by washing with water from free bromine 
and small quantities of bromophonols, then distilled with aqueous vapour, dried with 
phosphoric anhydride, and rectified (Kdrner, Gazzetta, iv. 333). 

According to Wurstor a. Grubenmann {Deut, Ckcm, Ges. Bit, vii. 41 C), the nitro- 
bromohonzono required for the preparation of met{idibi;omobnnz©ne, is most readily 
obtiiined by the action of ethyl nitrite <m brumanilino (m. p. 104-6°). Acetanilfdo is 
brominatod by means of bromine- water, anci the dry bromo-derivative nitrated by 
dissolving it in a c(X>lod mixture of nitric ami sulphuric acid, and pouring the 
product into water. The nitrobromacotAnilido is then decomposed by heating it 
with a solution of sodium hydrate, and the bromoiiitranilino treated with nitrons ether. 
After removing a portion of the alcohol by distillation, the product is precipiTated 
by water, and the resulting bromonitrobonzono purified by pressure and repeated 
crystallisation from alcohol, and subsequent distillation in a current of steam. 

V. V. Richter {ibid, viii. 1426) observes that when bromine-water is added to the 
nitric acid solution of diazohenzeno at ordinary temperatures, the perbromide 
is precipitated as an oil which solidifies after a while, and yields a product con- 
sisting chiefly of dibromobenzene ; wljeroos if the bromine- water bo added to the 
diazo-compdaiid previously cooled with ice, the perbromide separates in yellow fiocks 
which yield, by decomposition with alcohol, scarcely anything but ^ribromobenzene. 
It appears, therefore, that in the latter case, the ditizobonzono perbromide undergoes 
further bromination by the action of bromine-water, which does not take place when 
the perbromide separates in the liquid form, « ‘ 

Paradihromohenzene{\ ; 4). — This modification, prepared either from parn- 
nitranilino in the mauncr just described, or by the action of pliosphonis pentabromide 
on parabroraophenol, is identical with that which Couper obtained by the action of brev 
mine on benzene »>r raonohromobenzeno. The simplest'way of preparing it is to heat 
benzene for several days with excess of bromine, till the mixture solidifies on cooling. 
The pwaluct may be decolorised by means of potash, th(^n recrystallised several times 
from Ijoiling alcohol, and afterwanls distilled. All the secondary products formed in 
the reaction remain in the mothor-liqxors, provided care has been taken to prevent 
the formation of large crystals. 

Paradibromobenzone forms perfectly white crystals melting at 89*3° and boiling 
at 218-6®, under a pressure of 757-7 mm. It sublimes, though very slowly, at ordi- 
nary temperatures, forming snlendid, strongly refracting crystals. It has a peculiar 
odour, recalling that of Mentha aquatica* It dissolves with difficulty ha cold alcohol, 
in considerably laimr quantity in hot alcohol and ether, and separates, especially by 
slow evaporation of a mixture of alcohol and ether, in well-defined djatals. Nitric 
acid of sp. gr. 1 *64 dissolves it slowly, at ordinary temperatures if it is in the state of 
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poirder, more quickly at a^^ntle heat, transforniiiig it in either i i into mono- 
nitro-paradibromobenzone, melting at 86*4'^ (Korner). 

Metadibromobenzene^ (1 : 3), is an oil of peculiar odour, quite diilerent from 
that of the para-compound. It remains liquid at -20*®, boils at 219*4°, under a pres- 
sure of 764*80 mm. ; has a sp. gr, of r466 at 18'6° (that of water at being taken 
for unity). It is quickly attacked by nitric acid of sp. gr. 1*4, provided the teiupe- 
rature of the air is not too low ; with wcuiker acid, a slight rise of temperature is 
necessaiy to start the action. The resulting solution gives with water a crystalline 
precipitate consisting of two mononitrodibromobonsenos, the more abundant melting 
at 61*6°, the other at 82°. 

Identical wilh this metadibromobenzene is *. (1) that which Meyer a. Stiiber 
obtained by the liction of ethjd nitrite on or<linarj'dibromanilino. which, in its t urn, may 
bo prepared either from dibromnoetanilide, or by reduction of the iiilroniotndibromo- 
benzepc, C®. Bril. Br.(NO*).H. II, which melts at 61*6°. (2) That which results from 

the reduction of symmetrical nitrodibromobcnzono (1:3:6), melting iit 104*6°, and 
treatment of the resulting diliromanilino with ethyl nitrite. (3) The nitroniotadi- 
bromobenzeno (1 ; 2 : 3), melting at 82*6 (which is itself formed from metadibromo- 
benzene), should also yield the same mtxlificaiion, but this conversion has not yotl>oon 
actually effeotod. 

Orthodihromoheneene (1 : 2). — This modidcation should bo identical with 
Riese’s •liquid dibromoben^eno, obtained, together with the para-compound, by the 
action of bromine on benzene. Accortling to Kdrncr, however, it cannot bo obtjiined 
pure by this prwess, and in fact, Hiese’s Htiitcinonts as to its boiling point and other 
physical properties differ considerably fri>m tlu>8e of Kiirner. According to Uiese, 
its Ijoiling point is between 212° and 216° (corr.'i, which is below that of the solid 
para- nuxlilicat ion (219°), whereas accortling to Kbriier it boils at 223° -2*24°. It 
crysudliscs at —6° and melts at — 1°. Its sp. gr. is great er than that of inetadibro- 
mobenzene, l>eing 2*003 at 0°, 1*997 at 17*6°, and 1*868 at 99°. Its refract ing pow'cr 
is also greater than that of the meta-compoiind, and its odtuir is totally ditfercut from 
tlioHo of the other two dibroniobenzenes. AVith the Ki.rongest nitric acid it yields a 
iiitro-product, U’hich solidifies but. slowly nod partially. 'Idle chief protluct. of the re- 
action, after repeated cryK‘ailisat::)ii from alcohol, nielt.H, in accordance w'ilh Kioso’s 
statement, at 67*8° (Kdrner). 

The following table exhibits a romparative view of the properties of Iho threo 
dil'romobeiizencH a.s dt^termined by Korner (coinparo Moyer's table, 2nr/ tSuppl. 139) : 


I broniolMjntcnes 

Mi’ltinK 

point 

Doitliig 

JfOlllt 

Mononltro-dorirsll vos 

Para{\ : 4); pruvluccd 

89° 

218*4° 

Yields a single mono- 

from pnranitranilino, iden- 

under 717 mm. at 

nitro-dorivalive melting at 

tical with that of Coupor. 

^ff^a ( J : .3) : from or- 
dinary di nitrobenzene pre- 
pared from metnnitrani- 
line ; identical with that 
whi<’h Mej^er a. Stiibor 
obtained from ordinary 

liquid at 

21*3° 

219*4° iindok 
764-8 mm. 

86*4°. 

Yields wilh nitric acid 
two moDonitrcH^eri vati ves, 
one melting at 61*0°, the 
other at 82*0°. There 

is also a third nitro- 
rneta^liljrornobenzine melt- 

dibrom uni line, and with 

• - 20° 

at 19° 

ing at *.04*5°, but not 

that which is derived 
from nitro<libromobenzeno 
melting at 104*6°. 

Ortho (1:2): from 
orthonitrobromobenzeno 

about — 1° 

223*8° 
under 761*64 

obtJiiiied by direct me- 
thods. 

Gives with nitric acid two 
mononit ro-deri vati VOS, the 

and orthonitraniline. 


mm. at 18*2° 

chief product melting at 
67*8. 


Brouiodobbnzbnbs, C*H^BrI (Kornsr, Gasz. chim. Hal. iv. 339). — The three 
modifications were prepared by the action of hydriodic acid on the diazo-compounds 
obtained from the corresponding monobromanilines ; the para- and ortho- modifica- 
tions also from the respective iodanilines, through the medium of the perbromides of 
the correspondtng diazo-^mpounds. 

ParahromiodobenzeTie^ O.Br.H.H.I.H*, crystallises in tables and prisms of pecu- 
liar odonr, distantly rcsqpibling that of paradibromobenzene. It is very slightly 
soluble in cold alc«jhoI, moderately soluble in hot alcohol, more soluble in ether. 
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From ft mixtoro of 1 mol. alcohol and 2 mol. ether, it *flep&rates in better-defined 
crystals, perfectly colourloss and transparent, not coloured by diffused daylight, but 
becoming coloured after prolonged exposure to the direct solar rays. It melts at 
91‘9® and boils at 26r6'*-25l-6° under a pressure of 754*44 mm. at 21*8®. Nitric 
acid acts on it with violence, even in presence g>f a very large quantity of acetic acid, 
the greater part of the iodine being liberated and replaced by NO*, so that the chief 
product is para-nitrohromobenzene. 

Metahromiodohemene^ O.Br.ll.I.H*, is a liquid, colourless when freshly prepared, 
hut acquiring a rose-colour in course of time, and having an odour somewhat like that 
of iodoboTizeno. Boils quite constantly at 252° under a pressure of 754*44 mm. at 
21*8°. It dissolves easily in tepid nitric acid of sp. gr. 1*54, without separation of 
iodine, yielding a mixture of nitro co^ipounds, the most^bundant of which is nitro- 
metabromiodobenzono, melting at 12fi;8°. 

OrtJiobromiodobcnzejie, C“.Br.l.H*, is a colourless liquid smelling like impure ^eta- 
diiodobenzono, and becoming coloured on exposure to the sun’s rays. Boils at 257*4° 
under 754*44 mm. at 21*8°. Nitric acid of sp. gr. 1*54, if free from lower oxides of 
nitrogen, dissolves it easily without separation of iodine, yielding a mononitro-deriva- 
tive. 

These throe bromiodobenzenes exhibit differences of boiling point almost exactly 
the sfimc as those of the corresponding dibromobonzenes ; the para- and mota-brom- 
iodobenzenes boil at nearly the same temperature, the meta- a little higher than 

the para-, and the ortho-derivative about 6° higher than tne meta- : 

DibrornobenzeDeH. Bromiodobenzenes. 

Para- . . 218*4° 251*6° 

Meta- . . 219*4° 2520° 

Ortho- . . 223*8° 257*4° 

TRiBttoMoniaNZKNKs, C*II*Br* (Kdmer, Gazzetta, iv. 401), — Of the three 
possible modifications of the tribromohenzones, viz. : 



Br 

i:3:4«i:2;4 1:2:3 i:8:6 

XTusymmetrioaL Ctonsecutlve. Symmetrical. 

one was prepared many years ago by Mitscherlich (i. 543) from benzene hexbro- 
inido, and subsequently by A. Mayer, liy the action of phosphoms pentabromido 
on ordinary dibromophonol Sttppl, 263), also by Griess from ordinary dibrom- 

anilino by substitution of bromine for the ammonia residue NH* {Ann. Ch. Pharm. 
cxxxvii. 22 ; a second has recently bt/on obtained by Korncr from dibromoparani- 

traniline ; and the third is d©F>;ribed by Ptiiber {Deut, Chem. Ges. Bar. iv. 961), as 
resulting from the action of ethyl nitrite on ordinary tribromanilino. 

By reference to the diagraifi on p. 162, it will bo seen that of these throe tribromo- 
benzencR, the first (I : 3 : 4 or I : 2 : 4) may bo deriv,od either of the three 

dibromol>onzonns ; tlic second (1 : 2 ; 3) from two, fiz. 1 : 3 or 1:2; tho third 
(1:3:5) fnuu only one, viz. 1:3. 

Tho coustitut ion of a tribromobenzono is thereforo known when tho number of 
nuxlificat ions of dibroinobonzono from which it may bo formed is determined. Another 
mode of determining tho constitution of those bodios ismrnishcd by tho study of their 
nitro-dorivativos. It is clear, indeed, that tho tribromobonzeno which is Ciipnble of 
furnishing three mononitro-derivatives, or can bo prodi^ced from either of these three, 
ayust huvo tho ennstitut ion 1:3:4. This modification is, in fact, contained in tho 
43fir(Ni following nitrobromobonzonos ^ 


Br Br Br 



Br 


Br 


Br 
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The tribromobenzene 1:2:3 gives rise to, and can be produced from, only two 
raononitro-dorivativofl, 


Br Br 



and with regard to the tribromobenzene. 1:3: 6, in which the three bromine- 

atoms arc arranged symmefricallj*. it is absolutely indifferent in which of the three 
ronu^ning places the group NO^ is introduced, the same nitrotribromobexucene resulting 
in each case, viz. 1 : 3 : 4 : 6 or — 


Br 



A third method of determining the structure of a tribromobenzene is based upon 
the following considerations. Of the six ptssiblo nitrudibronioV)enzoneH, three, and 
consequently the three dibromnnilinos prtKlucod by their reduction, belong to the 
Berip.s of derivatives having their replaced hydrogen -atoms in the positions 1:2:4 

(p. 162). 

Br NIT Br 



Br Br NH* 


On the other hand, two of the six nitrotribromobenzencs (p. 162), have their three 
bromine-atoms in the positions 1, 2, 3. If'mce it follows tliaT, the tribromobonzono 
formed from cither of these last nitro-dcrivatives by inverse replacement of the group 
NO^ must also be the consecutive nnslification 1 : 2 : 3 ; in like manner, the three 
dibroraani lines above figured n'ust lead, by juibetitution of Br for Nil*, to one and 
the same tribromobenzene 1:2:4. 

U nfti/mmetrical TribromoberiJ^ene* C*. Br.fl.Br.Br.il® — This is the modifica- 
tion which Mitscherlich obtained by the action of alkalis on the liez bromide of benzene, 
C*H*Br*, produc<Hi by the action of bromine f»n benzene in sunshine (i. 643). It has 
also been obtained by the action of p^iosphonis pentabromide on ordinary dibromo- 
phcnol (A. 3Iaypr, Ann. Ch, Pharm. cxxxvii. 224) ; and Ijy the di azo-reaction from 
ordinary di))romanilino (Griess, Phil. I'ranti. cliv. 067). This last mtxlo of formation 
determines its constitution. For onlinaiy dibzomanilino may bo formed either from 
ort.ho- or from para-bromuri'iline, by converting either of these bases into bromacet- 
anilide by the action of a large excess of aox'tyl chloride, treating the resulting 
cry.^talliriB mass under water with bromine (1 mol.), whereby it is converted into 
dibromacetanilide, saponif^ng this prorJuct, and distilling in a current of steam. 
The bromaniline thus obtaineri must fmve onf. of its bromine-atoms in the ortho- asd 
the other in the para-po.sition with reganl to the Nil®, and consequently its two 
bromine-atoms in the with regard to each other — that is to say, it must 

hfive the constitution 1:2:4 (NH* in 1), or 1 : 3 : 4 (Br in 1), 

• The nnsj^nmetrical tri-derIvntiTf* of benzene, having two of their Bnbstituted rwUcles Is the 
position 1 : 4, may also be oanircoi«>ntly disfUnffalJihed by the prefix para ; the symmetrical. In whleb 
all three of these radidea are to one another in the position 1 : 8, fay the prefix mrta ; and ths oon- 
•ecutive, by the prefix 
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OrthoteoniMiiliiie^ 


NH* 



Br 


Ordinary 

dibromanUlne. 


NH* 



Br 

Pambromanilfne. 


Henee also the tribromobenzeo^ fonfted from this dibrctaaniline, by substitution of 
Br for NH®, must have the constitution 1 : 8 : 4, or 1 : 2 : 4, its three b^omine>atoms 
being respectivoljr in the positions 1 : 2, 1 : 3, and 1 : 4, with regard to each oth%r. 

To prepare this compound from dibromaniline, the nitrate of that base suspended 
in somewhat dilute nitric acid is subjected to the action of a strong current of nitrous 
acid, till it is completely dissolved, and the resulting solution of diazo-bromobenzene, 
largely diluted with water, is mixed with a solution of bromine (in calculated quantity 
and in the form of potassium bromide) in hydrobromic acid ; and the yellow per- 
bromide thus obtained, after being washed with water, drained on a porous tile, and 
dried, is distilled with a large excess of sodium carbonate.* By washing the product 
with water, distilling at first in a current of steam, and then aJone, and diying with 
phosphoric anhydride, the tribromobenzene is obtained as a liquid which boils at 
276°-276^, and solidifies on cooling to a white crystalline mass composed of small 
needles. 

This tribromobenzene molts at 44*^, and boils at 275°, sublimes even at ordinaiy 
temperatures ; dissolves with difficulty in alcohol even when warmed. Nitric acid 
of ap. gr. 1*64 dissolves it, even at ordinary temperatures, forming two mononitro- 
derivatives, the most abundant of which molts nt 93*&°. 

Since ordinary dibromanilintf may be formed by reduction of nitrometadibromo* 
benzene, which is a derivative of metadibroinobenzeno, the above^described pro* 
paration of Mitscherlich's tribromobenzene from erdinary dibromaniline, may be 
•regarded as a transformation of metadibromobenzene effected by the (indirect) inlro* 
duction of a third atom of bromine ; and the tribromobenzene in question may be 
designated as brom o> metadibromobenzene. 

The same tribromobenzene may also be obtained by precisely similar transforma- 
tione, from ortho-dibromobenzene, and from pira-dibromobenzeue, and may accord- 
ingly be regarded either as bromo-ortho- or as bromo-para-dibromobenzene ; 
and its derivation from either of the three modifications of dibromobenzene affords 
an additional proof that it belongs to the series of benzeoe-dorivatives represented by 
the formula 1:3:4. The same conclusion may also be drawn respecting the three 
nitrodibromoboDzenes employed in its pref>aration, and respecting the corresponding 
dibromanilinos and nitro-bromanilines. 

Consecutive Tribromobenzene, C®.Br.Br.Br.H*. — This modification 
is obtained •by a series of transformations from dibromoparanitraniline, 
C*,Br.NH®.Br.H.NO®.H, molting at 202*6°/ This base, treated by the diazore- 
action, yields a nitrotribroraoVenzene, *C*.Br.Br.Br.H.NO®.H, which, by reduction 
of the group NO®, and replacement of the resulting group NH* by hydrogen (by the 
action of etnyl nitrite) yields consecutive tribromobenzqpe. This series of transfor- 
mations is more cldarly represented by the foftowing formulae : — 


NO* NO* NH* 



The tribromobenzene distilled with steam and purified by ezystallisation irom 
^obhol forms large rhombic tablets, perfeetly transparent ftnd oolourless, having a 
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■troQg lustre, bat l<ijpng Uieir tranepareacnr when expoeed to t&e ib. Itmtlts 
at 87 ’4^* eablimee easily, duSolves in nitrio acid of ip. gr. 1*49, and separatee on- 
altered on addition of water. By prolongiMl heating with nitrio acid of sp. gr. 1*64 it 
is eonTorted into a nitro-oompound. 

The structure of this tri^mobenme may also be demonstrated in the following 
manner. The dibromoparanitraniline nom which it is derived has its two bromine* 
atoms relatively in the position 1 : 6. Now, as this same dibromoparanitraniline 
may also be prepared from nitro-orthobromaniline (derived from nitro-orthodibiomo* 
bensene, C*.NO*.H.Br.Br.H*, and reeonvertible into the latter, it follows that 
at least one of its two bromine-atoms must be in the ortho-position with regard 
to the NH*; and since the bromine introduced in place of the residue NH* neces- 
sarily takes the place of this residue, it follows that this third atom of bromine must 
likewise occupy ortho-pdsition with regard \o at least one of the bromine-atoms 
alrea^ exisung in the dibromoparanitranUins. The nitro-tribromobenzeno thus pro- 
duce^wili therefore have the structure 1:3:4: 5: — 


NO« 




Br NH* 

Kitro-orthodl- Nitro-ortho- 

bromobexuseoe. hromaoiliee. 



NU“ Bt 

Dlbromopara- Nitro-orChotrt- 

nitraxxlLuke. bromobenwne. 


Moreover, since the reduction of the group NO^ to NH*, and the replacement of the 
latter by hydrogen cannot alter the positions of the three bromine* atoms, it follows 
that the resulting tribromobenzene will have its three bromine-atoms in the position 
3 : 4 : 5 or 1 ; 2 : 3. 

Symmetrical Tribromobeneene, C*.Br.H.Br.H.Ilr.H.— This, which is the 
only remaining formula pnasible f?r a tribromobenzene, must ovidoiitly belong to the 
modidcation which Stubor /ibUined by the action of ethyl nitrite on ordinary tri- , 
bromaniline, prepared by treating aniline hydrochloride with bromine {JOeut Chsm, 
Ges. Ber. iv. 96). The reaction begins in the cold and is completed by warming. 
The cooled solution subsequently deposits the tribromobenzene in the form of long 


above 278® (Kbriier). 

The same tribromobenzene may be prepared from the dibromaniline (m. p. 66'6®) 
obtained by reduction of nitrometadibrombbenzone (p. 177). The nitrate of this 
dibromaniline is converted by nitrous acid into the corresponding diuo-com pound, 


of tri-derivatives 1:3:5. 

According to Kdrrer, dilute nitric acid does pot act on symmetric tribroniobenzene, 
and nitric acid of sp. gr. 154 converts it at once into a dinitro-compound. According 
to C. L. Jackson, on the otbe^and Ckem. Gee. Ber, viii. 1172), this tribromo- 

beosene is converted by fuming nitric acid into a moaonitro-componnd, and by a 
mixture of fuming nitric and strong sulphuric acid into a dinitro-compound (p. 181). 

Tbtbabbomobbvebnbs, possible modifieatioDS are 

represented by the foUowing^ormulae 



(TtuynwietricsL BjmmetrlosL 

i:3;4:6 1:3^4: 6 



Conseeutlviu 

i:2:0:4 
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■ TTniuvmttrital litrabnmobeneene is produced ; (1). action of PBr* <m o^ 

naiy tpibromophenol melting at 96^ Suppl, 263)/‘W'hieh has the constitution 
0»*0H.Br.H.Br.H.Br (see table, 27ki Sujtpl. 929), and will therefore yield, by substi- 
tntion of Br for OH, a tetrsbromobenzene represented by the first of the aboTo figure 
(1 : 2 : 4 : 6, or 1 : 8 : 4 : 6).— (2). By substilntion of Br for NH® in ordinary tri- 
Dromaniline, C*.NH®.H.Br.Br-Br.H. This may be effected by passing nitrous acid 
Tapour into glacial acotic acid in which tribromaniline is suspended till the latter is 
dissolyed, and treating the resulting diazo-compound with concentrated hydrobromic 
acid, whereby the liquid is converted into a magma of ^stals of diazo-tribromo- 
henzene bromide; and this when boiled with more glacial acetic acid, as long as 
nitrogen continues to be given off, yields crystals of tetrabromobenzene, which may 
be purified by crystallis* Ltion. The conversion is, however, most simply effected by 
mixing strong hydrobromic acid with tribromaniline ^nd glacial acetic acid, and 
passing nitrous gas into the warm mixture till nitrogen is no longer evolved. 

Unsymmotrical tetrabromobenzene crystallises in long needles, very spallingly 
soluble in alcohol and melting at 98*/)^. Heated with nitric acid of sp. gr. 1*50, it 
3rields pure mononitrotetrabromobenzene, C*.Br.NO® Br.Br.Br.H, which crystallises 
from alcohol in prisms melting at 96^; with acid of sp. gr. 1*52 it yields a mixtttre 
of mono- and dinitro-compounds ; and with acid of sp. gr. 1*54, pure dinitrotetra- 
bromobenzene, C*.Br.NO*.Br.Br.Br-NO®, which crystallises from benzene in large 
prisms melting at 227*^-228^, and is deposited from boiling alcohol as n crystalline 
powder (V. v. Richter, Dent, Chem, Gee, Ber, viii. 142^7^eoalso Wurstera. Rdlting, 
ibid. vii. 1564). 

3. Another modification of tetrabromobenzene, melting at 160°, according to 
Riche a. B5rard, at 137°-140° according to Kokul5 (iv. 414), is obtained by heating 
benzene, paradibromobcnzene, or (1 : 2 ; 4) tribromobenzene with bromine. Now 
either of toese compounds might yield, by further bromination, either the consecutive 
or the symmetrical modifcation of tetrabromobenzene, or both together ; hence it is 
impossible to determine the constitution of this modificjition from its mode of forma- 
tion ; and no reaction by which the question might be settled appears to have been 
yet discovered. On the other hand, the wide difference between the boiling points, 
given by Kekul5 and by Kocho a. B5rard, seeifts to indicate that the methods of pre- 
paration above given may actually give rise to tw6 different modifications of tetra- 
• nromobenzeno. ’ 

Pbntabromobbnzbnb, C*HBr*, produced, together with uns 3 rmmetrical tetra- 
bromobenzeno, by heating nitro- or di nitrobenzene with bromine to 200°, forms silky 
needles melting above 240° (Is^ Suppl. 263). 

Hbxbbomoubnzrnb, C*Br® (E. Gessner, Dent. Chem, Ges. Ber. ix. 1505). — 
This compound is obtained by the action of iodised bromine on benzene, toluene, or 
azobenzone. 

1. Iodised bromine is dropped into ccjolod benzene, whereupon a brisk evolution 
of hydrobromic acid takes place ; and nie resulting crystallised mass is heated by 
small portions in sealed tubes, first to 80°-100° till but little hydrogen bromide 
escapes on opening the tubes, then gradually to higher temperatures, and finally, for 
twenty to thirty hours, at«260°-400°. S?ho product is then digested with soda-ley to 
remove free bromine and iodine, recrystalMsed from boiling toluene, washed with 
alcohol, and sublimed between ^watch-glasses. 

2. Toluene, treated wiUi iodiscll bromine in the manner above described, is 
resolved into perbyomobenzone, perbromomeyiano, and 4<ydrobroroic acid : 

Oilmen* + OBr® = C®Bi» + CBr* + 8HBr. 


The product obtained at 260° consists of quadratic laminse, which at a higher 
temperature are converted into needles, and on treating* this last product with Sta- 
ley, to remove iwlino and excess of bromine, and then distilling it with water, a small 
quantity of crystalline substance passes over consi-stin^ of perbromomethanc, and a 
residue is left consisting of hexbromobentene. As the quantity of perbromomethane 
obtained was but small, it is probable that the greater portion of this compound formed 
in the first instance had been subsequently converted into hexbromobenzene : 
60:fc«-C®Br*-i-9Br*. 

* ^ Aiob e D z e n e, mixed with bromine, becomes hot without at first giving off any 
|nui ; after a while, however, especially on addition of a little iodine, a violent evolu- 
5 dp of hydrogen bromide takes place. On heating the mixture to M0° and then 
leaving it to cool, the product solidifies in a mass of slender needles, and by raising 
the temperature to 300°, afterwards to 360°, and maintaining this latter temperature 
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far hoam, nmAj the whdp ii ecAWted into hexhromolMBMBO. teio- 

tion in : * 

0*H^N=N*OH» + llBi* - 20«Bi< + lOHBr + N*. ' 

The crude product is pwfied by crystaUisation from toluene and chloroform. 

Hexbroxnobenzene is Teiy xnuch^yke hexehlorobenzene, but its melting Mini is 
much higher, vis., above 810® ; on the other hand, it burns mudi more readily than 
the chlorinated derivative ; but if the air be excluded, it sustains a moderate red heat 
without alteration. It dissolves with moderate facility in boiling benxene and toluene, 
more readily in boiling aniline and oil of turpentine, with difficulty in boiling ligrolb, 
glacial acetic acid, and chloroform, and ciyataUises from all these solutions in bMUti* 
ful white needles ; the finest crystals, having the form of long, shining needles, are 
obtained from a saturated ^solution in hot chloroform. In alcohol and ether it is 
almost insoluble. It sublimes with moderate facility in plumose tufts of needles 
somgtimes an inch long. 


OlilorolreaseneB* Mono cu lo robbn eb xk, is formed, together 

with benzene sulphochloride and thionyl chloride, by distilling potassium bonEene>aul» 
pbonate with an equal weight of phosphorus pentachlorido. The quantity of monochloro- 
benzene obtained, increases with the proportion of phosphorus pontaohloride used, and 
when the benzene sulphochloride is heated with the pentachloride for some hours in 
sealed tubes to 2()0®-.210®, it is completely decomposed, according to the equation : 

• c*H*so»of*+ pci» - poci> + soca* + c*ii*a ’ 

(Barbaglta a. Kekul6, Deut, Chtm. Ges. Ber. v. 87^0* 

The boiling points, refractive indices, and specific gravities of monochlorobensene, 
prepared from benzene and from phenol, have been determined by Adrieanz {DetU, 
Ckem, Ges, Bcr, vi. 441), with the following results: — 


Boiling point (at 760 mm.) . 

Index of refraction for socuum lime 
Specific gravity at • . . 


from Bonseno from Phenol 

131*6®— 13107 132*4®— 132-68 

1*528 1*6266 

0® M2856 at 0® 1*12818 

9*79® 1*11807 „ 12*93® M1421 

22*43® 1 10487 „ 20*96® M0677 

77*27® 1*04428 78*16® 1*04299 

^ icKLOROBBKZBKR, OHK3*. The ,86Voral modifications of this oomMuna 
are formed from the corresponding monocblorophonols by the action of phos^orus 
pentachloride : 

+ PCI* = POCl* + Ha + 


Ortho^ichlorohensenef thus prepared, is a liquid which does not solidify at 
— 14®, boils at 179® (thermotheter in the vatxiur), and has a density of 1*8278 at 0®. 
With fnming nitric acid it yields two nitro-depivatives, C*H*(NO’)Cl*, one liquid, the 
other ciystallising in needles which melt al 43®. It unites at 210® witb fuming sul- 
phuric acid, forminga sulpho-iwid, whose barium salt, (OH*CPSO*)’Ba + 2H*0, cpys- 
talliaes in rhombic plates. It. is also formed, together with the para-modification, by 
direct chlorination of benzene (Beilstein K Kurbatow, €)eul. Chsm, ^Ges. Ber, vii. 
1398, 1769). 

Metadicklorobenzene, C*.CLH.CI.H*, may be prepared: (1.) By transform* 
ing the nitrate of motanitraniline obtained from ordinary dinitrobenzene, into the 
corresponding diazo-compc'yid, and adding to the solution properly diluted with 
water, an excess of platioic chloriderwhereby a light orango-ydlow precipitate U 
formed ; and this, when dried, and distilled with sodium carbonate, yields roetanittC* 
chlorobenzene, which may be freed by washing with aqueous potash from a sniall 
quantity of a phenolic px^uct formed at the same time, then distilled with steam, 
and finally purified by two ciy-stallisations from alcohol. By reduction it yields an 
oily xnetacmloranilino, which does not solidify when cooled W snow. On treating the 
nitrate of this base with a mpid current of nitrous acid, and precipitating the result- 
ing solution of diazo-chlorobenzene with platinic chloride, after dilution with water, a 
precipitate of diazo- chlorobenzene platinocHloride is obtained, which, when washed 
with water, dried, and distilled with sodium carbonate, yields metadichlorobemtis : 

2 ( 0 *H»ciN*Ha).Ptci* - acfRKJi* -I. Pt + + N*. If . 

The disrillate is washed with potash, distilled with vapour of water, dried wjtli 
phosphorie ftnhydride, and finally snljected to fractional distillstiott. * \ , 

2. Ordinary dichloraailtne, preparw by the action of chlorine pn acetanilide, atid 
distillation of the resulting dichloracetaniiide with potash (tv. 440), is convert bj 
the acUon of ethyl nitAte into metardich|orob«ozene, identical with that prepared hj 
the first method (Komcr, Oa£9. chim, Ual. iv. 341). 
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MatadidilofobeDaEeiid if a eolotirlf ss oil* haTiiff an odp^r nmilar to that of uota- 
dibrot^obenzene, but somewhat more powerfol. It boils* at 172*1*’ under a pressure 
of 742*40 mm. at 16® (Komer), at 171®-172® (Beilstein a^Xurbatow), at 170®-171*^ 
(Witt), and does not solidify in a mixture of ice and salt. Kitric add of sp. 1*62 
atta(^ it violently, forming a mixture of nitjp^compounds, the chief of which is a 
dinltro-metadichlorobenzene. With weaker nitric acid a mononitro-dichlorobenzene 
if obtained, which melts at 82-2° (p. 185), (Komer). 

Paradichlorohengenet G*.G1.H.H.C8.H? (Barbaglia a. Kekul^ Chem. 

Ges, Ber, v. 876 ; Kekul4, ilfid, vi. 943 ; Beilstein a. Kurbatow, vii. 1396, 1759 ; 
Komer, Gaz 0 . chim, ital. iv. 342). 

This modification is formed: (1.) By direct chlorination of benzene in presence of 
a small quantity of iodine, the product^hus obtained being purified by treatment with 
potash, distillation with steam, drying with phosphoric anhydride and fractional 
distillation. As thus prepared, however, it always retains a small quantity of 
iodine (Korner). 

According to Aronheim (Deut. Chem. Gee. Ber. viii. 1400), the chlorination of the 
benzene -is greatly facilitate by the presence of about 1 per cent, of molybdenum 
pentachloridef much more indeed than by iodine. The chlorine is then rapidly absorbed, 
and, after the removal of hydrochloric acid and molybdenum pentachloride by washing 
with water, the whole of the benzene is found to be converted into crystalline 
diehlorobenzene, mixed with only a small quantity of oiljt^quid consisting of dr* and 
tri'Chlorobenzenes. 2. By the action of phosphorus penta^oride on parachlorophenol 
(Beilstein a. Kurbatow). 

3. By heating chlorophenylphosphoric chloride with phosphorus pentachloride : 

POa*(OC«H*Gl) + PCI* « 2POC1* + C-H^CP. 

Hence it is formed in the action of POP on chlorophenylphosphoric acid, the first 
product of which is chlorophenylphosphoric chloride, and is also found in considerable 
quantity among the products obtained by heating the potassium salt of phenolpara* 
sulphonio acid with phosphorus pentachloride, the direct product of which is also 
chlorophenylphosphoric chloride.* On rectifying the product of this reaction, nothing 
but thion^l chloride and phosphorus oxychlori^ passes over at 60®~120®, while the 
high-boiling portion consists of an oil from which Chlorophenylphosphoric chloride 
cnay be obtained by fractional distillation, the intermediate portions yielding by 
decomposition with water a large quantky of diehlorobenzene, together with phos- 
phoric, hydrochloric, and monochloropheuolphosphoricacid, which dissolve in the water 
(KekuU). 

Faradichlorobenzone obtained by either of these processes is solid at ordinary 
temperatures, molts at 53® and bolls at 172® (Beilstein a. Kurbatow), at 173*2® under 
a pressure of 767‘6 mm. (Komer). 

In the direct chlorination of benzene, a small quantity of a liquid diehlorobenzene 
is obtained, consisting of a mixture of the ortho- and para-modifications. On treating 
this liquid with moderately strong fuming sulphuric acid, the ortho-modification is 
readily dissolved, whilst the para-dichlorobenzeno, which unites but slowly with the 
Acid and only after prolonged heating, crystallises out on mixing the solution with 
water. The liquid freed frmn excess of lulphuric acid by baryta, and heated in an 
oil-bath, gives off ortho-dichlorobenzene, whiclf, after washing with water and distil- 
lation, l^ils constantly at 179®, and is converted by nitric acid into dichloronitroben- 
cene melting at 43® (Beilstein a. Kurbatow). 


PARAGHiiORoqRoiioBHNZBNB, C*.Cl.!^H.Br.H*. •’Prepared. — 1. By decom- 
the plalinochloride of diazobromobenzene, obtained from octohedral bromani- 
2* By decomposing the perbromide of diazochlorobenzene, prepared from octo- 
hemud chloranilino. 3. By boiling pure monochlorobenzene witn excess of bromine 
till mixture crystallises on cooling. The products thus obtained are absolutely 
identical, melting at 67*4®, and boiling at 196*3®, under a pressure of 766*12 mm. at 
19*6®. In other respects this chlorobromobenzene exactly resembles paradibromo- 
benzene (Korner, Oaezetta, iv. 342). ^ 

0 KX.OBio]>OBRNZB 2 CBa. — The yMrB-modificatioB, prepared by 

the diaso- zeaetiou from para-chloraniline, cxystallises in large colourless prisms and 
4abl||L having a peculiar odour, and much more soluble in alcohol than parabrom- 
iodobCzene. 'After drying with phosphoric anhydride, it boils constantly at 227'6®, 
under a jireMire of 761*26 mm. at 27®» When treated with nitric add it yields only 
.a small quality of nitro-parachloriodobenzene, other compounds being fiftmed at the 
*8ame time, with eQpaination of iodine (Komer, ihid. 343). According to Beilstein a. 
Kurbatow, it meltrdt 66*67®. and boils at 226®-227®. 

Orthoehtoriodobenseue, C*.C1JLH^ j^pared in like nianner from pure ortho- 
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oUoxanilme (freed from the |Mm-iB|difieetlo& l^meeiuiof hjdrooblorie eeid, whioh 
disBQlves chiefly the latter;, is a oolomrlsM oil smelling like iodohenaene, and boiling 
above 233® (Komer). at 229®-280®, and having a ep. gr. of 1-928 at 84*8® (Beilstein 
a. Knrbatow). Kitric add converts it into nitro-iodobensene, without separation of 
iodine (Kdrner). 

TRicHi.oRoBnlraBKBB, C3*H*Cl* (Beilstein a. Knrbatow, Dmt. CAem* JBsr, 
X. 270). — 1, Unaymmetrical (1:2; 4). — ^This modification was first prepared in the 
pure state by Jun^eisch, who obtained it by ^rect chlorination of bensene (2«id 
141). It may also be prepared by the action of PCI* on dichlorophenol, C*.OH.GI.H.di.^ 
(m.p. 42®-43®), and from either of the dichloranilines. 1:2:4 and 1:3:4 (NH* in 
1). by replacing the NH* with chlorine. It melu at 16® and boils at 218® (tbemo- 
xneter in the vapour). By^solntion in strong jnitric acid, it is converted into nitro- 
trichlorobenzene (m.p. 68®), which yields a tri^oraniline melting at 96®-96® 

• Cl Cl Cl 



The aulpho-acidt C*HK!l*.SO*H, obtained by beating this tri chlorobenzene with 
fuming sulphuric acid, forms barium, calcium, and lead salts, which crystallise in 
needles containing 2H^O, e.g. (C«H*Cl‘SO»)*Ba+ 2H*0. 

2. Symmetrical (1:3; 6), — Formed by treating ordinary trichloranilins 
1 : 2 : 4 : 6 (NH* in 1) with ethyl nitrite (Komer; Beilstein a. Kurlmtow). It melts 
at 63*5® and boils at 208*5® (bar. at 763 8 mm.; thermometer in the va]^ur). Dis- 
solves sparingly in alcohol and in acetic acid of 50 per cent., easily in ether, light 
petroleum, carbon disulphide and benzene. By nitration it is converted into 
C*.NO».Cl.H.Cl,H.Cl, melting at 68®. 

8. Consecutive (1:2: 3J.-<h-MetachlorHcotamlido (1 mol.) treated with chlorine 
(2 mols.), yields the acetyl •derivatives of two isomeric trichloranilines easily sepmbl^ 
by their difleront solubility in 50 per cent, ^acet ic acid. The less soluble consists oz 
the acetyl-derivative of the tri chlorani line with unsymmotricall^ distributed chlorine- 
ntoms, the more soluble of that with coaseciitively placed chlorine atoms : / 


XH* 


NIT 


NH* 



The acetyl-derivatives boiled with caustic soda yield the corres^nding tricblorani- 
lines, the second of which is oonvertad by ethyl nitrite into oonsecuttve trichlorohsnzens, 
lixis trichlorobenzeno melts at 68®-64® and boiIs*at 218®“2l9. From alcohol, in 


which it is somewhat 
derivative, C*.NO*.Cl-Cl.t;i 


soluble, it crystallises in large tables. Its nitro- 
. forms rie^os having a silky lustre apd melting at 
66®->d6®, convertible by reduction into trichloraniline with consecutive chlorine?a Ui|feS t- 
( Beilstein a. Kurbatow). , 


XSTBSCHLOSOBKNZUBS, C*H*C1*. — 1. Symmetrical (1:2:4: 5). — This, 
which is the ordiuaiy modification, melts, according to Jungflcisch, at 139®, and boils 
at 240®. Beilstein a, Kurbatow obtain it from unsymmetrical trichlorobenzene 
(I : 2 : 4), by converting Ahis compound into nitro-trichlorobenzene, 1 ; 2 : 4 ; 5 
(NO* in 5), and the corresponding trichloraniline (m.p. 95®->96®), and replacing the 
NH*, by chlorine : — * 

a a a 



Cl 


^ a 





B] 


BS <NITBa). 

H* - + C*'H>WK> 


in 


CHWO* + C*H' 



C“H“1TO + 0*H‘NH» - HK) + C“H'*N». 

Aaodiplway WiMntno . 

The second of these emotions has bee# Tended hy direct experiment. At high tem- 
peratures in sealed tubes, ammonia is eliminated and triphonylene-diamine is formed 
as above (v, Dechens a. Wichelhaus, ChetH. Get. Ser, viii. 1609). 

Binituobbnzbnb, C*H^N0*)^ TRinne a. Zincke, Deui. Ckem, Oes. Ber, vii. 860 ; 
Korner, Gaze. chim. Hat. iv. 364). — The dinitrobenzene obtained in the ordinaij iraj * 
by treating benzene or mouonitrobenzene with fuming nitric arid, is a mixture at 
three isomer ides, the most abundant being tha ordinary dinitrobenzene, which orys- 
tallises from alcohol in neoales or laminse, melting, according to most authorities, at 
86^. This modification, formerly regarded as para-, has subsequently been shown to 
consist of mrm>dinitrobenzene (2nd SuppL 924\ 

To prepare pure metsdinitrobenzene, Korner proceeds as follows : Purs cmtalli- 
sable mono nitrobenzene is gradually added, without cooling, to a mixture of e(|aal 
volumes of nitric acid (sp. gr. 1*54) and fuming sulphuric acid in quantity sufiSnient 
to dissolve it completely. The whole is then heated from twelve to fourteen h^M in 
covered fiasks, till a sample of the oily product which separates on the surfim fplidi* 
fies oi^oooling. The mixtu»h^is then poured in a thin jet, and with constant agttmon, 
into a very huge quantit^^f water; the product, which separates in a fine elate 
of dzriszon, is collected after a while'in largo funnels without filters,* and the greater 
part of the remaining nitric acid is removoil by washing with water under a tap. The 
crude dinitrobenzeno is then pulverised and thoroughly washed in a displacement 
apparatus, ultimately with distilled w'ator. The product is then dried and dissolved 
in a largo quantity of boiling alcohol, and the solution cooled by immersing the vessel 
in cold water. The crystalline mass which separates is again introduced into a dis- 
placement apparatus, and washed with tepid water till the washings are no longer 
coloured on addition of alcohol containing ammonia. After one or two crystallisa- 
tions from strong alcohol, perfectly pure me tad i nitrobenzene is obtained in thin, colour- 
less, opaque or semi-tranaparont, fioxfblo needles, melting at 89®. In this respect — 
and this alone — it differs from tno somewhat impure dinitrobenzene, prepared in the 
ortitnary way, iho melting point of which is usually given as 86®. — 100 pts. alcohol of* 
99*3 per cent, dissolve 6*2 parts of motudi nitrobenzene at 24*6®; the same alcohol at 
the boiling heat dissolves it in all proportions. 

The metaphenyleno-diHraino prepared from this piure dinitrobenzene does not 
yield by oxidation a tnvce of quinone. Hofmann, on the other hand, tbundL thitt the 
dipbcnylene-diamine prepared from ordinary dinitrobenzene gave on omdatioB a 
small quantity of quinone, which continually diminished as the dinitrobeneeivl' ms 
fhi'thoT purifi<» by recry stallilUti on. and ultimately disappeared altogether. XtA Ibr- 
mation was in all probability duo to the presence of a small quantity of the parSr 
modification (Korner). ^ 

When an alcoholic solution of metadinitirobenzene is treated with sodtum-apialgain 
the temperature rises quickly, and the liquid, acoordlng to its degree of eejocediration, 
becomes blue, red, or green, and finally blacg, these changes of colour being probably 
duo to the formation and subsf^quent composition of nitrosophenylin, the compound 
which Church and Perkin obtained by the action of zinc on dinitrobenzene (iv. 116 V 
On pouring the solution into water, a black insoluble precipitate ssparates, and the 
supernatant alkaline liquid remains of a blackish-brown polonr. ^Wbeh hyii^hlorie 
acid is added to the alkaline filtrate, a black precipitate is throwti down, which po^ 
Besses acid properties, is insoluble in the ordinary soWentfi; apd Vives by analjw . 
numbers sgreeing with the empirical formula, C**H**NHy. This Wbstance is not Stk 
tacked by tin and hydrochlqpc acid ; nitric acid converts it into a yellow amorphous 
body ; and sodium -amalgam acts on its alkaline solution, 'with evolution of amn^ia/' 
but without formation of definite products (Micbler, lAebig'e Annalen, clxzv. 160;. 

Alcoholic solutions of ca^tic soda and potash produce a lively rei^ioD with dini- 
trobenzene, and black amorphous substances are formed, which are partly soluble in 
alkalis (Micbler). • 

Para-dinitrobeneenet (P.NO*4I.H.NO*.TI*. — When the alcoholic mothsir- 
liquors obtained in the purification of crwJe dinitrobenzene are left at rest for Mge ^ 


moderately soluble in ether, benzene, and chloroform, slightitj solgHb in cold ahsohot* 
almost ioeoluble in water. By reduction with ammonium sulphide, it T^flde a 
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Iline at 146^, and with tin and hj^cMoiic acid aphen^lene-diaminemeltiqg 

at l^ese reanlts show that the dinitrobftizene jn^descnbed is a ^lara-deriTa- 

Uya (Binne a. Zincke). 

Orthodiniirohenzenet — ^The ciystaHine crusts deposited as 

above mentioned, from the alcoholic motber>lyuors of crude dinitrobenzene, contain 
also a third modification, which may be separated from the -two others by repeated 
crystallisation from dilute acetic acid. It crys^lises from hot water in long colour- 
less opaque needles, and froxii acetic acid in striated plates or serrated needles, melt- 
ing at 11 18°. When more strongly heated it sublimes in fern-like plates. In 
alcohol, benzene, and chloroform, it is less soluble than the meta-compound, and crys- 
tallises from these solutions in well-defined plates. By hydrogen sulphide in presence 
" of dcohol, it is reduced to orthoni tramline, melting at 70°-71® (not at 66° as formerly 
stated), and by tin and hydrochloric abid to orthophenylAe-diamine, melting at 99°.* 
This third dinitrobenzene is, therefore, the or^Ao-modiflcation (Binne a. Zincke, 

1372; see further Komer, loc, cii.) 

VltrobromobesiJEeaei C^H\N02)Br. The statements respecting the three modi- 
fications of this compound in the ^nd Suppl. (pp. 142, 143), require considerable 
alteration, according to the results of more recent investigations. The ortho- and para- 
modiAcations (not the meta-) are formed by the action of fuming nitric acid on mono- 
bromhbenzene. The par<i-modification, which crystallises out first, melts at 126°, 
and is reduced by ammonium sulphide or ferrous acetat6'«o parabromauiline il^elting 
at 64‘6°. The or^Ao-modification, which crystallises from the mother-liquors, forms 
long needles melting at 37° (Hiibner a. AlsWg), at 41° (Meyer). By reduction with 
tin and hydrochloric acid, it yields orthobromaniline, melting at 31° and boiling at 
22*9° {2itd Suppl. 944). Metanitrobro'inobenzene is the modification which Qriess 
obtained by heating the perbromide of 3-azonitPophenylammonium with sodium car- 
bonate (iv 416). It melts at 66°, and is reduced by ammonium sulphide to meta* 
broman iline. 

Dinitrohromoheneeneef 0*H*Br(N0*)*. a. (Br : NO* ; NO**= 1:2: 4). — 
Prepared by the action of a idixture of strong nitric and sulphuric acids on mono- 
bromobenzene. Large crystals melting at 76 3 Grundrisa d. org, Chemie^ 

lOte Auflage, p, 343). 

« 19. (Br : NO* : NO*=i 1:3:4). Obtained in like mhnner from (1 : 3) nitrobro- 

mobenzone. Yellow prisms or tablets melting at 59*4° (Fittig). 

sritrodlbromobenBoneSf G*H*Br*NO*. Of the six possible modifications of this 
compound (p. 162), one melting at 85°, and produced by the action of nitric acid on 
paradibromobenzone, has long been known (iy. 416), and more recently two others, 
produced in like manner from the other two dibromobenzenes, have been obtained by 
Biese and by Meyer a. Stiiber. The pro^rtios of th^ise belies were, however, but 
veiy imperfectly known till their examinsfion was undertaken byKorner (6^ar^. ohim, 
ital, iv. 860). 

Br 

' Sitropactadihromoh^neene, \ * | . — ^This is the first of the three modifl- 

V' 

cations above mentioned. It melts at 85*4°, and crystallises from a mixture of alcohol 
and ether in l&rge yollow-green transparent tablets, noaVdmitting of exact measure- 
on account of the curvature of some of their faces. Some of the angles, however, 
with jthose of the corresponding chlorine-derivative, so that these two com- 
pounds appm to be i8omon>houB. A mixture of fuming nitric and sulphuric acids 
convey it into two isomeric dinitrodibromobenzenes. Weth reducing agents it yields 
the dibrornaniline of Meyer a. Wurster (Br : NH* ; Br — 1 : 2 : 4), which when its 
ammonia residue NIP is replaced by bromine, yields unsymmetrical tribromobenzene 

(p. 168). 

* Nitromotadihromohenzene.^t^i this compound there are three modifications 
represented by the formulse : 

' • in Wfklte a. Ztnok»*s memoir* Ein drittes NitrsnlUn * (ZVitf, CVm. Ota, jbs. v. 114), the nitr. 
aniline meltfflr Si 14S<^ is regarded as the ortho-, and that which melts at S6^ the paia-modllloa. 
tion (Sfui AdPa M4>. Sofasequent obeenrations. howwrer, have shown that thsoe dsstenations most 
htrersnsd 
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KO» ^ I KO» HO- 



Br 


Br 

1:2:4 



1 : 2:6 
or 1 : 2 : 3 


Br 


1 : 3:6 


Cl. (I : 2 : 4). ^ This m^^iflo&tion, analogooci 'to ordinary dibromanlUno, is fbrmod 
by treating metMibromobensene wiUi nitric acjd, either strong or dilute, l^th add 
of sp. gr. 1-64 and an external t6tn|»eratxir6 not below 20^. the action is rapid and 
attend^ with rise of temperature ; with weaker acid heat must be applied ; in either 
case the yield of nitrodibromobenseDe is but small, the quantity increasing, however, 
with the strength of the acid. The product is precipitated and washed with water, 
then crystallisira ftom boiling alcohol. It forms needle-shaped crystaU which, when 
left for a few hours in the mother-liquor, are converted into a group of small l^ow- 
greet jsh prisms ; and pulverising these crystals, washing them repeatedlp^th 
dcoh4l> recryatallisiqgi^rom boiling alcohol, the compound is finally obtained 
pure in tablets having the colour of native sulphur and melting at 

According to measurements by Qroth and Bodewig {Deut. Chem^ Ge$» Bsr, sii. 
1562), thesf crystals are small four^ded, nearly right-angled, tri clinic prisms exhildt- 
ing the combination ocPoo . ooPoo . OP, with od'P and oaP suDordinate, and 
rarely P' : — 

a (brach.) b (msor.) s (vertioal) 

Axial ratio : 0'3870 : 1 : 1*6960 . 

Angles of the three axial planet: ^ 

A - 66« 32'; & - 97® 12'; C - 89*1®. 

Angles of the axes (5 : c ; s.: a ; a : 5) ; 

a » 66® 28'; 0 - 9|026'; y - 92® 4'. 


Ko cleavage. The directions of polarisation on all the vertical fbces m oblique to 
the axis o. 

The crystals melt at 61*6^; are slightly soluble in cold, easily in hot alcohol, the 
saturated solution depositing the compound in the form of an oil which solidifies on 
cooling. It volatilises easily jvi^ aqueous vapour, and sublimes unaltered if gradu- 
ally heated. A mixture of fuming nitric and sulphuric acids converts ft readily into 
dinitrometaLdibromobensene melting at 129*4°. By reduction with tin and hydro* 
chloric acid, it is converted into ordinasr dibromaniline, C*B«HBr(NH*)HLH. 

0. The second modification (Br ; NO* ; Br*- 1 ; 2 : 31 remains in the laat aloo^ 
holie mother-liquors of the (receding, and .is ultimatal^ieposited es an oA| fisoBi 
wjiich large colourless prisms gradually ^parate. These, men mechaniAlly ooUOeted 
and reorystalliaed, yield colonrlees prisms or laminte, melting at 82*0°, sublimable and 
volatilismg with aqueous vapour. By sudden cooling from a hot saturated solution 
the compound is ol^ned in white opaque needles having silky Initre. Heated in 
sealed tubes with ammonia To a temper^tture above 180°, it is coni^srted into a nitro- 
metaphenylene-diamiae very soluble in alcohol, c^stallising therefrom in red-bac|pp 
needles, and convertible by nitrous ether into nitrobenaene. Heated foi five or am 
hours with a mixture of fuming nitric and sulphuric acids, it yields a dinitroms^i* 
bromobensene totally difTervut fri>m that above mentioned. 


ST. 


7, Symmetric yUrcmetadibromobemeeiie, NO* : Br ; Br 1:3: 6. — This oi«n- 
ind is formed by the ectiqp of nitrons ether on either of the two adtrodibromaui* 


HO- 




H 
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The haee must be treated in a flask conneetedlrith a loi)^ condensing tnbe» with a 
saturated solntton of nitrons acid in absolnte aldbhol« ke^ m excess during the whole 
of the process. The action commences without external heating; the mixtnie 
comes not, gires off nitrogen and vapour of aldehyde; and the nitrobromaniline 
dissolves : f 

0“H»(N0*)Br*.NH* + n 6*.C*H» - C«BP(NO?)Br* + C«H«0 + H*0 + N*. 

Towards the end of 'the process it is best to apply a gentle heat and add a little more 
j^itrons ether. The solntion on cooling deposits the nitrodibromobenzene in slight^ 
coloured needles, an additional quantity of which may be obtained by evapora- 
"^tion of the mother-liquors. The product, washed with a little alcohol, distilled with 
vapour of water, and crystallised oi^ce or twice from filing alooh^, forms^thi^' 
transparent, nearly colourless, flexible, ‘elastic lamihar mystals, 2 or 3 mm. broad, 
and extending from one side of the cdutaining vessel to the other. It is sublimable, 
and melts at 1 04*5^. From ether it crystallises in large prisms or ta%lets» 
which are likewise transparent and colourless, have angles of and 90^, and cannot 
be bent without breaking. ^ v 

This nitrodibromobenzene is very stable, not bein^,, adl^^ th concen- 

trated alcoholic ammonia, even when heated therewiib- jiy iri ^l s d Mbss to 216^ far 
several weeks. Towards 220°, however, decompostrion^ssts In^'t^ ,pixtm turns 
brown, small red-brown needles are formed, and aftei^ei^iVg the 

tubes burst. A mixture of fuming nitric and sulphuric Mcld aetiac!|tJ|nfH 
mobenzene as slowly as it does on metanitrobromobenzene (1 : 8), ^liaura^niction of 
another ISO^ into the moliMmle requiring in both cases the use ol excess of 

the most concentrated acids at the temperature of the water-bath. 'W " 

By reducing the same nitrodibromobenzene with tin and hydrochloric edld, and . 
distilling with excess of potash In a current of steam, the corresponding dibromahi- 
line, C*(3!ifH*)HBrHBrH, is obtained, which crystallises in very white needles, melts 
at 66*6°, ind exhibits rather strong basic properties. 

Nitro^rihodibromohe^enes, — ^Of the two possible ortho-modifleations ; 





1:3:4 1:2:8 


only the first is at present known. It is produced by. the action of nitric aeH on 
orthodibromohenzene. Nitric acid of sp. gr. 1*64 instant^ dissolves this eomi^nnd. 
the action V^ing more vWent in propc.L*tion,as the dibromobenzene is mcffe impngg, 
‘Weaker acid acts less rapidly, requiriog the **id of heat if the dibromobenzene 4s 
pure. ^ On pouring the product into water, an oily liquid separates, which slowly 
oretes into a pasty mass ; and'*from this, the pnneij^ product may be extracte^M^^ 
dissolving it tn hot absolute alcohol, and recrystallising^^ the cryitais which sepan^ 
therefrom, once Scorn glacial acetic add, ^and two '^r three ^mes fipom absolute* 
aloohoU 

Kitro-orthodibromobenzene, when pure, formg fan-shaped groaps of long yellowish- 
men needles, or when crystallised from dilute solutions hv spontaneous evaporatioii, * 
Targe transparent prisms; when not quite pure, it crystdlliBes in veiy slendeir whJtw ' 
needles. According to Groth and B^ewig (Beuf. (7Am. Ges. Ber, vii. 1668), 

• cryztaU are monccUuic tables, OP. ooP with oDPae quite suboidinate. As im " 
pyramids or domes are present, the ratio of the vertical axis to the other two oou{K 
not be determined. Cleavage perfect ^parallel to odPoo , distinct parallel to obSw? 
The plane of the optic axee is parallel to the plane of symmetry. Thera axedrv 
are inclined at an angle of about 60°. 

The empound melts at 68*6°, and sublimes at a vq^ gentle itet. By a mixture 
ofnitrioaka eulphuric adds, it is easily transformed into a diipro-orthodibroj^ 
mobenzene. By the action of redndng agents it iseonveitedinra dibffomanilin^ - 
mdting at 80*4°. distin^ished from or&iaiy dibromaniline by the eoOTgy of its baeio 
properties, aud Convertible by the diaso-reaetion into nnsymmetric tribromobensoMb 
&£rBrBBrHH. . ^ 
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Hm nne mtco-diVraM^^^ ^ lS<l”-i90^ Ibr wtm] di^ in « wwmUii 

tube with TMEj eoncentanted alooho«le ammonia yialda an nhaymoimo (I : h : 4) 
bTOiBonitTaniline^C*.N0*.H.Br.NH’.H*, which cfTstnllim in 'rofjsLflndwnMAci 
of a &ie esnaiy-jollow colour, malting at 104r6^. 

JDtat<rMr/Aadf&roma6«araiilg^C^.Br.Br.£^XOJ)*. — A of thia onmpoaS* 

tion ia obtained by the action of a mixtnra of nitric atia anlphnrio add on ortho-di- 
hromobenaene. V^en purified by repeated ciyataUiaation from gj^eial acetic acid, it 
Ibims laige white abining prismatic ciystalg melting at 148*’. Heated to 100*’ in 
aealed tnbea with ammonia, it is slowly attacked, yielding a deep-fed liquid which i% 
readily acted on by amyl nitrite, with formation of a mono'bromodinitrobanaendt 
idiioh melte at 87**, and ia not affected by ammonia. 

The acetic acid firom whjph thia dinitrodibromobenzene was eiyatalliaed contained 
two other bodiea : 1. A aecond dinitxodibronfoDenaene eryatallimng in small white 
naadlgaf melting at 120^, and acted upon in aldbholio solution by ammonia at lOO**, 
wit^onnatioa of g pale yhllow bromranitraniline melting at 167**~f70*’. 2. A red 

oil which, when heatM to 100^ with alcoholie ammonia, yielded a body ofyatalliaing 
in orange-red acalea^an ^ me lti n g at 100**. The positions of the two NO* gronpa in 
these dufitrodihsimheagi^^ are *nt present undetennined (P. T. Austen, IM. Ckem* 
Gm. Hsr. rui lth2^ . , ^ \ , 

W^nlNTifa iwilh anapj^fiha . Six modifications of this compound are 

posaibl^£|HlH fiM^tteaymmetr^ (para-7, t'*^o from consecutive (ortho-) and 

one fifoSMjJit8a|d^^ bromobenzane. Of these one was obtained in 1804 by 

A.May;prm cxxzvii. 224), by the action of hot strong nitijld^acid on 

imsymmetcUrlRl^omobensene, and four others have lato^ been prepared by l^mer 

{Qozm^, ^•Vdl2), • 

']. Nitrap^tairibremohenetne ^. — The action of nitric acid on unsymmetricsl 
tribnomobtiiasnie given rise to two mononitro-derivatives, the chief pro^pet being 
iden^<ml with that obtidned by Mayer (m.p. OS'S**), whils the less abOndint, whitm 
separates from the mother-liquors of the former, does not melt at 1 87^. A third 
modification, mdlting at llQ^d**, is formed by subsutuUoa of Br for NH* ia dibromor- 
thonitraniline. 

The conatitutiop of th^^ h^rst and third of these derivatives has been di^minsd 
by Kdmer experimcintally, whence also that of the second becomes known : « 


Br Br jwr 



m.p, SS**®. soUd St 187®. m.p. 

IGiroporatribromobef^ C*:BaH.Br3r.IfiLNO*, meUing^at BS’O**. Unsymmetrie 
DmoosnsCne dissolves readily in a la^e excess of nitric acid of sp. gr. 1*64 ; With 
ter acid prolonged heating is requir^, and a small quantity of bromopicrin is 
at the same time. The solution obtained in either case nves with water a 

yellow pred^tate o{ the nitrotribromobensene, which, men washed, dried, 

rspaatedly ciystmlised frdm a large quantity of alcohol, forms long needles of a 

lig^t yellow-green colour. From ether containing a little aloehol, it separates hgr 
spontaneous evaporation in Large sulphur-yellow, transparent crystals (apparsntly 
yfnonoclinic pyramids). It may be sublimed if cautiously heated, volatilises quickly 
iPtth vapour vrater, dissolvAi sparingly in cold alcohol, in larger proportion in facit 
^Meohol and in ether ; it is soluble also in glacial acetic acid, espeeifdly when warmed. 

lEtj heating with alcoholic ammonia it is converted into the eorresponding nitiohro- 
v4l||31Mumpbeny]ene-di C*3H*.H.Br.NH’.H.NO*. 

JfUroparairibfwnolkfiteHep O.Br.H.Br.Br.N€B.H, melting at •This nio^- 

^tion is prepared the diaao-reactlon from *tlie dibromorthonitrat^ine 

)*JBr.H.Br.KH*.KO*A obtained the action of bromine on Ditroparabromsoilijie, 
The dibramonitraniline suspended in nitric seid of tqp. 
r. 1*88, is expoeeflb a rapid current of nitrons acia gas ; the resulting solutu^ 
-Jtered if necAsaiyf is treated with a sedation of bromine and potassium bromidedn 
hydrobtomie acid ; the orang^yellow precipitate, after washing spth water and 
draining, is decomposed by bl^ng alcohol ; and the eiystalline residue lefluon evapo- 
ntiiig the alcoholic acdutioniarepaeted^ distilled with vapourof walar tJUithMOsaee 
- X 2 
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oolonrlatt. The sabetance thus obtained is a ijlWure of two compounds, which maj 
be sepeiated by crystallisation from acetic ao% the chtef product separating thm- 
fc<m. in long white needles, while the mother-liquors yield a small quantity of another 
substance not yet analysed, which crystallises in yellow tablets, 'me nee^es consist 
of nitroparatribromobenzene melting at 119*^; they are grouped in tufts ^d haTe 
a strong silky lustre. The compound, heated lo 140^ with alcoholic ammonia, is re- 
oonyertod into the dibromonitraniline from which it was prepared. 

IRiro^rairibrotnobetUene^ 0*.Br.NO*.Bp.Br.H.H, not fusible at 187 ®* — T^w 
paodifieation is fbund in small quantity in the mother-liquors of the first described 
nitroparatribromobenzene, melting at 93*5^ (p. 179). These liquors still contain a 
considerable quantity of the last mentioned modification, among ^e crystals of which 
are found crusts, and sometimes sepv&te crystals of ligl^r colour and different form ; 
and on picking these out and recrystallising them several times, first &om alcohol 
and then from a mixture of alcohol SLiid ether, the compound is obtained in transparent 
nearly colourless rhombic tablets. When heated to 187®, it sublimes in splendid 
transparent prisms and tablets. 

DinitroparatribroTnobenzene, O.Br.NO®.Br.Bp.H.NO* op 0 *.Bp.N0*.Bp.Bp.N 0*,H. — 
This compound, which Mayer obtained in an impure state, is easily prepared by dis- 
solving the mononitro-derivative just described in a mixture of fuming nitric and 
sulphuric acids, and heating the whole for some time on the water-bath. On pouring 
the solution into water, drying the resulting precipitate and ci^stallish[ig from a 
large quantity of boiling alcohol, the dinitro-compoun^is obtained in yellow-green 
civstals, melting at 135^ (at 126° according to Mayer); and when these ^stals, 
which in the pure state are but very slightly soluble in alcohol, are dissolved in ether, 
and the solution is left to evaporate very slowly, very large prisms ana tablets are 
obtained, having a pale yellow-green colour, extremely transparent, highly refractive, 
with an adamantine lustre, and cleaving with great distinctness. Heated with 
alcoholic ammonia it yields the corresponding dinitrobromophenylenediamine. 

It is Hot yet decided by which of the two formulse above given the constitution of 
this dimtro-derivative ought to be represented, but the question might be decided by 
ascertaiiilBg fir6ra which of the other two mononitroparatribromol^nzenea it might 
also be prepared. By the action of alcoholic ammonia the dinitro-compound is con- 
verted into a dinitro-bromaniline. ‘ ^ 

2. Nitro-ort hotribtomohensenes, — Of these there are two varieties Repre- 
sented by the formulie ; 

NO* NO* 



Br 

I : 3 : .4 : 6 r- 


Br 

I : 2 : 3 : 4 


The first modification, 0%NO*,H.Br.Br.Br.H, may be prepared from dibromopax^ 
nitraniline, 0*.NO^H.Br.NH^.Br.H, in the same manner as the nitxoparatribronao- 
beneene melting at 119*6°, is prepared from dibromorthoni tramline. The product 
js purified by repeated distillation with Vapour mter, and crystallisation irom 
alcohol. 

The pure substance, which separates first from the alcoholic solution, forms 
splendid many-faced oiystals, perfe^y transparent and nearly colourless. It melt# 
at 112°, and may be sublimed It is very slightij soluble in cold alcohol, more 
readily in boiling alcohol, and moderately soluble in eth^. Better defined crystals 
are obtained from a mixture of alcohol and ether. 

By Reduction, this nitrobromobenzene is converted into the correspcDding tri- 
bromaniline, O.NH*.H.BrJBr.Br.H. Heated for ten hours to 120° with alco^Uo 
ammonia, it is converted into ^ ammonium bromide and the difaromqparamtranlline 
from which it was prepar^^ A hot mixture of nitric and sulphuric a^fide ^ 

converts it into a yellow-green substance— probably a dinitro-1 S ^ d-tribromobensene < 
— which melts at 162*4°, and ferms with potash a sparingly sol^e cinnabar-red salt. 

The same mononitro-orthotjibiromobiiiateae is formed by thelwtioD^ ethyl nitrite 
on the loibropotthaiutfaniUna obtained by the action of bromine on orthonitzo« , 
itiel Hlimiisaniliii#. end its iformataon in tlna manner shows that the tr ibroin o- 
nitzanHIne in q^jistion must he re p res ent e d by the lormiila'* C*.N JBt JSr3r.bUi”. 
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The eeooiid modiSoatic^ of iiitiArthotnbxwAobeiiMii^ 0*,KO*Br.Br.Br.H*, hea 
not jet been obtained with elrtalnt j,^nt is perhaps oontained in the product of the 
action of nitric acid on orthotribromobemene. ,, 

8, J^ri/roma^a^riftromoisnrsfia — Sjmmetrio tribromobeniene can eridentlT 
yield but one niononitro^deriTatire, tC. : — 

MO* 



since it is indifferent between which pair of bromine-atoms the nitrjl*groQp is intro- 
duced. This nitro-deriTStiTe is produced (1) By boiling symmetric tribromobensene 
with fuming nitric acid till the violent evolution of nitrous fVimes is over. The pro- 
duct may m precipitated W water, and ie easily purified by a few ciystalUsattons 
&om alcohol and ether (0. L. Jackson, Deut. CAem. Gen. Ber. viii. 117‘i). (8) From 
tribromometanitraniline, 0*.Br.NH*.Br.N0*.Br.H, by substitution of H for nH*. A 
solutids of this base in alqf^l saturated with nitrous acid is gently heated in a flask 
connected with a long reflux condenser. A brisk action then takes place, torrents of 
Ditro|fen being given off, which carry with them a large quantiw of aldehyde. The 
reaction is completed by adding a farther quantity of nitrous ether, and heating for 
some hours in a water- bath. . On distilling off part of the solvent and leaving the 
remaining solution to cool, the nitrotribroraobenzeno separates in noedlo-shaptri crystals 
which may be purified by washing with alcohol and subsequent distillation, under 
ordinary or greatly r^uced pressure, according as the quantity is small or large. 
Under 1 1 mm. it distils constantly at 177° (Kbmor, Gane. chim. ital. iv. 482). 

This nitpotribromobenzene forms hard yellowish-wbiis perfectly inodorous rhombic 
laminar twin-ciystala, insoluble in water, sparingly solubloin cold, mom easily in warm 
alcohol, easily soluble in ether, beq^ene, ana carbon sulphide, somewhat soluble in glacial 
acetic acid (Jackson). It dissolves easily in boiling chloroform, from which it sepa- 
rates on cooling in very largo nearly adourlojs prisms. It melts at 126‘1° (Kdmeri 
at 124 5® (Jackson). Bp reduction with tin and hydrochloric acid, it is converted 
into ordinary tribromanilinu, which iherefcre has the constitution C*.KIl*.Br.U.Br.H.Br. 
Heated to 170® in sealed tubes with alcoholic ammonia, it decomposes slowly, with 
formation of parauitrobromometadiamidobenzene, C*.NO*.NH*.H.Br.H.NU* 



C*.NO*.Br.'NO*.Br.H.Br. — This conpound is form^ 
from symmetric tribremobenzene, according to Kdmer, by the action of nitric acid of 
sp. gr. 1-64 (whereby Jackson obUined the mononitro-derivative) ; according to Jackson 
^ prolonged digestion witb»a mixture of fmmng nitric and Strong stilphuric acids. 
By repeat^y washing the resulting white mass with water, and ciystallisiog ftom 
alcohol, it is obtained in shining white needles, melting at 187° (Jackson), at 192° 
(Kdmer). It is insoluble in water, sparingly soluble in sold, moH readily in hoi 
aloobol, easily soluble in ether, benzroe, ana carbon snlpUdd, less solnbl#in glseial 
acetic acid than the mononitro-^ropound. 

* This compound is not attack^ by caustic potash, bnt alcoholic ammonia oonrerU 
it into aparingly , soluble amido-derivatives, which, when treaM with potash, yield 
derivatives of a Iftncybenzene, and apparently slap of phlDrogluetn. By heating 
irith a mixtnsB of fkxning nitric and snlphnric aeidi, It is edhTstted into symnurfcle 
trioitrotribromobensene (Kdmer). 


wns obtained by A. Hayfk and by ^chs a. Berardby ni&sldon of 
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M ftCl7itsllii>6i1lb9tM00iDcdSba£fat88^(l*^ Aullpi* 269)* jr>TonBi^tor(XVfi^ Chtm^ 
Get, JBer, Tiii. 1427) finds that uns^pimetriju tetraraomobenzene 1 : 3 : 4 : 5, or 
1 : 2 : 4 : 6 (p. 170), boiled with nitres acid of sp. gr. 1*64, is concerted into dinitro- 
tetrabromobenzene ; with acid of sp. gr. 1*62 into a mixture of di" and mono-tetja* 
biomobenzene, and with add of sp. gr. 1*60 ilto pure mononitiotetrabromobenzene. 
This compound ciystall^es from absolute alconol or benzene in imperfectly developed 
prisms, which' after several recrystallisations melt constantly at 96^. It appears, 
however, to be susceptible of two modiii^tions differing in their melting points. 
After fiision in a capillai^ tube and solidification by rapid cooling, it melts at tem- 
peratures much below 90*^, sometimes even at 60^ ; but the substance thus solidified 
gradually reverts (in about an hour) to the modification which melts constantly at 96^. 
A solution of the nitrotetrabromobenzene in a small quantity of boiling absolute 
alcohol solidifies on cooling to slender needles, which, wlmn left at rest, are converted 
(with especial quickness in sunshine) into shining laminm melting at 96°. If the 
needles be quickly dried by pressing between bibulouspaper, they melt below 90^80°, 
and exhibit the above-mentioned gradual transformation into the modification melting 
at 96°. The needles appear, therefore, to consist of the more fusible modification (m.p. 
about 60°), but they always contain more or less of the higher melting variety. 
These modifications, however, if really distinct, cannot depend on the relative positions 
of the bromine and nitryl, as the introduction of the latter group into either of the 
two vacant places must give rise to the arrangement C*.Br.Br.Br.NO®.Br.H. Three 
nitrotetrabromobenzones, differing in their mode of oVientation, are possilSlo, one 
formed from each of the three tetrabromobenzenes, viz. : 


Br Br Br 



introclUorolienmeaeB, Nitromopochlorobenzene, C*H^(NO^)Cl (Laiiben> 
heimer, Deut. Chem, Oes. Ber, vii. 1766; viii. 1621 ; Beilstoin a. Kurbatow, ibid. viii. 
1417). — Two modifications (a and )3) of this compound are formed by the action of 
nitric acid on monochlorobenzeno {2nd Suppl. 144). A third is produced by passing 
chlorine into nitrobenzene mixed with about 10 per cent, of iodine (chlorine alone 
does not act on nitrobenzene). The gas is readily absorbed, and when a sufficient 
quantity has been passed into the liquid to form nitrochlorobenzone and iodine tri- 
chloride : h 

C^HXNO*) + I + Cl« + ia» + 0*H^(NO*)a, 

the liquid after a while solidifies to a crystalline mass. On agitating this mass with 
an allcaliDe solution, washing, and crystallising it from alcohol, pure nitrochlorobenzene 
is obtained, identical with that which Griesc produced by heating the platinum salt of 
the diazo-compound obtained from metanitranilino with soda. 

If the nitrobenzene used in the preparation contains free benzene, hexchlorobenzene 
is formed at the same time ; in this case the product, afi^cr washing, must he distilled 
in a current of steam, and the solidified distillate, whicff is free from hexchlorobenzene, 
Qxystallised from alcohol as above (Laubenhoimer). 

According to Beilstein a. Kurbatow, a better product is obtained by the use of 
antimonioua chloride. A rapid stream of chlorine is passed through a heated mixture 
of 200 name of nitrobenzene and 20 grams of antimol6iotts chloride, and as soon as 
the wei^t of the vessel has increased by 62 grams, the contents are washed with hydro- 
chlOifMS acid, ^ter, soda-ley, and again with water. Th^ product is then twice distilled, 
the portion distilling between 230° and 245° being each time collected apart, and 
that which bolls below 230° is agaiu chlorinated ; the portion boiling above 246° 
soon deposits crystals of hexchlorobenzene. The liquid distiUiiig at 230°>246° is 
poured off, oooled, and made to solidify hy the Introduction of a crystal of pure nitro- 
chlozobensene ; the remainiqg liquid is drained off, and the diy mass ezystallised 
sevoral times from aloqjiiol. 

The nitrochloiifiiftenzene obtained hy either of these processes crystallises from a 
warm aloohohio solution in large yellowish rhombic pris^, in whi^ the axial ratio 
•a : 6 : c«s2*660ff: 1 : 0*49% poeerred combination ooPod. «oP. Po». f od. Angle 
«iP: «e^^l2l|28'; oof :Pes>-116° 27'; P 9 : ^ o» « 86 ^ 61'. Plane of optie 



axc« 00 P CD. The axis e ie the Him an^^Pipti^' ’ A^oeotioii i^amU^ to 

the iMse exhibits the fli^loirjQg Tahi^ of the exiel aajlfe in air t 

liasreO. ^SBTo&ow* • TlsigMSO. 

90® 66' ,91° 91° 46' 

The eompoimd has a strong odon^Hke that of bitter almond oil ; snblimes, eren at 
comparatively low temperatures, in vatv long* flat, shining, flexible iMedles, melts at 
44*2° (oorr. 44*4°), and boils nnder a pressure of 740*7 MQi. at 227^ (oorr. 236*6°). 
It disaolTes easily in ether, bensene, chloroform, carbon silphide, glaemi acetic Mid, 
and hot alcohol, less readily in cold alooW,and easily Annhs supersaturated solutions. 
Being identical with the chloronitrobenzene which Griess obtains from metanitraniline, 
it is itself a meta-compound, and accordingly its melting point is intermediate between 
those of the two modifleatigns obtained by nitMtion of cnlorobensene 
Fsn. Meta. Ortho. 

^ 83° 44*4°. 82*6°. 

Metanitrochlorobenzene, boiled with a mixture of faming nitric and strong sul- 
phuric acids, is converted into chlorodini trobensene, C*H*C1(N0*)*, which forms 
large thick yellow ci^tals melting at d8°-39°. Metanitrochlorobensene, heated with 

C*H^01 N'v 

alcoholic potash, 3 rield 8 dichloroxazobenzene, which crystallises 

in pale yellow needles melting at 07° (Laubenhaimer). 

lfinitrochlorob€nai€4iest 0*H*Cip^O*)*. — (1) Nitro-orehochloronUroherutmu, 
(Cl : NO* : NO*« i ; 2 : 4), is formed by uie action of a mixture of strong nitric and 
sulphuric acids on ortho- and para-nitrocblorobenzene ; also from a-dinitrophenol, 
(OH : NO**: 1 : 2 : 4), by the action of PCI*. It crystallises in orthorhombic prisms, 
melting at 60° (Jungfleisch, 2tid Suppl. 146) : at 63*4° {FUtiff't Orundriss d, org, 
Chtmu, 1877, p. 343). 

(2) NUroimta/ihloTonitrohenzenet C1:NO*:NOm 1 :8:4 (Laubenheimer, Veut, 
Ch^. Ges, Ber, lx. 760, 768). — This compound is formed by heating metachloronitro- 
benzene with excess of fuming nitric acid and strong sulphuric acid, and semrates, on 
pouring the product into water, as a yellow oil whfch, on cooling, solidines after a 
while to a crystalline mass haring u faint yellow colour. It is somewhat sparingly 
soluble in cold alcohol, but dissolves easily in hot alcohol and in ether. ^ It is some- 
wh-*it volatile with vapoui^ of water. Its solutions produce painful blisters on the» 
skin. ^ * 

Nitro-m -chlorobenzene exists in four physical modifications, convertible one into 
the otlier ; three of them (a, )3, y) are solid, the fourth is liquid. 

The a-raodification separates on cooling from a solution of the crude product in a 
small quantity of warm alcohol, at first as an oil, in which needle-shaped cxystals 
form a^r some time. Those may be freed from adhering oil by draining and pressing, 
and after these operations hare been rcx>e8i^ several times, the neodle-Mspea cxystals 
change into large thick monoclinic pri8m8,fpxhibiting the faces ooPoe, ooP, £oe, OP. 
Cleavage parallel to OP. Twins o^tmr united by oop-oo. Aidal ratio 
a : b : c» 1*8873 : 1 : 0*0810. Angle of inclined axes 114° 14\ 

This modification melts at 36*3°, but gradually passes into the y^xbodifi cation 
(m. p. 38 8°). the transformation being acce'^erated by pressure or fricti n, and taking 
place immediately when a small quantity of the a-modiflcation is melted in a oapillaxy 
tube and then left to cool. 

The ^-modification is obtained by immersing a considerable quantity (about 100 
grams) of the a-modificatiQn contained in a tube in water of 89°-40°, till the whole 
is fhsed, then^ removing it fK>m the Vi-ater and leaving it to cool; The crystals are 
monoclinic, with an elongated prismatic development and no perceptible deavage; 
hard and brittle. Axial ratio, a : 6 : e — 0*6249 : I 0*6600. Angle of inclined axes 
■•91° 27'. Observed fonx^ ooP; Poo; --Soo; — P. This modification melts. at 
37*L°, and gradually passes into the y-modification (ni. p. 88*8°). 

The y-modification is formed, as already mentioned, by transfoxmation of the 
other two, and likewise sepp.ratos from the watery liquid into wbichj^e oil e^ihed 
by heating m-nitrochlorobenzene with sulphuric and nitric acids is pdared. It crys- 
tallises in long thin shining needles belonging to the orthorhombic i^stexn, and 
exhibitiiig a toleiybly 'distinct cleavage, by wbicit cbaructer they are distinguish^^ 
from the fi-modiflcation. Prom the a-moaiflcation they are distin^ished ^ their 
optical properties. The angles of the optic axes of the two modmcstions ioried^ 
yellow, and green light being as follows ; — 


*>. • 


Par 14, red. 
44 ° 16 ' 


Ha, yeUew, Tl, fiesn. 

46 ° 31 % 46 *^ 

47°l^i- 
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Tho donble reCraction in th« ‘o^modifloation islFeij steng and nagatiye; in the 
Y-modiflnation moderately strong and positiTO. I ^ * 

Either of the three crystalline modifications mav be obtained at will by introduc- 
ing a crystal of the desired modiflcatioii into the fused substance or its ethereal solution. 
K crystalB of two modifications, a and 0 for eAmple, be introduced simultaneously 
into &e liquid, crystals of both are produced. 

Li^piid modification ,' — A modification which remained liquid for many weeks was 
obtained by immersing ca^dllaiy tubes containing ciystals of the /3-modifioation in a 
large quantity of water at 42^| and leaving it to cool down gradually to the tempera- 
ture of the air. 

Rcactiofis, — 1. Nitrometachloronitrobenzene, heated with soda-ley, yields, as chief 
product, a chloronitrophenol, C*il* 01 ( 09 )NO^ which cryst^ses from water in delicate 
lemon-yellow prisms, sublimes in long needles, and melts at 38‘9*^ : 

OH«C1(NO*)* + NaOH*=: NaNO* + C«H»Cl(OH)NO». « 

2. With aniline at ordinary temperatures, it forms in the first instance aniline 
nitrite and chloronitrodiphenylamine ; 

C*H»Cl(NO»)» + 2C*H»(NH") ■= C«H*(NH*).NO»H + C«H»Cl(NO^j^2 . 

the aniline nitrite then reacts with another molecule of aniline to form diazcf- 
amidobenzene: 

C»H*(NH*).NOKE + - 2H*0 + 0«H»— N^NH(C«H») ; 

and the latter, on subsequent treatment of the product with hydrochloric acid, is 
transformed into amidazobenzene, C«H*.N*.C®H\NH*). 

8. Nitrometachloronitrobenzene, boiled with tin and hydrochloric acid, is con- 
verted into a chlorophenylene-diamlne, C*H.*01(NH^)’‘, which crystallises from 
water in small colourless laminae melting at 72^, and forms a hydrochloride which 
gives, with ferric chloride, a deep red liquid and an amorphous dark brown-red pre- 
cipitate. An attempt to reduce this chlorinated base to the corresponding phenylene- 
diamine by the action of sodium-amalgam, and t}\ereby determine its constitution, and 
consequently' that of the nitrometachloronitrobenzene from which it is formed, was 
pot successfui, the action of sodium* amalgam on it being e;^tremely slow. Consider- 
ing, however, that this chlorophenylcne-diamine reacts with ferric chloride in the 
same manner as orthophenylene-diamine, that nitro-m-chloronitrobenzene is formed 
by nitration of (1 : 8) chloronitrobenzene ; and that, as shown by Wroblevsky {Deut. 
Chem, Qes, Ber. vii. 1060), there is, in most cases of the formation of tri-derivatives 
of benzene, a marked tendency to the formation of unsymmetrical in preference to 
symmetrical or consecutive modifications, it appears most probable that the chloro- 
phenylene-diamine in question has the constitution 1 : 8.: 4, or 

and that the nitrometachloronitrobenzene from which it is formed is accordingly 
0*C1-H.N0*.N0*.H* (Laubenheimer, BmU, Qes, Ber, xi. 768). 

Nitrodichlorohenzenes, C*H*(NO®)Cl*. — Nilroparadicklorobeneene (1:2: 6), 
or C*,N0*.C1.H.H.C1.H, is produced by the action of nitric acid on paradichloro- 
benzene (29id 146); ^etheriiwith metanitrochlorobeiizene, by the action 

of chlorine on mononitrooenzene in presence ofiantimonious chloride, being gradually 
deposited from the higher-boiling portions of the product (260^-260^) in ciystals, the 
separation of which may be facilitated by the introduction of a crystal of the pure 
substance. Its formation in this last reaction is due to t^e further chlorination of 
the metanitrochlorobenzene formed in the fimt instanctr, and affords an additional 
illustration of the fact observed in other instances, that substitution in meta-derivatives 
takes place in the same manner as in the primary compounds. This monochloro- 
benzene yields by chlorination paradichlorobenzene, toother with a very small 

Q uantity of the ortho-modification ; and in like manner wl^en metanitrochlorobenzene, 
(■.CSl.HJ^O’.H*, is chlorinated, the second atom of chlorine goes into the para- 
position with regMPl to the first, the product being (1^:4) mtiodichlorobenzene, 
0*.01.HjN'0*.Cl.H* (Beihitein a. Kurbatow, J>eiU, Gfem^. ws. Ber. vii. 1896^. 

Nitropaiadichlorobenzeue melts at 56^ (B. and K.), at 54'6^, and volatilises easily 
with vapour of water (Komer). Heated to 166^ in seal^ tubes with alcoholic ammonia 
it enchasges an atom of chlorine for and is converted into orthonitroparachlor- 

anidne, Heated with olookolie potosA it is converted into 

tetraohlorasozybensene, (G*H*C1*)*NH), together with orthonitropsrachloro- 
p. 86^-8^), 0*.0H.K0*.H.C1JE[’ Sumpl, 912), and a diahloraiuline, 
&.NH*.Oi.H.GLH*» melring at 49*5**, and identical with that which Jungfleisch and 
Leaunple obtained ^7 treating dichloronitrobenzene with tin and ]iydro^oxio acid 
(Laubenhaiin^t Qes. Ber* viL 1600). ^ 
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^ NitepuadieUoMbeiiBea^ heated a misttue Q#-lluiiiiig nitrie and ialphuie 
is conyerted into a miikire of tpo dinitroparadiohl^orobensaiiiss, « and 
ft the former crystallising in faintly yel eea melting at 104 * 9 ®, tiie latter 

in colonrless prisms or f&ttened ni^e ‘ ^ at 1^8® ; thLe two mcJdifloations 
may be separated by fractional crystallfation &m alcohol, in which the a-modiflea- 
tion is less soluble than the 3 (Komer, Gaaif. ehim. Ual hr. 350), 

tt'-DiHitroparadiohlorobengene is analogous in conttitntion to the dinitro* 
which is obtained by the action of chlorine on 3-dinitrophen61, 
0*.0H.N0*.H.H.H.N0* (2fid SuppL 927), inasmuch as iam converted by fusion with 
potash into this same dinitrochlorophenoL These three analogous compounds are 
therefore constituted as follows : — 


OH • OH • 01 



01 01 


^DinitrophenoL ^ v DixdtroohloioplidiioL Dinltropar aS 

and o-dinitrodi chlorobenzene is metadinitroparadicblorobenzene. 

For the 3 ‘modification of dinitroparadichlorobenzene there remain therefore the 
two fbrmnliB ‘ — 


Cl 01 



01 Cl 


and at present it does not appear possible to say which of the two represents its 
actual constitution. 

This dinitrodichlorobenzene, heated for some days in sealed tubes to 160®^160® 
with alcoholic ammonia, exchanges one of its nitryl-groups for amidogen, and is con- 
verted, with elimination of water and nitrogen, into mononitrodichloraniline : 

0»HK31*(N0*)(N0*) + 2NH» - N» 2H*0 + C«H*C1*(N0*XNH*), 

which crystallises in yellow easily sublimabte needles melting at 6d'4®f and is con- 
verted by ethyl nitrite into nitroparadi chlorobenzene : 

C»H*01*(NO»)(NH*) + N0“C«H» = C»H*Ci*(NO») C»H*0 + N* > H*0. 

The last body, heated with ammonia for two days in sealed tubes to 150®-! 60®, is con- 
verted, accoiding to the equation : 

0*H*a*(N0») + = imKSl + OH»a(NO*)(Nq>) 

into monochloronitraniline, which crystallises from alcohol in spherical groupe of 
deep orange-coloured needles, melting at 116*4®, and perceptibly volatile at ordinaiy 
temperatures; and this base, treated in alcoholic solution with ethyl nitrite, is con- 
verted into metanitrocblorobenlene,0*.Gl.H.NO^.H.H.H, which crystallises inyellowisb 
prisms or tablets, melting at 48®< * 

OHK)1(NO*)NH» + =, C«H*(NO*)a -i- fl*0 + K». 

These successive replacements are consistent with either bf the two formuhe of 
dinitroparadichloroben 2 sene above given, as may be seen from the following 
diagrams : 
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c ' a 



ca Cl 


(Korner, Gaez, chim. ital. W. 350). 

2. Nitromeiadichlorobenzenef (1:2: 4)» or C*.KO*.€!LH.Cl.H*, — Nitric acITld of sp. 
gr. 1’64 acts violently on metadichlorobenzene, forming mononitrometadichloroben- 
zene, together with other products* the most abundant of which is a dinitro-com- 
pound. But by using a more dilute acid (10 pts. acid of sp. gr. 1*54 to 1 pt. water), 
and assisting the action with a gentle heat* nitrometadichlorobenzene is obtained 
almost as the onl^ product ; and on precipitating and washing with water* and re- 
peatedly crystallising from strong alcohol, this compound is obtained in vrry long 
transparent pyramidal needles having a faint yellowish-green colour* It melts at 
32*2°, is moderately soluble in cold, very soluble in boiling alcohol, and in all propor- 
tions in ether. • 

With the most concentrated nitric acid, or better in presence of sulphuric acid, it 
is converted into di nitrometadichlorobenzene, which in the pure state melts at 
and crystallises from a mixture of alcohol and ether, is splendid transparent nrisms 
having a faint sea-greon tint, and fina^y, if treated with potash (of the concentration 
}) it yields chloride and dinitrometaclilorophenate of potassium. 

This nitrometadichlorobenzene, heated to 160° in sealed tubes with alcoholic 
ammonia, is converted into the corresponding nitrometa chloraniline, 
C*.NO*.NH*.H.CLH''*, one of the chlorine-atoms t^ing replaced by amidogen ; and this 
base treated with an alcoholic solution of ethyl pitrito is converted, with copious 
evolution of gas, into paranitrochlorobonzene, C*.NO*.H.H.Cl.H*, melting at 
83*3°. The nitrometachloranilino, reduced by tin and l^drochloric acid, yieldsmono- 
chlororthodiamidobenzese, which, by prolonged treat- 

ment with sodium-amalgam, is converted into Griess’s orthodiamidobenzene: 



u 

01 

1 : S : 4 Nitrometa. 
di<dilotobenzene. 


NO* %• 



Cl 

Nltro-meta- 

chloraniliue. 


NO* 



Cl 


Paraaltnv 

chlorobenzene. 


NH* 



Cl 


Chlorortbodl- 

smidobensene. 


Symmeirical Niirometadichlorobenzenz, C*.NO*H.CJt.H.Cl.H (Kdmer, Gazsetta, iv. 
S76; O. N. Witt, Chem, Ge»,^Ber, y\\. 372; viii. 144). — This modification is 

prepared by treating dichloroparanitraniline, C*.N0*.H.C1.NH* Cl.H, with nitrous 
ether in alcoholic solution, distilling off the greater part of the alcohol, precipitating 
with water, and distilling the precipitated product in a current of steam. To obtain 
it quite pure, Witt dissolves the distilled product to saturation in warm petrolenm- 
benrin, and exposes the solution to a low temperature. The pure tompound then 
separatee out in crystals, while a secondary product, which lowers its melting point, 
xemiunB in solution. 

SymMtrio nitrodidilorobeniene crystallises from boiliag alcohol in very long thin 
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flenbla l am in aB^ 6 or 6mm. Jbroad, mepog at 66*4® (KSmar) ; fiom patedlaum-baiiiin 
10 large prisms melUng at 64P-66® CVtt). In its other physical aad in its chemical 
properties it resembles the corree xinlio^ brmnine-deriTStire, excepting ^Q|I_ 

aolves more e^ily in alcohol. It is Jk attached by aininoiiia» even at the highest 
tom^ratures in sealed tubes. Tii i aigl hydroohlorio acid reduce it to symmetnoai 
diduoraniline : 


NO* KO* 



Dichloropttra- 

nitraailine. 


Symmetric Kitro- 
dichlorobensene. 


Byminettrlo 

DlohloranUlne. 


4, yiiro-criAodieAloroAenrene, (1:3:4) 0*.N0*.H.C1.0LH*, — Produced, 
together with an isomeric liquid compound, by the action of nitric acid on orthodi- 
chloroBenzene. Long needles melting at 43® (Fittig’s Orundrist der oryanucAtn 
Ckemie, lOte Auflage, 342). 

introoblorobromobonxenea (Komer, Gazzetta, iy. 377). Nitroparaehloro<- 
bromobenzeftes, C*.Gl.NO^.H.Br.H*. — The strongest nitric acid nets upon parachloro- 
bromobenzene in the same manner as on paradibromobenzene (p. 176), and the 
solution, mixed with water, yields a crystalline precipitate, which, when dried and 
crystallised from alcohol, forms crystals melting at 68’6®, and intermediate in aU 
their properties between nitroparadichloro- and nitroparadibromobenzene. This 
compound, heated with ammonia in sealed tubes to 160® for ten or twelve hours, is 
converted into a substance which, in its molting poinl (lir4®) and other propertier 
closely resembles nitroparahromaniline? C*.NH*.NO'-*.H.Br.H“. It is formea from the 
nitrochlorobromobenzene by suhstttutioD of NH* for Cl. 

IfUrometachUjrobromohenzmz, 1 : 3 : 4, or C*.Cl.H.Br,NO*.H*.— Nitrometachlorani- 
lino mixed with nitric acid of sp. gr. 1*38, an& subjocted to the action of a current of 
nitrous acid, dissolves almost completely ; and the solution mixed with bromine dis- 
solved in aqueous potassium bromide, yields a crystalline diazo*perbromide which, 
when wash^ with water, dried, and decomposed by absolute alcohol, yields nitro- 
metachlorobromobenzone, the relative positions of the radicles in which are deter- 
mined by its mode of formatiot^ The compound, purified by distillation with steam, 
and repeatedly crystallised from alcohol, is obtained in light yellow ^en needles, 
melting at 49*5®. Heated to 160® in sealed ^bes with alcoholic ammonia, it is recon- 
verted into nitrometachloraniline. 

Another nitrtmztachU^obroinoSmzzne^ 1:3:4 or C*.Br.H.Cl.NO*,H*, appears to 
be formed by the action of strong nitric acid dh metachloroliromobenzene ^m. p. 196®). 
A violent action takes place in the cold* and on pouring the resulting solution into 
water, a semifluid mass separates, which soon crystallises, and after repeated crystal- 
lisation from alcohol, forms long slightly yellow needles closely resembling nitro- 
metadichlorobenzene, and mqjting at 46*8® — that is to say, at a temperature exactly 
intermediate between those *of nitroiaetadichloro- and nitromotMibromobenzene 
(32*2® and 61*6®). Its analysis showed the presence of chlorine and bromine in 
equivalent quantities. Heated to 160® in sealed tubes with ammonia, it is converted 
into a substituted aniline, which separates from alcoholic solution in rather large 
crystals, resembling those of^ nitrometachloraniline, excepting that they are rather 
darker-coloTured and less soluble, intermediate in fact in these respects between nitro- 
roetachlor* and nitrometabr<^aniline. Its melting point, 137®, is also the arith- 
metical mean between those of the same two bases. By analysis it k found to contain 
1 at chlorine and 1 at. bromine to 12 atoms of earbon, whence it would appear * 
mixture in equal numbers of molcnniles of nitrometacblor- and nitrometabTOm-anilins. 
It cannot, however, be separated into these two compounds, and hence it is rather, 
perhaps, a mixture of the two bases, C».a.H.Br.NO*,H.NH*andO.Br.H.CLNO*.H.NH». 

This amidated oomponnd is de^mposed by eih^l nitrite, and the product purified 
by distillation with steam and repeatedly crystallised from alcohol, yields a nui^)ber 
of compounds, the least soluble of which is paranitrobromobenMne melting at 126*6®, 
whilst the last mother-liquors deposit large fiattened needles melting at 80*3®, ai^ 
iu appearance to fiietanitiDcblorobenzene. 


Bynvmetrioal NUrochlorobromobengenet 0*.(LH.NO’^Br.H« — When the bromo- 
nitroparachloraniline, C*Cl.H,NO*-NH*.Br.H, Obtained by treatiiur Bitroparachlop- 
aniline, C*.Cl.H.NO*.NH®.H*, euspended in swng hydrochloric acra with bromino- 
vaponr (p. 203), is placed in contact with a Jarge excess of ethyl nitrite containing 
absolute adcohol, it dissolves slowly at oMinaJy temperatures, the mixture becoming 
hot, and giving off nitrogen together wi^ vapour of aldehyde. If care be taken to 
moderate the action, and the ethyl nitrite be kept constantly in excess, a slightly 
coloured solution will be obtained, from which long flattened needles are deposited on 
cooling. These, after washing with a little alcohol, may. be completely purified by 
distillation with vapour of water. 

The substance thus obtained crystallises in long needles mating at 82’5*^, which 
is not the arithmetical mean betweez^tha melting points^, ^f symmetrical nitrodichloro- 
and nitrodibromobenzene. The chlorobrominated derivative resembles these two 
compounds in its extraordinary rdsietance to the action of ammonia and^other 
agents. 


ITltroelilorlodobeiisenee (Korner, Gojrjeeita, iv. 381). yiiroparachlariodobenzenet 
C®.01.H.N0*.I.H*. — Nitroparachloraniline (m.p. 116*4®) mixed with nitric acid of sp. 
fn: 1*38, and treated with nitrous acid, dissolves quickly, and is converted into a 
diazo-compound, which, when treated with hydriodic acid, yields a semi-fluid mass, 
containing the nitrochloriodobenzene, together with free i^ine, which mns^ be re- 
moved by potash-solution. The remaining substance, wariied with water and crystal- 
lised from hot alcohol, forms spherical groups of needles, very much like tribromo- 
metanitraniline, but somewhat lighter in colour. It melts at 63*3®, and may be volati- 
lised without decomposition. 


^up, 

disBoh 


A product, aj 
is forme 


_ from the preceding only in the position of the NO® 
by the action of nitric acid of sp. gr. 1*52 on paraiodochlorobenzene 


ved in a large excess of glacial acetic acid. 


Ifitrcmet^hloriodobenzene, C*.C1.HJ-N0®.H®. — Nitrometachloraniline, treated in 
the manner just described, yields a straw-yellow substance which crystallises from a 
mixture of alcohol and ether in largo well-^defined prisms melting at 63*4®. It 
volatilises easily with vapour of water, and dissolves easily in hot alcohol, sparingly 
ip^aold. ^ 

f Another fiitrometachloriodobenjgene, vrohiMy C*.I.H.01.N0®.H*, is formed fly the 
action of the strongest nitric acid on mAnchloriodobonzene. It is somewhat lighter- 
coloured than the preceding compound, and is distinguished therefrom chiedy by its 
higher melting point and its crystalline form. 


mtrobromlodobenxenea (Korner, Gazgetta^ iv. 383). Nitroparabromiodo- 
heneene^ (1 : 3 : 4) or C®.Br,H.NO*.I.H*. — ^By decomposing with dilute hydriodic acid, 
the solution of the diazo-compound produced by the action of nitrous acid on a 
mixture of orthonibroparabromaniline ^d nitric acid, a product is obtained which, 
when purified in the manner above deserroed in the case of nitroparachloriodobenzene, 
melts at 90*4®, has exactly the appearance of tribrometanUranilirte, and has the consti- 
tution represented by the formula above given. 

Nitrom^aAromiodohenzeiMf (1:3:4) or, 0®.Br.H.I.N0*.H*. — Produced in like 
manner by the action of hydriodic acid in large excess on the diazo-compound obtained 
by passing a strong current - of nitrous acid vapour into a mixture of orthonitro- 
metabromaniline and nitric acid of sf gr. 1*38. The solid product which separates is 
washed, distilled with aqueous vapour, and ^purified crystallisation from alcohol. 
It is thus obtained in large transparent deep-yellow crystals, quite different in form 
from those of the compound last described. It melts at 83*5®, and when heated to 
180® in sealed tubes with alcoholic ammonia, yields ammonium iodide, together with 
nitrometabromauiline melting at 151*4®. " 

Another nU^ometahromiodohenzenet (1 : 3 : 4), or C*.I,H.Br.NO*.H®, having the 
bromine instead of the iodine in the ortho-position with respect to the nitiyl, is 
obtained by gently heating metabromiodobenzene with uie strongest nitric acid till it 
is completriy diuolved, and pouring the solution into water. The crystalline preci- 
pitate thus obtained is a mixture of at least two compounds, the more abund^t of 
which may be easily separated and purified by repeat^ crystallisation from strong 
bifiling alcohol, whereas the other, which remains in the mother-liquors, and ulti- 
mately separates on concentration in nearly white nee^es, is difficult to purify. The 
pripdpal product crystallises from alcohol, on cooling, in lemon-yellow names melting 
at 126*8®. By spontaneous evaporation from its solution in a mixture of alcohol and 
ether, on the other hand, it is obtained in large transparent rectan^ar tables, of a 
light orange-yellow colour. It is more soluble in alcoh<fi and in ether than the oor- 
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res^ndiiw di-iodo-d«riTati?e, and iMaholnble in thaae bqnidLi fSian the dibiomo-dari- 
yative. Heated to 175^ iiMMled tiJM with alcc^olio ammonia, it is tramfoimed 
into nitiometiodaniline. 1 

flhe compound which remaina in mhe mother-liqnon, and oxTStalliaes as abova 
mentioned in colonriess needles, is pioAblv constitnted as lepresented by the formula 
©•XNO*Br.H». ^ 

C*JJ3r.H.NO*.H*. — ^IVirarntro-orthobromanilme treated 
in the manner described for the preparation of nitro-paraiodobromobensene fiKun nitro- 
parabromaniline, yields a product slightly soluble in fdoohol, and crystallising firom 
the concentrated solution in la^ prisms, having a vexr fiiint yeHowish-green tint, 
and melting at 106^. Alcoholic ammonia decomposes it very slowly, the reaction 
requiring many days for its completion, even at 190” : the product is mtio-orthobrom'* 
aniline, C«.NH*.BrH.NO*.Hf t 

The same nitroorthobromiodobenzene is prcAuced by treating orthobromiodoben- 
zene, with the strongest nitric acid, which dissolves it quickly, without 

separation of iodine. The solution poured into water gives a precipitate, which, 
when washed, dried, and crystallised from alcohol, yields, as principal product, a 
uitro-orthiodobromobenzene melting at 106*1^, and identical with that last aescrib^, 
the mother-liquors retaining products of lower melting point, which have not yet 
been examined. 


Visrodllodobatixeiiaa, C*H*(NO)^I^. The compound containing the two 
iodine-atoms in the para-position relatively to one another, cannot be prepared by the 
action of strong nitric acid on paraiodobenzene, which indeed is thereby aecomposed, 
with separation of 1 atom of iodine, in whatever manner the action may be conducted ; 
both at high and at low temperatures, and with or without the intervention of acetic 
acid, the products are always free iodine and paranitro-iodobenzene, 

Nitrometadiiodohenzene, — Metadiiodobenzene, obtained firom 

crystallised metaiodaniline, dissolves very slowly in nitric acid if the acid is heated, 
of sp. gr. higher than 1*52, and employed in largo excess. On pouring the resulting 
solution into water, nitrometadiiodobenzene separates its an orange -yellow apparently 
amorphous powder, which may be purified by washing, drying, and solution ia. 
boiling alcohol ; and the liquid, fij^red while hot, deposits the compound on oooliug^ 
in small scales having the colour of neutral potassium chromate with a faint azu^ 
refleX Bv spontaneous evaporation, the alcoholic solution deposits the compound iu * 
acute quaoratic octohedrons, which, if the soTution also contains ether, are truncated 
by the face OP; this face is also more developed as the proportion of ether is greater, 
the crystals ultimately taking the form of large transparent highly lustrous tablets 
of a light orange-yellow colour. The compound melts at 168*4^, has a high spedflo 
gravity, but is slightly soluble in ether, very slightly in cold alcohol, more easily in hot 
alcohol. Heated for a few dayg to 170^ with alcoholic ammonia, it yields a yellow- 
brown solution containing *large lance-shaped laminse of nitrometaiodaniline, 
CMH.NH«.NO*.H*. I 


Aotton of FotMsIoiii OyanlOa^tt tbo Xwlold-doffwatlwaa^ of Vttra* 
bansane (V. v. Richter. Deut. Chem, Ges. Ber. iv. 663 ; vii. 1147 ; viii. 1418). This 
transformation, which consists in the replacement of the nitro-group by <yanogeny 
and the sabsequent conversion of the resulting nitril into an acid (replacement of CK 
by COOH), by boiling witli alcoholic potash, takes place with wious degrees of 
hicility, according to the number of atoms of Br, Cl, &c., in the molecules and their 
positions with respect to the NO^-group. Thus the replacement of NO’ by ON takes 
place in nitromonobromobenzene more easily than in nitrobenzene itself, and still 
more easily in the nitrodibrothobenzenes. With nitropazadibromobenzene (m. p. 84”) 
it takes place at about 120”, whereas with the nitromonobromobenzenes it requires 
a temperature of 160”>180”. The product obtained with nitroparadibromobenzene 
is a dibiomobenzoic acid which ciystallises in nacreous flatte ned n eedles, melting'nt 
161”, and forming easily soluble barium and calcium salts, (0*H’Bk’.CO’)’Ba -h 
and (C*H*Br*.CO’)*C!a-i-3H*0. 

In the conversion of the monohaloid-derivatives into aromatic acids by this pro- 
cess, the group ON does not go into the place previously occupied by the NO*, but 
takes up a position one step nearer to the halogen element ; oonsequratly the para- 
and meta-ewronitTO-, bromonitro-derivatives, £c., can be Converted in thia maayisr 
into snbatitutsd bmoic acids, but the ortho-derivativas cannot ; thus : — 





^BBNZENBf CAanDO.)* • 

The fonafttimi of nitrib m these Msetioiis baa not beea ^BrecUyjpiOvsd; ait the 
high teihpmtare of the reaetioa Indeed 1(180^-260*’), ther appear to be Innmdiately 
oouTertea into aenb bj the joint t^ktn oKKrtAssium ojanide and anunoninm earboniite^ 
which ie always formM in oonsiderabb <2entity. The boiling with alkalis after the 
action of the potassium cyanide may«'t|mfoTe, in most oases be dispensed with. 
Sodium C 3 raDide acts in the same wtkjf as cyanide of potassium. 

With the more highly brominated benzeueSp the reaction takes place in a simUar 
manner, whenever there b room for a shifting of the position of the substituted 
radicle ; thus 




DibionibbenEoio acid (m. p. 161^-162^). 



NO* 


Bibromobensoic acid (m. p. 208®-209®). 


Br 


Br 


Brk. 


NO* Br, 

and 

Br Br 


NC 




give no reaction. 


antroeobeMenef C*H*(NO). When solntions of nitroiyl bromide^ NOBr, and 
mercury diphenyl in benzene are mixedp colourless cr 3 rstabp nrobablv consisting of 
C*H*HgBr, sraarate out, while the liquid assumes a green colour, and emits a small 
of mustard oil : 

Hg(C«H»)* + NOBr - C3*H*(NO) ^ Hg(0*H»)Br. 

On distillation a green liouid passes over containing nitrosohenzene, which, how- 
ever, has not been obtained in the pure etatel Bv treati^ it with tin and hydro- 
chloric acid it is converted into aniline, and on heating it with aniline acetate, it 
yields azobeuzene. Acids decomx>OB6 it, hydrochloric acid producing a yellowish-i^ 
and sulphuric acid an intense reddish-violrt coloitr. 

Kitrosobenzene is also formed by using Msitrosyl chloride inotead of the bromide, 
and instead of benzene, chloroform or carbon sulphide as a solvent, Nitrosyl chloride 
is best employed in the foim of SnCP.2NOC1, which conxpound is readily obtained in 
large yeUow crystals by pass,ing the vapour of aqua reg^ over stannic chloride 
(A, Baeyer, Veut. Chem. Ges. vii. 1688). 


JlmldobeBmenan. — AalllBbs. 

AKiniNS. PHnsTnawiiTB, — The relative quantities of this base 

contained in different coal-tar oils have been approximately determined by Watson 
Smith (Ckem, 8oc, J. [2], xii. 863). Those known as ' ^ht coal-tar oils,* varying in 
sp. gr. from 0-900 to 1*000, appear to contain apiline in largest Quantity and least 
contaminated with homologous bases. The oils obtained bj distilling with caustic 
soda the blade spent add obtained in the treatment and reetillcation erode benzol, 
are larger in quantity but oontain less aniline. 

FormaHon from IHbenghydroxamio Add . — Aniline may be obtained ftomdibsoz- 
hvdroxamie sm converting the latter into diphenyl-urea, benzaaillde egr 

phenyl cyanate, according to the following equations, ara d^mposing these com- 
pound by the action of acids or alkalis : — 

1. Bidnshydroxamio said, heated with excess of caustic soda yields benzoic add 
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and diphenyl^area, ‘wMeh, when heated \nih hydrochloric add, is resolred into 
oarhon dioxide aniline : ^ • 

2N(0*H».00)*0H + 2NaOH = CO(NH.(m»)» + 2(0»B[».00*Na) + 00* + B[*0 
and COCNH.O^»)* + H*0 «foO* + 2(C*H*.NH*). 

2. Bihenzhydroxamic acid is resolved by distillation into phenyl iBO<^nate and 
benzoic acid, ’which paas over between 160^ and 270^, and benzanilide, which remains 
behind : 

N(C*H*.00)»0H = + C*H«.OOOH 

,C«H‘ 

N(C‘H*,C0)*0H = CO* + n|^H‘.00 


ReactionB, — 1. With HypocUo^tis -4«c?.~When chlorine--waterf or better, a solu- 
tion of sodium hypochlorite, is added to a mixture of phenol and aniline, a red^colonr- 
ation is produce^ which changes to a deep blue on addition of an alkali. This reac- 
tion is not produced either by phenol or by aniline alone. As a test for aniline (in 
presence of phenol) it is very delicate, being capable of detecting 1 pt. of aniline in 
100,000 of water. A similar blue colour is produced by hypochlorites in a mixture of 
phenol and ammonia, but it is much lighter, and its formation is much less rapid 
(Jacquemin, BtCll. 8oo. Chim. [2], xx. 68; «/*. Tharm. Chim. [4], xix. 417). o 

2. With the chloridea of mono- and trichloTacetylf ahiline yields phenyl-chlorace- 
tamide, ^?.0®H*C10.0*H*.H, and phenyl.trichloracetamide,N.C®01*O.C*H*.H (Tommasi 
a. Meldola, p. 6). 

3. Aniline (4 mols.) heated with dichlorhydHn {V mol.) is converted into diani- 
linehydrin 0*H*(C*H*N)*O, which crjstalliaos from dilute alcohol in long white 
needles, easily soluble in dilute acids, but decomposing when the solutions are heated, 
with formation of aniline and a greasy substance. Its solution in hydrochloric acid 
yields with platinic chloride yellowish-red crystals of the salt, 0‘*H“N*0.2H01.PtC^< 
(Claus, Bmti, Chem, Ges, JBer^, viii. 242). 

With Merourio Fulminate, — When aniline is mixed -with mercuric fulminate, a 
rapid action takes place after a while, much h^t being evolved, so that with large 
quantities ah explosion may result ; if, howerer, moi§t fulminate be used, and the 
aniline be diluted with its own bulk of alcohol, the action is somewhat molderated, 
although Cf^re must be taken to cool the vessel containing the mixture as soon as heat 
begins to be evolved, t.s. in about half an hour. The products are finely divided 
metallic mercury, and a substance resembling amorphous phosphorus ; on treating 
this wi^ dilute hydrochloric acid, a substance is dissolved which, after crystaUisation 
from the liquid, previously alkalised with ammonia to remove dissolved mercury, and 
then again acidified with hydrochloric acid, is neutr^, difficultly soluble in cold water, 
but readily soluble in alcohol, ether, and hot -water ; it melts at 149°, does not com- 
bine with acid or alkalis, and gives the aniline reaction -with bleaching powder, toge- 
ther with a smell of chloropicrin on allowing the whole to stand awhile. This body 

has the formula C’H*N®0®, and is p^bably nitromethyl-aniline, Cfl*(N0*) 

^ fi 

the presence of the NO*-groui> causing the basic properties to disappear. 

Besides this product, dipnenylguanidine, melting at 146°, is formed; the two 
products result from the reactions— 

OHg(NO*)(W) + 2(C»H*.NH») « C*H*.Na(CN) + C-H*.NH(CH».NO*) 

and (>'H*.NH(CN) + 0*H».NH* - CJnH 



oyan-emiline being formed as an intermediate product (Steiner, Rent, CHom, Ges, Bor* 
1244). 


SunSTITUnOK-BHBIVX'^SS Akiumb. 


Preparation of Bnmo- and Chloro-derivaHves (Mills, PhU, Mag. [4], xlix. 21), — 
Aniline dried and purified by oohobation for a few hours -with to | of its weight of 
merourio chloride or bromide, according to the derivative which is to be prepared, is 
oobobated for some hours with glacial acetic acid ; the resulting acetanilide, alter 
being purified b^ reciystaUisation, is powdered, suspended in water, treated with 
excess of bromine or chlorine, and the product is heated with powdered potash 
moistened with sj^t. The distillate thus obtained conrists ohielly of mono- aad di« 
derivatives. ^ 
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Tlif •efenal pMpuatioo «f Matenilide it, howarer, xamMmmxy, as a sdlAtioii of dxj ^ 
snUine in gtaciAl aoetie aeid aliBwort Anally irell. Anilino is oissolTed in 2-3 Tola, 
of the add* and dilorino- or bromine-Typonr pissed OTer the sux^mo of the mi^tnre, 
which must he well agitated. In the of bromine-Taponr the operation is 
formed in a warm closet, and the bromine is volatilised slowly ftom a retort, which 
most be heated by a small flame placed at a considerable distance below, the heat 
being r^fnlated so that, while vapour comes over freely, no drops of bromine are 
delivered from the tube of the retort. This tube should be bent vertically downwards, 
and nearly touch ^e surface of the aniline mixture in the flask where the operation is 
condncteo. Oonsiderable heat is evolved at first. As the action proceed^ the mix- 
ture becomes thicker, and partiallpr solidifies ; and at this point the operation must be 
arrested if a minimum of ti;^erivatiTe is required, but continued until total solidifi- 
cation ensues if the tri-derivative is to be a maxi num. The whole may, if desired, 
be subnutted to farther action by gentle headiig with more glacial acetic acid, 
whielf dissolves the product. The cooled mass is heated to 100° under water, and 
a^rwards cooled therewith, and the supernatant Iti^uid is filtered off and precipitated 
with alkali : this precipitate contains mono- and di-derivatives. The iusoluble por 
tion is mixed with powdered potash, moistened with spirit, and then heated in order 
to destaroj any traces of aniline that may have been formed. The ratio OH'ON : Br* 
furnishes chiefly dibromaniline. 

The^irect action of chlorine, &c., on aniline itself is not attended with satisfac- 
tory results ; in presence also of water or aqueous acid there is an enormous amount 
of by-product. 

Beparaii<m of iho Mixed Derivatives. — ^The whole is immersed in a very large 
excess of aqueous hydrochloric acid ^1 vol. filming acid to 9 vols, water), and 
heated to nearly 100°, with frequent stirring for about an hour in a loosely covered 
vessel ; the whole is then allowed to cool down until the next day. The dear liquid 
contains only mono- and di-derivatives ; the insoluble portion, di- and tri-derivatives. 
The latter is submitted to repeated hyihrochloric treatment as before, until the super- 
natant clear liquid no longer gives any precipitate with ammonia ; it then consists ^ 
tri-derivative only — contaminated, however, with some black tarry products. Thic 
derivative can be purified distillation ^oer ee, or from strong hydrochloric acid dr 
potash-lime. The clear liquids are united and precipitated by ammonia during 
twenty^four hours, a large excess of ammonia being avoided. The precipitate is then 
washed, rapidly evaporated with hydrochloric acid to dryness on the water-bath, re- 
dissolv^ (or at any rate well stirred) in hot water, and left to cool thoroughly : the 
insoluble portion consists of di-derivative, and must be filtered off. The filtrate is 
again evaporated to dryness and stirred with hot water, &e. Three evaporations to 
dryness are necessary, and usually sufficient ; and the final solution contains mona- 
derivative only, which yields but an inappreciably small amount of insoluble residue 
when so evaporated. The mono-derivative ma^ be purified by distillation from 
aqueous soda in a current of steam ; the di<(|^erivative by distillation per §e, or by 
Bsive crystallisations from naphtha and spirit. 

BromaBlUnen* (Fittig a. Mrger, Deut, Chem, Oes. 1176; 

viii. 364). Parahromaniline^ — Obtained by rodiieing (1:4) bromo- 

nitrobensene with tin and hydrochloric acid, distilling the solution afb^ addition of 
caustic soda, and crystallising from aqueous alcohol ; it forms large colourless raffular 
oetohedrons, melts at 63°, an^ cannot be distilled without decomposition, wken 
heated it first melts to a colourTbss liquid, then suddenly turns violet-blue, and yields 
a colourless liquid distillate ; afterwara crystals colle^ in the neck of the retort, and 
there remains a dark-oolour^ mass which dissolves with blue colour in alcohol. The 
liquid distillate does not solidify on cooling, but yields, on second distillation, a 
somewhat considerable quantity of a fluid base filing at 180°-190° (probably aniline), 
after which the above-describM phenomena are reproduced. The lut mother-liquors 
obtained in the preparation off, parabromaniline contain a small quantity of a base 
which crystallises in long needles. % 

Orthobromaniline (1:2), pr^ared in like mknner from orthobromonitrobensene, 
is a colourless czyatalhne mass, which melts at 31°-31*6°« and boils without decom- 
position at 229° (mercury-column wholly in the vapour). In the prepaxatioii of 
orthobromanilina there is also formed a small quantity of another liquid base wbieh 
preventa the orthobromanilinea from crystaHising at ordinal^ temperatures. The 
two bases may4>e separated by means of their hydrochlorides (Fittig a. Mager) ; see 
also Hfibner a. Alsb^ (Xis6^s Atmalem, dvi. 308). 

Mietabromaailine (1 : 3), obtained by reduction of metabtomonitiobenaeas, is a 
colourless crystalline mass which acquires but a verjlkint tinge of colour on eiqpdaare 
Sfxf Ayp. O ** 
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to m«lU at 18'’-16'6°i iMils at 261°, and solidifiM jmmcdiatoly after distillation 
to about 16° (Fittig a. Mager).* | • , ' 

The di^lv^es easily in water> very sparingly m, 

hydrochlorie acid and cirstallises in nweous laminae. The plaiinoMorid^^ 
[0•fl^Br(NH*).HCJ]*.PtOi^ is a yellow cryMaUine precipitate (Wurster a. Qruben- 
mann). 

'Wlien nitrons acid is passed into metabromaniline mixed with nitric acid till the 
whole is dissolved, dilute sulphuric acid then added, and afterwards bromine water, 
diazobromobenzene perbromide separates as an oil, which solidifies over sulphuric 
acid and lime to a crystalline mass, and is converted by boiling with absolute alcohol 
into metadibromobenzene (Fittig a. Mager). 

Dibromaniltnes, 0*H*Br^NH^ — Of these ^comp^uUds there are six possible 
modifications, one derived from pafi-, two from ortho^^ and three from meta-dibromo- 
benzene : — ^ 


NH" 

/Xbc 

NH" 

1 1 

NH" 

1 

NH" NH" lA[* 

/\Br Br/^\B 

111 1 1 


\^L 

1:2:8 

Br 

1:8:4 

Br 

1:2:4 

1:8:5 

• 

from (1 : 4) C»U‘Br" 

from <1 : 

2) 0"n*Br" 


from (1 :’8) a"H‘Br" 



The formula are analogous to those of the nitro-dibromobenzenes (pp, 1 76-178), with 
NH* in place of NO*. 

Of these six modiiiciitions, four are known, viz. — 1 ; 2 : 4, 1 : 2 ; 5, 1:3:4, 
1:3:6, and a fifth which most probably has the structure 1:2:6. 

(I ). The modification 1 : 2 : 4 is the ordinary dibromaniline discovered by Hofmann 
ftv. 436). It is produced : a. dly reduction of : 2 : 4) nitrodibromobenzene (Wurster, 
iiut, Chem. Ges, Ber. vi. 491). /9. By the action of bromine on acetanilide, or by Mills’s 
method (p. 193). y. By subjecting parabromaqptanilide, C*.NH(C*H*0).H.H.Br.H* 
(prepared by the action of acetyl chloride on parabromaniline), finely pulverised and 
suspended in water, to the action of % current of air charged with bromine vapour, 
saponifying the product, and distilling it with aqueous vapour (Kdrner, Gaezetta, iv. 
329). 6. By a precisely similar series of processes from orthobromacetanilide, 

C*.NH(C*H*0).Br.II'* (prepared by the action of acetyl chloride on orthobromaDiline). 
As thus prepared, it is contaminated with a small quantity of an isomeric compound, 
from which, however, it may be freed by crystallisation from alcohol (Komor). 
«. Together with mono* and tribromaniline, by direct bromination of aniline (Kekal4, 
Isi Bappl. 921). C. By the action of alkalis on dibromacetanilide (Fittig, Grundrisa 
der organiscken Chemie, lOte, AufiagCi 366). ij. By heating mononitrobenzene with 
concentrated hydrobromic acid to 186*^-190®, mono- and tribromaniline being formed 
at the same time (Fittig), 9. By distilling dibromisatin with potash (iv. 436). 

The dibromaniline thus obtained, boils at 79*4® (Korner), at 79® (Wurster), at 
78-82° (Mills). The formation of this dibromaniline from para- and orthobromacet- 
anilide shows that it has the NH*-group in the para-position with regard to one of 
the bromine-atoms, and in the ortho:position with regard to the other, its constitutional 


?TH(0»H"0) 

NH"^ 

% 

/\ 

/\c. 


Br 

Br 

V 


NH(C*HK>) 


The two bromine-atoms are therefore in the meta-position with rega^ to each 
other ; and this conclusion is corroborated by the fact that the dibrom^iline, when 
treated with ethyl nitrite, is converted, by substitution of H for NH*, into meta-di- 
bromobenzene. 

(2). The modification 1:2:6, discovered by Riche a. B4.rard (CompL rend. lix. 
141 ; InstittU, 1864, 262) is prepared by adding paradibromobenzene to fhming nitric 
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add, and rednoiiig tha remildiig nitro-eompound, G«.NO*.Br.H.H.Br.H» with anuiioiiiaA 
sulphide, or better, -with tm^and h^coohloiio acid. The dibnmMiUiiie separated 
from the hjdrochloiride by lime, and pytifted bj reotifieation, diesolree easily in a^hol 
and ether, and (aystallisfe in nodula^gronps of prisms having a siUi^ lustre, and 
meltang at 61^>-62^ (V. Mejer a. O. Sti^>er, Annalm, elar. 179). 

(3) . The modification 1:3:4, obtained by reduction of the corresponding nitrodi* 
bromobenzene (p. 178X forms colourless crystals melting at 80'4^ (Kfirner, 

iv. 370). This modification and the next are much more strongly basic than the two 
ppeyiously described. 

(4) . Symmetric Dibromaniline^ (1 : 3 : 5), is prepared by reducing ^mmetrio nitto* 
dibromobenzene (p. 177) with tin and hydrochloric acid, supersaturatuig the product 
with potash, aud distilling ii^a current of steam. It then passes over as a liquid which 
crystallises in white needles melting at 56*6^. | It is a somewhat powerfiil base. 
The ^dxochloride c^stallises in flattened needles, which may be recrystallised from 
watercontaining a little hydrochloric acid, but it is partially decomposed by a large 
quantity of pure -water. Ethyl nitrite add^ in excess, and mixed with alcohol, acU 
strongly on this dibromaniline, converting it into metadibromobenzene. The substi* 
tution of bromine (by the diazo-reacUon) for the NH* of this base converts it into 
symmetric tribromobenzene (Kdrner, Gaszeiia^ iv. 368). 

(5) . A fifth dibromaniline, probably 1 : 2 : 6, is formed by the action of bromine 
on orthAbroroaniline, or by brominating ortho^acetobromanilide (p. 4) and eliminating 
the acetybgroup -with potash. Now when the dibromaniline thus obtained is treated 
with an alcoholic solution of nitrous ether, so as to remove the NH*-group, a dibromo- 
benzene is obtained which, after washing and rectification, forms a limpid liquid 
boiling at 216^ (uncorr.) and not solidifying in a freezing mixture: therefore rneta- 
dibromobenzene. Hence it follo-ws that the dibromaniline must have its two bromine- 
atoms in the meta-position ; and since, from its mode of formation, one of these 
bromine-atoms must be in the position 2, its formula must be either 1 : 2 : 4, or 
1:2:6. Now it does not appear to be ordinary dibromaniline (^though its physical 
properties are not described), so that there remains for it only Ime formula 1 > 9 
(M^er a, Stiiber, Jjiebiy'e Annalen, clxv. 161). 

C*H^Br*.NH*.— Of six possible modifications, only two aie 

known, viz. : — 

a (1:2:4: 6).* This is the ordinary modification formed by the action of 
bromine in excess on aniline (iv, 436), and on ortho- or parabromanilitie; also by 
reduction of (1 : 2 : 4 : 6) nitroliromobenzene with tin and hydrochloric acid (Kdrner), 
and, together with aniline and dibromaniline, by dry distillation of parabrom aniline 
(Buchner, Deut, Chem. Gea. Ber. viii. 361). It crystallises in long colourless needles ; 
melts at 118^ ; does not unite with acids. By the action of nitrous other, the amido- 
group is eliminated, and the tribromaniline is converted into symmetrical tribromo- 
^ttzene (Meyer a. Stiiber, JAcbi^a AnnaXen^ clxv. 173). 

^ (1 : 3 : 4 : 5).* This modification, forzaed by reduction of the corresponding 
nitrotribromobenzono, is also crystalline, d^es not melt at 130^, appears to decompose 
at a higher temperature ; forms salts with acids. By decomposition with ethyl nitrite, 
it yields consecutive tribromobenzene (Kdrner, iv. 328). 

Tetrabromaniline, C*HBr*.NH*. — Of throe possible modifications of this com- 
pound, (1 : 2 : 3 : 4 : d), (1 : 2 ; 3 : 5 : 6), and (1 : 2 : 3 : 4 : 6) or (1 : 2 ; 4 : 6 ; 6). 
NH^ in 1, only the third is at present known. It is formed by the action of bromine 
in excess on metabromanilinejind on (1 : 2 : 5) or (1:3:6) dibromaniline (amido- 
paradibromobenzene). Its cobstitution is tnoreforo represented by the formula 
1 : 2 ; 3:4:6:— 


NH* NH* NH» 



Br 


Hetabrmaaaillae. Tetcsbronuuiillne. (1:3:6) Dlbromaailinai 

After repeated crystallisation from boiling alcohol containing a small quantity of 
toluene, It forms long colourless needles having a silky lustre and melting at 116*3^ 
(Kdrner); at (Wurster a. Ndlting). When heated in small quantity, it 


• NH* In 1. 
o 2 
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sublimes without decomposition in transparent Titreons imedles or prisms melting at 
the temperature. W hen gradually add^ to a mfiture of absolute alcohol and 
alcohol saturated with nitrous acid, it dissolTc# with rise of temperature and evolution 
of nitrogen, and the solution deposits a paatjmass of needle-shaped crystals which, 
after being heated for some time with ethyl nRrite in a flask with reversed condenser, 
then washed, dried, and distilled, yields unsymmetrical tetrabromobenzene (p. 170) 
(Komer, Gassetta, iv. 328; Wurster a. Nolting, Dmt. Chem. Qeg. Ber, viL 1564). 

Pentabromaniline, is formed bypassing bromine- vapour to satura- 

tion into a large quantity of water slightly acidulated with hydrochloric acid, and 
containing in suspension the hydrochloride of symmetric dibromaniline (p. 195). A 
bulky white precipitate is thereby formed, which may be washed with water, and 
purifled by solution in a mixture of a 1 vol. absolute alcoM and 2 vols. toluene ; pure 
alcohol at boiling heat dissolves it <|ily in very small quantity. The pentabromaniline 
czystallisos on cooling in large transparent needles, having an almost adamentine 
lustre, and not melting at 222^. It is notperceptibly attacked by ethyl nitrite at 
ordinary pressure and temperature (Komer, Gazzetta, iv. 368). 

On AcetohromanilideSt see Agbtjlnilidb (p. 4). 

Cliloraiiilines (mono*). (Beilstein a. Kurbatow, lAebig's AwixaUnh, clxxvi. 27 ; 
BeuU Chem. Gee. Ber. vii. 1395.) Parachloraniline, C“.NH®.H.H.C1.H“ (described 
in iv. 438 as the a-modidcation) is most readily obtained by reducing ^-nitAchloro- 
benzene with tin and hydrochloric acid. When the reaction is over, the liquid is 
diluted with water and distilled with excess of quick lime, and the base which passes 
over is freed from traces of adhering oil by dissolving it in hydrochloric acid, and 
again distilling with lime. Parachloraniline forms colourless rhombic prisms of 
93® 62^ melts and sublimes at 70®-71®, and boils at 230°-231®. [The chloraniline 
obtained by Mills from acetanilide (p. 193) boils at 69*69®, and is doubtless therefore 
the para-modiflcation.] The salts of parachloraniline are moderately stable, being 
but slightly decomposed by boiling with water. Their aqueous solution has an acid 
reaction. The hydroohloride* separates from solution by spontaneous evaporation in 
very fine large crystals. The atdphate, (Cl?H*OlN)*.H®SO\ forms shining laminse, 
very slightly soluble in cold water. The ntfrqfe, C*II"01N.HN0*, forms broadly 
laminar crystals, almost always having a faint rose colour. A hundred pts. of water 
at 12*6® dissolve 6’74 pts. of this salt.^ 

Metachloraniline, C*.NH* H.OLH*, prepared by reduction of metachloronitro 
benzene, is a liquid boiling at 230® (bar. 767*3 mm, ; thermometer in the vapour), 
and having a sp. gr. of 1*2432 at 0®. It is a moderately strong base. Its salts are 
moderately stable, being but partially decomposed by boiling with water. The 
hydrochloride^ C*H*C1N.IIC1, crystallises in shining laminse. very soluble in water and 
in alcohol of 90 per cent. The nitrate, C*H®ClK.HNO*, forms broad lanceolate 
crystals, of a light rose colour, slightly soluble in cold water, easily in hot water, and 
in alcohol of 90 per cent. The att5>A«A,,(OH*ClN)^H»SO*, crystallises in thick short 
needles, very slightly soluble in cold, much more easily in boiling water, somewhat 
soluble in boiling alcohol. 

Orthochlornniline, C•.NH^Cl.H^ maybe prepared by the action of tin and 
hydrochloric acid on liquid chloronitrobenzene, freed by decantation from the greater 
port of the solid modification. The two bases thereby produced may be partially 
separated by fractional distillation in a current of steam, the orthochloraniline, 
which is liquid, passing over first, so that the latter poitions of the distillate solidify 
in the condensing tube. To separate them completely, tlie more volatile liquid portion 
of the distillate is neutralised with sulphuric acid and distilled with water. The 
sulphate of orthochloraniline is thereby decomposed, the base distilling over, while 
the parachloraniline sulphate remains behind. The oithochloraniline may be further 
purified by crystallising its hydrochloride from dilute hydrochloric acid. Small 

a uan titles of the two bases may be separated by dissolving them in alcohol, adding 
^6 exact quantity of picric acid required to combirie with them, and ciystallising 
firom alcohol or benzene, in which the mrtho-picrate is much less soluble than the 
para-salt. 

Orthochloraniline is a liquid having a sp. gr. of 1*2338 at 0®, remaining fluid at 
— 14®, and boiling at 207®. Its salts are easily decomposed by boiling with water. 
The hydroehloTide, C*H*CIN.HC1, forms large transparent rhombic plates; 100 pts. 
of water at 15*2® dissolve 11*06 parts of it. The nitrate^ separates, 

on addition of nitric acid to an alcoholic solution of the base, in reddish needles. 100 
pts. water at 13*5® dissolve 10*2 parts of it. The mlphateiomB needles very soluble 
in water. 
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I>ichloranilin09t C*HSCl*.KE*.— Of these bodies there are six possible modifi- 
cations, analogons to the dib^maniliM (p. 194). Pive haTe been obtained, vis. 

1:2:3 1:3:4 

1:2:4 1:3:6 

1 : 2:6 

They may all be formed by reduction of the eoiresponding nitrodichlorobensenes. 

(1 : 2 : 3), produced by redaction of nitro-orthodichlorobensene, C*.N0*.01.C1.H*, 
melts at 23®-24®, boils at 262®, yields rnTracetyi-derivative melting at 166®-167^, and 
is convertible, by the diazo-reaction, into consecutive trichlorob^zene (Beilstein a. 
Kurbatow, Deut. Chem. Ges, Ber. x. 711). 

(1:2: 4). — This is the oAinary modification f/hich Hofmann obtained by boiling 
dichlorisatin with potash (iv. 440) ; but it ismorei^asily prepared, as shown by Griess 
(t6id.)?from acetodichloranilide. O. N. Witt {Deut, Cheni. Ges, Ber, vii. 1601) passes 
chlonne-gas into water in which acetanilide is suspended, washes the yellow greasy 
product with ice-cold alcohol, cr^tallises it from boiling alcohol, decompoMS the 
dichloracetanilide thus purified (m. p. 140®) by boiling with hydrochloric acid, and 
precipitates the resulting dichloraniline with ammonia. An easier mode of preparation, 
according to Beilstein a. Kurbatow {i6id. 176) is to dissolve 100 grams of acetanilide, 
with aic|^of heat, in a mixture of 625 cc. glacial acetic acid, and 360 grams of water, 
and pass into the solution the quantity of chlorine theoretically required to form 
acetcMichloranilide. The liquid then becomes darker and deposits acetmichloranilide 
mixed with a small quantity of acetomonocbloranilido. The precipitate is decomposed 
by boiling with alkaU, and the dichloraniline thereby obtained is freed f^m admixed 
monochloraniliue by dissolving it in warm, moderately strong hydrochloric acid, evap- 
orating to diyness, and treating the residue with hot water, which dissolves the 
hydrochloride of monochloraniline, leaving the dichloraniline undissolved. 

Dichloraniline (1:2:4) dissolves easily in alcohol, and crystallises therefrom in 
beautiful needles. From water, in which it is but slightly soluble, it separates iu fiat 
shining very flexible needles melting at 62*5®, and boils without decomposition at 
239® (Witt). According to Beilstein a. Kurbatow, it crystallises from weak spirit in 
long silky needles, melts at Gd®, ^nd boils at 246® (thermometer in the vapour). 
The h^fdrochloridct C®II*C1^N HCl, crystallises from solution in hydrochloric acid in 
stellate groups of highly lustrous needles, decomposed by water into hydrochloric 
acid and the free base. 

(1:2: 6) or (1:3: 6). — This modification is formed by reduction of 
C*.NO*.Cl.H.H.Cl.H, and, together with (1:3:4) dichloraniline end two trichlor- 
anilines, by chlorination of motacbloraniline. It forms colourless needles melting at 
60® (Beilstein a. Kurbatow, Deut, Chem, Ges. Ber, ix. 1688). 

(1:3: 4). — ^Formed, as abovv-meuttoned, by chlorination of (1 : 3) chloraniline ; 
also by reduction of (1 : 3 : 4) nitrodichlorobeuzeno. It is crystalline, melts at 71*6®, 
and boils at 272®, ® 

(1:3: 6).^Syni7netrical Dichloraniline . — ^This modification, formed by the action 
of tin and hydrochloric acid on (1 : 3 : 5) nitrodychlorobenzeneyCiystaUises Qrom water, 
in which it is moderately soluble, in long ^white brittle needles melting at 60*6®. It 
is decomposed by nitrous ether, with evolution of nitrogen, and on a£ling water to 
the resulting solution, metadi chlorobenzene separates in drops. The acet ^•derivative 
forms rtidiate groups of needles and dissolves readily in alcohol (O. N. Witt, Deut, 
Chem, Ges, Ber, viii. 143). v 

Triokloranilines, C*H^Gil*.NH*, — ^wo modifications are known, viz. — 1 : 2 : 4 : 6 
and 1 : 2 : 4 : 6. 

(1 : 2 : 4 ; 5) trichloraniline is formed by reduction of the correaponding nitrotri- 
chlorobenzene with tin and hydrochloric acid. It crystallises in colourless needles, 
melts at 96*6®, and boils at 270® (Lesimple, Is^ Sufpl, 921). 

1 : 2 : 4 : 6 is the ordinary jnodification which Hofmann obtained by the action 
of chlorine on aniline or monochloraniline (iv. 441). Beilstein a. Kurbatow (Z^ra^. 
Chem. Ges. Ber. viii. 1666) piepm it by passing chlorine into a solution of 100 pts 
aniline in acetic acid until the weight has increased by 229 parts. On adding water 
a precipitate is formed, which is distilled with soda, and the distillate boiled, first 
with weak and then with strong hydrochloric acid. This trichloraniline eryst^lises 
from petroleum-naphtha iu long brilliant needles, and dissolves readily in alcohol, 
ether, and carbon sulphide, less freely in dilate acetic acid. It melts at 77*6®, and 
boils at 260®. Nitrous acid converts it into symmetric tridilorobonzeDs. 

Xadnlliiieat The ortho-modification is unknown : the meta- and 

para-modifications are formed by reduction of the corresponding nitro-iodobeosenes. 
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Mt^ Silvexj laminae melting at 25^. Fora. Cblourlew needles melting at 60^. The 
latter is also formed bj the action of iodide on aiftline. (Compare !▼. 444, and 

Buppl, 921, tvhere, howoTer, the prefix is applied to the modification noir 

called TMta.) | 

SritraalUnasr Paranitraniline , — Both these modifica- 

tions are produced by treating acetanilide with fuming nitric acid, and distilling the 
resulting nitro-acetanilide wi& potash. Paranitraniline was thus obtained by Arppe 
(iv. 445). and has hitherto been supposed to be the onl^ product formed by this reaction. 
Komer, however, finds that the product likiNsise contains the ortho-modification, which 
Walcker a. Zincke first obtained by the action of alcoholic ammonia on orthonitru- 
bromobenzene.* The quantity of ^honitraniline form^ increases with the strength 
of the acid, which, however, must nft exceed sp. gr. 1*465, as otherwise the mixture is 
apt to take fire, even if cooled by ice. The acid of sp. gr. 1*464 — 1*466, freed from 
lower oxides of nitrogen, is placed, in quantities of about 20 ^ams, in small lakers 
surrounded by ice, and 6 grams of pulverised acetanilide is introduced en masse into 
each beaker. When the very violent reaction which occurs is over, the product is 
added to TOundod ice, then rapidly filtered, washed with ice-cold water, and quickly 
intioducod into an excess of a strong potash-ley. The mixture of nitranilines thus 
formed is submitted to distillation in a current of superheated steam until the distillate 
ceases to have an orange-red colour ; the orthonitraniline then separates from the 
distillato in beautiful orange-yellow needles, melting at 71*6®, and exhibiting all the 
properties ascribed to it by Zmeke. In successfiil operations as much as 14 or 16 
per cent, of the acetanilide is obtained in the form of orthonitraniline. Orthonitraniline 
may also be obtained by reducing orthodinitrobenzene with ammonium sulphide. 

Paranitranilins (1 : 4) is obtained from the residue of the distillation by boiling 
with water, and filtering hot, and may be decolorised by recrystallisation from boiling 
water in presence of a small quantity of animal charcoal, after the adhering potash 
has been neutralised with hydrochloric acid. It crystallises in large lamin® having 
a lemon-yellow colour, with iv^ure reflex, and melts at 146*9®. 

Metanitraniline (1 : 3), obtained by partml reduction of pure metadinitrobenzene 
(m. p. 89*8®), melts at 109 9®. Metamnitrobenzene is much more easily reduced to 
nitraniline than the corresponding ortho compound, ^ 

Dinitranilines, C*H®(NO*)*.NR*. — The unsymmetrical modification 1:2:4 
(NH* in 1) was discovered by Gottlieb (iv. 447), who obtained it by the action of 
alkalis on dinitrophonyl-citraconimide or dinitrocitraconanil, C*H*(N0®)*.N(0*li*0*), 
or on dinjtro-acetanilide, C*H*(N0*)®.N(C*H*0). It was afterwards obtained by 
Olemm (iT, pr. Che^n, [2], i, 146) from the corresponding dinitrochlorobenzene (m. p. 
60®, b, p. 315®) by heating with alcoholic ammonia. In like manner it may be formed 
from the corresponding dinitrobromo- or dinitroiodobenzene i also by heating dinitr- 
anisol (the methylic ether of (^1:2:4) dinitrophenol) with aqueous ammonia to 100® 
for three or four hours (H. Salkowsk', Deut, Chem, Ges, Ber. v. 872 ; vi. 130). It 
crystallises in light yellow prisms melting at 182®-183® ; dissolves in 132 pts. alcohol 
at 21® ; does not combine with acids. By reduction with tin and hydrochloric 
acid it is t inverted into triamidobenztne ; by the action of nitrous acid on its alcoholic 
solution, into metadinitrobenzene (Salkowski). 

The consecutive modification (1 : 2 : 6) obtained by heating the methylic or ethylio 
ether of (I : 2 : 6) dinitrophenol with aqueous ammonia, forms long dark yellow 
needles melting at 138®, soluble in 192 pta. of alcohol at 21®, and only slightly 
soluble even in hot alcohol. Heated to 120® for sevrrkl hours with absolute alcohol 
saturated with nitrous acid, it yields metadinitrobenzene, and a compound melting at 
1 10®, probably trinitrobenzene (Salkowski a. Bebs, JDeut, Chem, Ges. Ber, vii. 370). 

The existence of these two dinitranilines, and of the corresponding dinitroiodo- 
benzenes, dec., containing the t-yro nitro-groups in tfie same position (meta) affords 
additional proof that the substituted radicles in di-derivatives of benzene belonging 
to the series which includes ordina:^ dinitrobenzene and resorcin, cannot be in the 
relative position 1 : 4, as formerly supposed (Korner, Gaeeetta, iv. 324 ; see farther 
2nd 924), 

rr%H«rontNn«, OH*(NO*)*.NH* (1 : 2 : 4 : 6). — Pieramide . — ^This compound, 
discovered by Fisani (iv. 448), is obtained by the action of alcoholic ammonia on tri- 
nitrochlorobenMne, C*.Cl.NO*.H.NO*.H.NO*, or trinitrophenyl chloride (chloxopici^l) 
or on l^e ethylic or methylic ether of piano aCid. It crystallises from alcohol in thick 
yellow ^ates having a beautiful blue shimmer, and melting at 188® (Liebermann a. 
Palm, Deut, CKem, Ges, Ber. viii. 278). When treated with tin and hydrochloric acid 

* Compare Snd A»p/. 944, whore, however, the prefixes ortho auf* para are used in the wm ae oon- 
trarv to that now asBi^ed to them. 
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it ^ialda, not tatmnidob«iawM m might be expected, bnt in ooBBe^pienee of osidaitioB 
wnieh tehee jileoe doring tBe«eBetioQ baee wUoh ejqjmux to heve the oompo^tion 

0^*!® nu»i A8d liAn not been obtained in the fre^ etate : ita 

hydroc^oride and ealphate hare rApeetirely the formnl» C*H*N®0*.2HCn, and 
C*H*N^O^.H^SO^ (H. Salkowski, DeuL Chem^ Gts, Ber. r\, 139). 

jiction of Bieryl ChUrids on the B^iiranilineB . — ^Hetanitraniline and pi(^l diloride 
act on one another when diasolved in boiling absolute alcohol, with formation of para^ 

N \ (where /i, w, and w indicate respectively 

meta, para, and ortho) ; thiv compound crystallises ftom glacial acetic acid in small 
orange>yellow transp^nt crystals, melting at 20t^ ^ and insoluble in waterand ether, and 
only slightly soluble in boiling absolute alcohol. ^ Similarly paravicryl-paranitranUinef 

N j melting at 216®, is formed when picryl chloride acts on paranitrani- 

IH 

line ; this compound closely resembles the previously described isomeride, but is slightly 
more soluble in most scdTents. On nitration these two bodies furnish respect- 

ively iparapiciyl^metapicrylaniine and diparapicTyinmine, N -j C*H*(NO*)*m, and 

.C«H»(NO^)*ir 

N 1 melting at 261® and 23B® respectively, and exploding violently when 

in 

heated ; parapicryl-metapicTylamine regenerates parapieryl-metanitrani line when water 
is added to its solution in glacial acetic acid. 

ParadinitrophenylTnetanitraniline and paradinitrtphenylparaniiranilinet 

r C«n^(NO^)» i C*H*(NO*)ir 

K ] C*II“{N0*)Vi *^tid N -J C*H*(NO*)%r, are obtained by acting on alcoholic solutions 
* H 

of meta* and paranitraniline respectively with paradinitrobromobenzene (obtained by 
nitrating bromobenzene, and melting at 79®) in sealed tubes at 100®. These compounds 
meltht 180® and 181® respectively ; the former is sparingly, the latter easily soluble 
in glacial acetic acid. 

Dinitranilino and picryl chloride appear to yield an analogous pentanitrodi 
phenyha^nine-diparapiorylamine, which, though it has the constitution of an amine, 
nevertheless acta as a kind of acid, this character being communicated to it by the 

presence of the uumerous nitrybgroups. Thus, when treated with barium hydrate or 

- ’ 


carbonate, it forms Ba | O^H^NO*^' 


' t C*H«(N0>)*1> 

lises in slender needles soluble in water and in alcohol, and appears to be sufficiently 
liasic to form a salt with hydrochloric acid. 

The corresponding sodium-derivative treated with picryl chloride yields the tertiary 
0*n*(NO*)V 

compound, N -j C*H*(KO*)*ir (P. T. Austen, Deut, Chem. Gee, Ber. vii. 1248). 
^C*H’(NO*)»ir 

Brosno&itraiiUlnea, C J3[^r(NO^)4NH*) (Komer, Gaeeetta, vv. 371 ; Meyer a. 
Wurster, Liebig* e Annalent clxxi. 67). Of these bases there are throe known modifi- 
cations (ten are possible), represented by the furmuUe : — 

N H- , Kir Kir 


M. P. 




NX 

»0* 

104-6® 


O' 

Hr 

111-4® 


0 ' 

Br\/ 

161-4® 


(1). Ortkobromopar<mitranUine, (KH* : Br I NO**! ; 2 : 4), is formed by heating 
the cofrespofiding nitrodibromobeiizene (m. p 68'6) to 180®-1W® in sealed tubeafor 
several hours with a large excess of alcoholic ammonia : 

C*.Br.Br.H.NOfiH« + 2NH* - NH«Br C*.NH*.Br.H.NO* H>. 
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To Migrate the heae, the greater part of the alcohol is distilled off, ^e lemainiDg 
liquid is mixed with water, and the copious prMtpitata thdreby formed is crystallieed 
fScom boiHog water, or better from weak epiriu From the latter solution the base 
crystallises in slender canary-fellow needles mjiting at 104*5^. With strong hydro- 
cleric acid it forms a crystalline hydrochloridb, which dissolves but slightly in the 
strong amd, and is decomposed by water. 

The base dissolved in nitric acid and treated with nitrous acid, is quickly converted 
into the corresponding diazo-compound, the perbromide of which, when decomposed by 
alcohol, yields the original nitrodibromobenzene. The diazo-compound is converted by 
hydrio^c acid into nitro-orthodibromobenzene. 

The following reactions detennine the constitution of the base : — 1. It dissolves 
easily in ethyl nitrite mixed with a little alcohol, forming a solution which, when 
freed by distillation from alcohol tmd unaltered nitrouft ether, gives with water an 
oily precipitate, exhibiting, when ptqrified by distillation with steam, the characters 
of mste-nitrobromobenzene, • 

2. With reducing agents, it yields a bromodiamidobenzene, which, when treated 
with sodium-amalgam, is conrerted, by exchange of Br for H, into para-diamidobenzene, 

yielding quinone by oxidation. 

3. On passing air saturated with bromine through its solution in a large excess of 

hydrochloric acid, a heavy crystalline precipitate is formed, which, when recrystallised 
from a large quantity of boiling alcohol, yields long lemon-yellow needles consisting 
of dibromoparanitpaniline (ra. p. 202-6°). * 

The first of these reactions shows that the radicles Br and NO* stand to one 
another in the relation 1 : 3, while the second and third show that the NH* and NO* 
are in the position 1:4. Hence the formula above given (Korner). 

(2). Pa/rabro7noriho7iUranilinef (Nil* : NO* : Br= 1 ; 2 : 4), is produced: — 1, By 
heating nitroparadibromobonzone, C®.Br.NO*.H.Br.H*, with concentrated alcoholic 
ammonia to 160°-165°. The conversion is complete and unattended with formation 
of tarry products (Korner ; Meyer a. Wurster). This base is also produced by nitration 
of parabromaniline (Hiibner), and by heating the methylic ether of parabromortho- 
nitrophenol (2iid SuppL 916) with alcoholic ammonia to 190°-200°; but the action is 
slow, a considerable proportion of the methylh: ether remaining unaltered, even after 
heating for several days (Korner). • 

Parabromorthonitraniiine forms orange -coloured feltdd needles melting at 11 1‘4^, 
subliming without decomposition, and volatilising easily with vapour of water ; 
dissolves readily in alcohol and ether, sparingly in cold water, more freely in hot 
water. It does not form salts, hut dissolves easily in strong nitric and hydrochlorio 
acids, and is separated from these solutions by water in its original state. It dissolves 
in dilute hydrochloric acid at the boiling heat, and crystallises out again on cooliug. 
Its solution in hydrochlorio acid stains a deal shaving yellow, quickly changing to 
rod in contact with the air. The boiling aqueous soKtion dyes wool and silk a very 
fine yellow, which is not destroyed by soaping. By reduction with tin and hydro- 
chloric acid, it yields a hromodiamidobeniiene which is converted by sodium-amalgam 
into orfAodiamidobenzene, With ethyl nitrite at ordinary temperaturos it yields a 
diazo-amido-compound, which crystallises in large colourless rhombic plates, and 
when gently- heated with a mixture of^ ethyl nitrite and alcohol, is converted, with 
evolution of nitrogen and formation of aldehydo, into me/anitrobromobenzene (m. p. 
56*4®), When finely pulverised, parabromorthonitranilinff is suspended in dilute 
nitric acid, and air saturated with bromino-vaponr is passed through it till an excess 
of bromine is present, dibromorthonitraniline (m. p. 127,;3°) is produced, couvertible 
by ethyl nitrite into symmetric nitrometadibromobenzefie (m. p. 104*6°) : — 



Br • Br Br 


p-brom-o-nltranlUna Dibrom-o- m-nitro-m-ditaomo- 

altaranillne. benaene. 

(3). Jli^taAfWHorthoniiraniline, (NH* : NO* : Brai 1 : 2 : 6), is formed by heating 
nitrometadibromobenzene, C*.Br.NO*.H.H.Br.H ^m.p. 61*6°), to in sealed 

tub^s for twelve to fifteen hours with alcoholic ammonia, and being but elightly 
soluble in idoobol, separates in the tubes on cooling, in prisms or needle. A fwher 
quantity may be separated from the solution in concentratioo and precipitation with 
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water. Bt reezystalliBatioP frcm Ixu^^ alcohol it isobtaiiiod in largo tranapaMt 
reddish-yellow needles, haVtcg n &mt Une reflex. It has a ftint but agreeable 
odour ; melts at 151*4^, and sublimes martially in small scales ; is but very slightly 
soluble in water, even at the boiling li^t ; moderately soluble in hot, less soluble in 
cold alcohol. 1 

^ It dissolves with difficulty in acida From solution in nitric acid of im. gr. 1*38, 
it is precipitated in its original state by addition of water after a few hours ; but 
after a longer rime it undergoes transformation, and the solution then yields with 
potash a dinitro-metabromophenol, which crystallises in nearly colourless 
scales, melting at 81*4^. 

This nitrobromaniline, reduced by tm*nnd hydrochloric acid, rields a bromodi- 
amidobenzene convertible ^ sodium-amalgam into orf Aodiamidobensene ; treated 
with ethyl nitrite, it yields pflranitrobromobencen which, after purification, melts at 
125*6®. The bromine is, therefore, in the para-pcsition with respect to tlie NO", and 
this latter is in the ortho-position relatively to the NH", as represented by the third 
structural formula on p. 199. 

Dibromonitranilines, C*II*Br"(NO®).NH*. 

(1). DiorthobromoparanitraniHriet (NH* : Br : NO* : Br- I : 2 ; 4 : ej.—This base 
is formed : 1. By the action of bromine on hydrochloride of paranitraniline. 2. By 
passing .bromine- vapour to saturation into hydrochloric acid in which orthobromo- 
paranitraniline(p. 199) is suspended. 8. By healing nitrotribromobonEone (m. p. 1 11 *9°) 
to about 150® in sealed tubes with alcoholic ammonia. 4. By treating the methylic 
ether of paranitro-dibromophonol, C*.OOH*.H.Br.NO*.Br.H, in the same manner. 

This base is nearly Insoluble in water, and very slightly soluble in cold alcohol, 
but ciystalLises from a lar^e quantity of boiling absolute alcohol in long thin light yellow 
needles, having a very faint blue reflex, and melting at 202*5®. It dissolves in mtrio 
acid of sp. gr. 1*38, forming a nearly colourless solution, from which it is precipitated by 
water in its origin^ state. Heated with strong potash-ley, it is converted into a red 
potassium salt [? C*H*Br*(NO*)NK*], from which it Is reproduced by the action of 
water, or of dilute acids. By ethyl nitrite it is readily converted into s^m^trio nitro- 
dibromobenzene. By exchange of NH* for Br, by the diazo-reaction, it is converted 
into nitrotribromobenzene, C*.Br.Lr.H.NO*.H,Br (m. p. Ill *9®). Those reactions, 
together with its modes of formation, show that it has the constitution above indi 
eated : — 


Kll 



KO* ICO* NO* 


(2). DihromorihonUranilitte, (NH* : NO* ; Br : Br » 1 ; 2 : 4 : 6), is formed : 
1. By the action of bromine on the hydrochlorid’e of orthonit ran iline. 2. By the action 
of bromine on orthonitropaTabromaniline^> 8. By the action of alcoholic ammonia on 
dibromorthonitranisol, G*.OCH*.NO*.H.Br.H.Br. 4. By the action of the same 
reagent on nitrotribromobenzene, C*.Br.NO*.H.Br.H.Br (m. p. 119*6®). 6. By nitra- 

ting ordinary acetodibromanilide, and treating the resulting nitro-compound, 
C3*.NH(C*H*0).N0*.H.Br.H.br*with alcoholic ammonia. 

This base is considerably more soluble in alcohol than the para- compound last 
described, and crystallises therefrom on cooling, in stellate groups of transparent 
orange-coloured needles, which melt at 127*3®, and begin to sublime at the same tem- 
perature. It is hut slightly snluble in cold water, somewhat more in hot water, 
moderately soluble in adds, 9,g. in nitric acid of sp. gr. 1*38. 

By ethyl nitrite, this base «8 easily converted into symmetric nitrometadibronio- 
benzene (p. 177)# and, by substitution of bromine for the residue NH*, into nitro-tri- 
biomobenzene melting at 119*6® : — 



Sr e 
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TribromonitranilineB, 0*HBr^NO*).NH*. 

(1), Tribromarthonitraniline, (NH* : NO* j Br : Br*: Br* 1 : 2 : 4 : 5 : 6), is pro- 
duct by expoBiug (1 : 2 : 4), bromonitraniltfe (p. 200) suspended in hydrochloric 
acid to a current of air charged with brominjfryapour. It crystallises from alcohol in 
small lemon-yellow needles, melts at 161 '4^ and is conrexted by ethyl nitrite into 
nitrotribxoxDobenzene, 0*.NO*.H.Br.Br.Br.H, melting at 111*9®. This reaction and 
its mode of formation indicate its constitution: 


NH* NH* 



(2), 7Wfiro»ioTOetewi^r<i«*7iW,(NH* ; Br : NO* : Br : Br^* 1 : 2 : 3 : 4 : 6), is formed 
by passing a ctufront of air saturated with bromine-vapour through a dilate solution 
of metanitranilme in excess of hydrochloric acid, and separates at first in yellow- 
brown drops, which subsequently concrete into a light greenish-yellow crystalline 
precipitate. On washing this precipitate with water to remove hydrochloric and 
hydrobrotnic acids, then drying, and repeatedly crystallising from hot alcohol, it is 
obtained in transparent needles having a light greenish -yellow colour and strong 
vitreous lustre, and usually Rouped in stars. It dissolves very easily in alcohol, and 
melts at 102*6®. Ethyl nitrite converts it into nitro- (1 : 8 : 5) bromobenzene 
(p. 181). This reaction, together with its formation from metanitraniline, indicates 
its constitution : - 


NU’ 

/\ 

j 1 

NU» 

ljr/\Br 

1 

• 

Br • 

X^cv 

Br 


Cliloroiiitraiilllsiaat C*H*Cl(NO*)(NH*), (Korner, Gagzttta^ iv. 378 ; BMlstein 
a. Kurbatow, Deut, Chzm* Oes, Ber, ^x. 638 ; Liebufa Annalen^ clxxxii. 94). The 
known compounds of this group are represented by the following formulae : — 

NVP NIP NIP NIP 






m.p. 116*4® 124®-126® 117®-118® 104®-106® 166®-167® 

(1) . J^ra4ihloroHlumUranUtnet (nA* : NO* ; 01 = 1 : 2 : 4), is obtained by heating 
nttroparadichloTobenzene to 166® in sealed lubes with alcoholic ammonia, distilling on 
the greater part of the alcohol, precipitating and washing with water, and reciy^stallis- 
ing from boiling water. It forms splendid needles sometimes flattened, having a deep 
orange-yellow colour, a peculiar odour, and melting at 1 JO 4® (Korner) ; at 1 16® (B. and 
K.), that is to say, at a higher temperature* than the corresponding bromonitraniliue 
(p. 200). From alcohol, in which it is very soluble, it crystallises by spontaneous 
evajjMratiou in splierical groups of ncodles of a still darker colour, approaching to 
bricK-red. It is slightly volatile even at ordinary iemperaturos, and tinges pi^r 
yellow even at a considerable distance. With ethyl nitrite it yields (1 : 8) nitro- 
chlorobenzene ; and by reduction, and prolonged treatment of the resisting bromo- 
diamidobenzene with sodium- amalgam, it is converted into (1 : 2) diamidobcnzcnc. 
Those reactions show that the radicles in this nitro-cbloraniline are disposed in the 
manner above represented (Korner, GttzzettOt iv. 873). 

(2) , Mataeh^ar thonitr aniline f (NH* : NO* : Cl =» 1 : 2 : 6), is obtained by heating 
paranitrometadiohlorobenzene, C*.Cl.H.Cl.NO*.H* (p. 186), to 160® in sealed tubes for 
eight to twelve hours with alcoholic ammonia, partially distilling off the alcohol, pre- 
cipitating with water, and recrystallising from hot alcohol (Korner). It may also be 
prepared firom fa-chloraniline, by first converting this base by means of acetyl 
chloride into metaohloracetauiltde (ciystals melting at 62*5®), and treating this com- 
pound with a mixture of nitric and sulphuric acid, whereby two nitro-dexTratives am 
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fonnad, one of wlueh/ when^f»eompoaed hj boiling with nolution of iodhim oarbonoto, 
yieldo a distillate containing meta^cgorthonitrauiline (Beilstein a. Knrbatow, Dmit^ 
Ckem. Ges, Ber. ix. 634), 

MetacMororthonitraniline ciystallitj^ fk>ni alcohol in verj thin yellow laminn 
seveiai millimeters broad ^Eorner) ; from carbon sulphide, in which it is Teiy slightly 
soluble, in yellow needles having a golden lustre (Id. and K.) It melts at 123*2 , 
and begins to sublime at 112^ (Korner); melts at 124^-126^; and its acetyl-deriva- 
tive at 115° (B. and X). It dissolves easily in strong nitric and h^rochlorio acid^ 
forming colourless solutions, from which it is precipitated unalterea by water. It is 
much more soluble in alcohol than the Corresponding bromine-compound* elh^l 
nitrite it is rapidly converted into parachloronitrobcnzene. By reduction with tin 
and hydrochloric acid it*yields monochloroi;/thodiamidobenseDe, which, by the 
prolong^ action of sodium-amalgam, is converted into orthodiamidol^nzene (BlSmer). 

(»J. OrthochlorometanitranUirte, (NH* ; Cl : !NO*- 1:2: 6). — Prepared like the 
preceding compound, by nitration of orthochloraniline. Oiystallises in easily soluble 
needles, melting at 11 7°-l 18°. Its acetyl-derivative forms col ourlbM needles, melt- 
ing at 163°-154°. The base, treated with alcohol and nitrous acid, u convert^ into 
j9-chloronitrobeDzeno (Beilstein a. Eurbatow). 

(4). Orthookloroparanitraniline, (NH* : Cl : NO**- 1 : 2 : 4). — Prepared by heating 
dichloz^nitrobenzeno, C*.C1.C1.H.N0*.H* (m. p. 43°) with ammonia to 210°. Oz^stal- 
lises in light yellow needles, easily soluble in alcohol and carbon sulphide, melting at 
104°- 106°. Its acetyl-derivative forms colourless needles melting at 189°. The 
base is converted by nitrous ether into metachloronitrobenzene. 

(6). MeiachloroparanitranUinet (NH* : Cl : NO* — 1 ; 3 : 4). — Formed, together with 
m-chlor-o-nitraniline, by nitration of m-ehloracetanilide, &e. Crystallises from benzene 
in yellow laminae melting at 166°-167°; its acetyl-derivative melts at 141°-142°. 
By treatment with nitrous ether the base is converted into orthochloronitrobenzene, 
molting at 32*6° and boiling at 243° (Beilstein a. Xurbatow). 

Chl&robromorthonitranilingt C*.NH*.NO*.H.Cl.H.Bp. (1 : 2 : 4 6). — ^This base is 
produced by passing air charged with bromine-vaTOur through moderately strong 
hydrochloric acid, in which finely pulverised paracluororthonttraniline is suspended. 
As the point of saturation is attained, the volume of the liquid increases considerably, 
and the chloro-brominated base separates in the form of a microcrystalline chrome- < 
yellow powder. After washing with water and recrystallisation from alcohol, it forms 
long shining transparent neeclles of a light orange-yellow colour, very much like the 
crystals of potassium picrate, and like the latter trichroic. It melts at 106*4°, and 
may be sublimed. Ethyl nitrite converts it into symmetric nitrochlorobromobenzene 
(p. 187) (Korner). 

Dichloronitrani lines, 0*H*C1XNO*)(NH*). — ^Two modifications are known, 
one having its two chlorino-atoms in the para-, the other in the meta-position. 

(1). Paradichloranitraniline is formM heating iS-dinitroparadichlorobenzene 
(p. 186) with alcoholic ammonia to 160°-16(>° for several days ; — 

0*H*C1*(N0*)* -I- 2NH* - N* 4. 2H*0 + 0»H*Cl»(NO»)(NH*). 

By concentrating the contents of the tpbe, precipitating, washing witli* water, and 
distilling with steam, it is obtained in yellow newles, melting at 66*4°, and easily 
subliming. By the action of ethyl nitrite it is converted into nitroparadichloroben- 
sene (m. p. 64 6°), which, when heated with alcoholic ammonia, yields parachlorortho- 
nitraniline (m. p. 116*4), and fiiis W the ^action of ethyl nitrite is converted into meta- 
chloronitrobenzene (m. p. 48°). These transformations, as well as its formation 
from ^-dinitroparadichlorobenzene, are consistent uith either of the following* 
Ibrmulie : — 

Nn* a Nil* 



WO* 

1 : 2 : 3 : 6. 1 : 8 : 4 : 6. 


(Xomer, iv. 363). 

(2). MeiSMchlaroparanUraniUne^ 0*.NH*.C3.H.NO*.H.Cl. — O. N. Witt {DenU. Chem, 
Gsir &r. vii. 1601) prepares this componnd by adding acetodichloranihdo (p. 6) to 
ice-cold nitric acid of |p. gr. 1*61, pouring the mixture immediately into los cold 
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water, recijetalliBing the product from alcohol* and de<;p]ftposiiig the resulting 
nitTodichloranilide, ^H®C^N0*).NH(0®El* 0), im. p. 188®), by quickly heating it with 
hydrochloric acid to 160®-! 80®. The dichlopnitraniline thua obtained crystalliBes 
from alcohol in tufts of orange-red needles Inelting at 100®* By treatment witli 
nitrous ether it is converted into symmetric nitrodichlorobenzene (NO- : Cl : 01 = 
1:3:6) melting at 64®-66®. 

Eomer {Gagzetta, iv. 276) prepares the same dichloronitraniline bypassing a 
very slow current of chlorine through a cooled solution of parsnitraniline in a la^e 
ezcBSB of hydrochloric acid, and treating the resulting yellow precipitate — after washing 
with water and drying — with a large quantity of boiling alcohol, which leaves undis- 
solved a quantity of metallically Lustrous scales consisting of tetrachloroquinone, 
while the ^coholic solution on coolipg deposits a crystalline magma of the dichloroni- 
traniline, still mixed with a small quantity of tetrachloroquinone which cannot be 
sepbrated by crystallisation. If, Imwever, th^ dichloronitraniline, without farther 
purification, be subjected to the action of nitrous ether, it is convert^ into symmetric 
nitrodichlorobenzene, which may be separated by distilling off the greater part of 
the alcohol, adding potash, and distilling in a current of steam, the tetrachloroquinone 
then remaining in the form of a potassium salt. 

The formation of this dichloronitraniline by the processes above mentioned would 
not of itself be sufficient to determine the positions of the two chlorine-atoms ; but its 
conversion into symmetric nitrodichlorobenzene by the action of nitrous ethef' shows 
that it must likewise have its two chlorine-atoms Byrnmetrically situated with regard 
to the nitryl, and as it is moreover derived from paranitraniline, its constitution must 
be reprt Bonted by the following formula : 

NH* 

ci/\ci 

NH* : Cl : NO* : a 1 : 2 : 4 : 6 

or NO* : Cl : NH* : Cl == 1 : 3 : 4 : 6. 

NO* 

lofionttranllliie. An iodonitraniline, probabiy baying the structure 1 : 2 : 5 or 
C*.NH*.NO*.H.H.I.H, is formed by heating mtromet^iiodobenzene, C*.I.NO*.H.H.I.H, 
(m. p. 168*4®), with alcoholic ammonia to 170® for several days. It is purified by 
washing with water and recrystallisation from absolute alcohol, which latter operation 
must be performed in sealed tubes, inasmuch as the compound is but very sparingly 
soluble in alcohol boiling under ordinary pressure. It forms large lanceolate steel- 
blue laminro, which, when sufficiently thin, appear yellow by transmitted light. It 
does not melt at 220®, and is not attack^ by ethyl nitrite (Kbrner, Gacsetta^ iv. 
386). 



Alcoholic Derivatives of Aniline. 


•o 

HCetliylAiiIllnes. Hofmann {Deut, Ohem* Ges. Ber. vi. 338) finds that com- 
mercirtl methylaniline, boiling at 190®-193®, is a mixture of monomethylaniline with 
an line and dimethylaniline. The aniline is easily removed by adding dilute sulphuric 
acid as long as aniline sulphate separates out; and by ti^eating the remaining liquid 
with an alkali, a mixture of mono- and di-metbvlanilfae is obtained, which may be 
easily separated by treatment with acetyl chloride, whereby the monomethylaniline is 
converted into methylacetanilide, while the dimethylaniline combines with the hydro- 
chloric acid formed in the reaction : ^ 

0*H».NH(CH») + C*H*.N(CH»)* + C*H»OCl « C*H*.N(CH»)(C*H*0) 

+ C*H*N(OH*)*.HCl 

On pouring the product into hot water, the methylacetanilide separates on 
cooling in splendid long needles, and the mother-liquor, when concentrated, yields a 
further quantity of this compound, wliile dUnethylaniiine hydrochloride remcuns in 
solution. On distilling this liquid with an alkali, dimethylamine passes oyer first, 
and tiien more methylacetanilide. This last compound melts at 104®, and distils be- 
tween 240®-260®. It is slowly decomposed by alkalis, much more quickly by hydro- 
cblorie acid* yielding fustic acid and hydro^oride of methylaniline, frign which the 
pure base may be obtained by distillation with an alkali. 

Pure methylaniline has a sp. gr. of 0*976 at 15®, and boils at 190®-! 91®. It does 
not give a violet colour with bleaching powder; neither doe^its oxalate yield aniline 
when heated. 
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Dimethylaiiilina boOs at 190°-.191^ (Hoftnaim). VHiftn it is heated to 160^ 
for some hours nith phaspftorus tridiloride» a lam quantitj of methTl chloride ia 
glTen off, and the aqueou solution of ^e residue ^yes yrith caustio woqa a precipi- 
tate containing muti dimethylaniline ; and on remoying this by water, and crystal- 
lising the residue ftom aloonol, a white crystalline basic substance is obtained, 
apparently consisting of the phosphine base. P[CS*H^ — (J. Hanimann. 
£eut. Chism, Get, Ber, ix. A4d). 

DiTMihyUirQmanilinBt C*H^Br.N(CH*)*. is formed on adding bromine to a aolntion 
of dimethylaniline in acetic acid, and may be precipitated from the solution by addi- 
tion of water or caustic soda. It cxystallises from alcohol in silvery plates melting 
at 65^. Its hydrochloride is deliquescent, and yields a oiystallisable platinum salt 
(Weber, Beui, Cksm, Ges. yiii. 714). 

Niirimsthylaniline, C*H*.NH(OH^O*). appeifrs to be formed by the action of 
anility on moist mercuric fulminate (p. 192). • 

DimsthylnitranUinet C*H*(NO*).N(CH*)*, is obtained as a crystalline precipitate 
on adding strong nitric acid to a solution of dimethylaniline in 12 to 16 pts. of glacial 
acetic acid. It is slightly soluble in hot water, freely in alcohol, ether, and benzene, 
and crystallises in needles melting at 162^-163^ \ does not combine with hydrochloric 
acid (Weber). 

DiTncihylnitroaanilirUt C*H‘(NO).N(CH*)*. — The hydrochloride of this base is 
formed'by the action of nitrous acid on the hydrochloride of dimethylaniline : 

C*H*.N(CH*)».HC1 + NO*H - H*0 + C*H\NO).N(CH»)*.HCl. 

To prepare dimethylnitrosaniline, 100 pts. of amyl nitrite are added to a mixture 
of 50 pts. of dimethylaniline with 100 pts. of concentrated hydrochloric acid, and 760 
pts. 01 a mixture of 1 vol. of hydrochloric acid with 2 vols. of alcohol which is well 
cooled with ice. After a short time , yellow needles separate ; as soon as these no 
longer increase in quantity, the mass is thrown on a vacuum-filter and washed with 
ether-alcohol. An almost quantitative yield of pure dimethylnitrosaniline hydro- 
chloride is thus obtained, in the form of small sulphux^yellow needles ; these melt at 
177®, but are apparently decomposed ; they dissolve in water, forming an intensely 
yellow solution. On adding potassium carbonate to the hydrochloride suspended in 
water, the pure base separates in green fiakus ; it may be extracted with ether, and 
on evaporating the solution, is obtained in large green plates, which melt at 92®. and 
are slightly volatile in a current of steam. The sulphate and nitrate of the base are 
obtained in fine yellow needles on adding sulphuric or nitric acid to an ethereal solu- 
tion of dimothylnitrosaniliDe. Dimethylnitrosaniline is easilpr reduced by tin and 
hydrochloric acid, a base different from dimoth vlaniline being produeecL When 
boiled with an alkali, it is resolved into dimethylamine and ni t rosophenol : 

C*H*(NO).N(CH*)* H*0 - NH(CH*)* + C*H«(NO)OH 

(Baeyer a. Caro, JDeut. Chem, Gea. Bar, vii. 8jp9, 963), 

Btliylanllliie or BtHylamSdobenxaiiev OH*.NH(O^H*), and Amldo-eUiyl* 
benxeMt CH*((?H*).NH^ (A. W. Hofmann, Beut. Chem, Gea, Bar, vii. 626). Ethyl- 
aniline bolls at 204®-205®, forms with platiniy chloride an oily salt which gradually 
solidifies, and does not yield a crystalHne salt with sulphuric acid or with aqueous 
hydrochloric acid ; when, however, dry hydrochloric acid gas is passed into it. the 
liquid solidifies on cooling to a white crystalline mass. 

Now when the ethylaniline hydrochloride thus obtained is heated in sealed tubes 
to 300®-330® for about three hours, it changes into a brown hoDey<*like syrup, which 
does not exhibit any crystalline structure even after cooling ; but if the heating be 
continued for twelve to eighteen hours, the syrup again changes to a mass of crystals 
imbedded in a brown resinous mother-liquor ; and on tr^ting this mass with water, 
which dissolves only the cryst&lline constituent, and mixing the filtered solution with 
alkali, a basic product is separated, the greater i»rt of which distils between 212® 
and 216®, the thermometer, hpwever, ultimately rising to 230®. showing that bases of 
higher boiling point are also present. 

The base distilling between 212® and 216P yields a platinum salt having the 
same percentage comp^ition as that of ethylaniline, but. unlike the latter, crystallising 
immediately in beautiful stellate groups of needleot Moreover, a drop of the I^e 
brought in contact with dilute sulphuric or hydrochloric acid immediately solidifies 
to a sparingly soluble ezystaUiue mass. These characters, together with the higher 
boiling points show that the base in question is not idendcal, but isomeric with eti^l- 
aniline. Fu^er, this base, when repeatedly treated with methyl iodide, is convened 
into the iodide of a trimethylated ammonium base, 

showing that It* is no Ifinger a secondary but a primary anune. The ethylainido* 
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bcncene bM in foet been eonreited, by n shifting «t th» e^l>gMfnp> intoanude-^yl* 
benzene: 


lemldobeniefbe 


nJc*h* 

IH 

Fhenyl-etbylamine 



Ih 

Bthylopbenylaaxiine 


Anudo-ethyl-benzene obtained as above is identical iritb the a>i^lidiiie» boiling at 
213^>-214‘* (Beilstein a, Knpfer), at 212^ (Hofmann a. Martins)^ which is obtained by 
reduction of o-nitro-etbyl-benzene (1«^ Sufpl. 292, 1181]^ 

The higher-boiling portions of the basic products obtained by the action of heat 
on ethylaniline hydrochloride likewise consist mainly of amido-ethyl-benzene, mixed, 
however, with a small quantity of base having a diethylated phenyl-nucleus, Hrhose 
formation may be represented by the equation : 


2| CH*.NH(C^») I =. + OWJIH*. 


Action of Nitrous Add on Ethylaniline,- — Griess formerly obtained by this reaction 
water, alcohol, and diazobenzena nitrate (iv. 430); but from recent experiments 
(Deut, Chem. Ges, Ber. vii. 218) be finds that the chief product is nitroso-ethyl- 

jjlQ 9 which is easily obtained by passing a not too rapid 

current of nitrous acid into a solution of ethylanilind in dilute hydrochloric 
acid, or by mixing the solutions of ethylaniline hydrochloride and potassium nitrite. 
It is a heavy, yellowish oil, smelling like bitter almonds, and dissohdng freely 
in alcohol and ether. It is perfectly neutral, and combines neither with bases 
nor with acids. On distilling it, the greater part is completely destroyed, and on dis- 
solving it in strong hydrochloric acid or nitric acid, it is soon decomposed, with evolution 
of gas. On adding water to the solution in nitric acid, after it has stood for some 
hours, a compound is procipit^ited, which crystallises from alcohol in yellow needles. 
When an alcoholic solution of nitroso-ethylaniline'is treated with zinc and sulphuric 
acid, it is re-converted into ethylaniline. * 

k 

Amylcinillne or Amylamiaobenzenet iLmldo-amyl- 

benzene^ C*H*(C*H*‘).NH* (Hofmann, Deut. Chem. Gcs. Bcr, viii. 629). Amylaniline 
prepared hy heating aniline hydrochloride with amyl alcohol to 200® for twelve hours, 
and fractional distillation of the product, or by heating amyl iodide with aniline, 
boils at 268®, and exhibits the ordinary properties of secondary amines— that is to say, 
it does not solidify to a crystalline salt with either aqueous hydrochloric or sulphuric 
acid, and forms with platinic chloride an oily compound which slowly solidifies. 
When, however, it is saturated with dry hydrogen chloride, and the resulting hydro- 
chloride is heated in sealed tubes to 300®-340® for about twelve hours, a change takes 
place similar to that which is observed in the case of ethylaniline, a crystalline mass 
being form#d, surrounded by a resinou^ substance ; and on dissolving this crystallino 
product in water, and treating the filtered solution with an alk^, a basic oil is 
obtained, boiling at nearly the same temperature as amylaniline, but differing from 
that base in all its other properties, forming an easily fusible, but well-ctystallised 
hydrochloride, a sparingly soluble, crystalline sulphate, and a well-ciystalUsed platino- 
chloride having the same percentage competition as thilt of amylaniline. Moreover, 
when heated with methyl-iodide it takes up three methyl-groups, and is converted into 
the quaternary iodide, (OH*.C^H")(CH*)*NI, These reactions show that the hydro- 
chloride of amylaniline undergoes when heated a molecular transformation similar 
to that which takes place in ethylaniline, the amyl-gloup which in the amylaniline 
is directly united with the hydrogen, b6in|; transferr^ to the phenyl-group, and the 
secondary amine being thereby converted into a primal^ amine : — 

• - C*H*(0*H“).NH*. 

Amjlamido-betuMme Amldo-am/l-benMoe 

or AmylauiUne. or Fheayl-amylami&e. 


The molecular changes thus brought about by the action of heat on the hydxo- 
chlprides of ethyl- and amylaniline are exactly similar to those previously obs^ed 
to take place in the methylanilinee, whereby a quaternary compound was first 
converted into a ternary, this into a secondary, and the latter into a piimaiy amine 
l2nd 8uppl, 57)> 
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mplimylvmlMi KH(<ra[*}*. OommKCMX dipbtfiylieifti]i«» After tmunent with 
hydzoohl 0 rMd.d, and rqpeAUft Ty twlliBatiott fttan hit ligraSh^ Ibrra white illdiuiigplA^ 
resembliiig iftphthaleiiA, and meltiiig at 64^ (oldar statements giTS 46^ as the*m«ltiiig 
point). ^ It has n very hint odour when oold» becoming stronger on warming. 'Warm 
sulphunc acid dissolves it wlthont ooloratiGn, but on raising the solution to a higher 
temperature, a deep blue tint is produced, ultimatelj changing to bluish green (llers 
a. Weith, Deut, Chrm, Gm. Ber. vi. 1511). 

Iheomfoaitum by Beat , — When diphenjlamine is passed through a red-hot tube, 
the ibllowing reactions take place : — 

OvbaJtol > 

^ NH(C*H»)* + H* - 0»H*NH» 

NH(C*H‘)* +2H* « 2C«H* + NH*. 

Methyldiphenylamine is decomposed at a much lower temperature than diphenyl- 
amine, but no methylcarbazol is formed. A great quantity of carbon separates out in 
the tube, and the volatile products consist of benzene, aniline, benzonitril, diphenyl- 
amine, carbazol, hydrogen, marsh-gas, and nitrogen. In this reaction, therefore, the 
methyl'^^up is first eliminated as marsh-gas, and the diphenylamine thus formed 
yields carbazol, aniline, and benzene. The formation of benzonitril is explained by 
the equation : 

N(CH»)(C«H»)* « OH‘.CN C«H* + H* 


(Qraebe, Liebig* e Annalan^ clxxlv. 177). * 

Action of Carbonyl chloride on Diphenylamine , — When this gas (phosgene) is 
passed at 86^ into a solution of diphenylamine in ligroi'n, the compound 

CO <Cn(OII*)* produced, which, when treated with ammonia, aniline, or diphenyl- 

amine, is converted into a phenylated carbamide (MicWer, Deut, Chem, Gee, Ber, viii. 
1664), 

Action of Ethyl-chlorocarlonafe*r-^'W\Letk solutions of this ether and diphenylamine 
in benzene are mixed and genvly heated, dipbenylamine hydrochloride is deposited, and 
the filtrate leaves on evaporation a crystalline mass, which, after crystallisation from 

amyl-alcohol, yields diphenylurethanc, slender colourless prisms 

melting at 66°-72°, and rema^uiiig uiialtert*d when digested with aniline ; 


2NHCC*H‘)* + = NH(C-H‘)«.nCl + 

(Merz a. Weith, loc, cit.) 

Action of Oxalic Acid . — When diphenyh^ine is heated with oxalic and hydro- 
chloric acid, formodi phenyl amine, (C*li*)*N.uOH, is produced, together with a blue 
colouring matter which appears to contain the hydrochloride of a complex amine, formed 
from several diphenylamine-residi'es united by a carbon-atom, or by the fl^up CH or 
CH* (Girard a. Willm, Bull. Soc. Chim f2], xxiv. 99). " 

D iphe ny I ami ne-Bul phonic acids. — When 6 pis. of strong sulphuric acid are 
digested with 6 pts. of diphenylamine, and the product is treated with hot water, a 
considerable quantity of unaltered diphenylamine remains undissolved, and the liquid 


alcohol, easily soluble nodular crystals, consisting of barium diphanylaminediaidpho- 
note, C'^*N(SO*)*Ba. Diphenylamine-monoaulphonie acid is obtained by decomposing 
its barium mU with sulphuric acid. It forms a crystalline mass consisting of white 
leaflets, which become blue on exposure to the air, and melt, with decomposition, at 
200®, yielding diphenylamine "And sulphuric acid. The potaamium aali^ C**H**NSO*K, 
forms white shining leaflets easily soluble in ^ater and slightly soluble in alcohol. 
The Uad eaU, (C”H**NSO*)^Fb, forms tufty or nodular crystals slightly soluble in 
water. 

The snlpho-acids of diphenylamine give a deep violet colour with potassium 
chlorate, and a solution of either of these sulpho-acids in hydrochloric acid gives a 
green colour with potassium permanganate, green flakes being finally deposited. 
Moreover, a tint similar to that of iodine dissolved in carbon sulphide is produced by 
heating either of these sulpho-acids with oil of vitrol. 

When diphenylamine is heated to 205® with sulphuric acid, sulphur dioxide is 
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erolved, and the product containa, not onlj the aulpho-adda already deaeribed, but 
aUo a Irnwn aubstance inaoluble in water, soluble in alk&lia, and precipitated by adds 
(hfers a. Weith). 

The diphenylamine-Bulphonic acids heated to 200^^ with small quantities of hydro- 
chloric acid are resolved into sulphuric acid and diphenylamine (Q-ixard, Bull, 800 
Chim. [2], xxiii. 2). 

Alcoholic Derivatives of Diphenylamine obtained by the action of diphenylamine 
and hydrochloric acid, in ya^ng proportions, on different alcohols. Methyldiphenyl- 
amine boils at 282®, ethyldiphenyJamine at 295^-297*^, amyldiphenylamine at 330®- 
340®. Thsse substances, heated with oxalic acid, or with oxalic and sulphuric acid, 
are converted into blue colouring matters (Girard, Bull. 800, Chim, [2], xxiii. 2). 

Derivatives of Diphenylamine containing Add Badioles, — Formodiphenylamine, 
(OH’)^N.COH, is produced, with elimination of water, by the action of formic acid on 
diphenylamine, and occurs, as already mentioned, amongst the products of the^action 
of oxalic acid on diphenylamine (p. 207). It is insoluble in water, but soluble in 
bensene and in alcohol, crystallising froni the latter, by spontaneous evaporation, in 
large orthorhombic crystals. Treated with sulphuric acid it evolves pure carbonic 
oxide ; the action both of reducing and of oxidising agents reproduces diphenyl- 
amine. A solution of potassium hydrate, or water alone at 140®, causes it to iqplit up 
into formic acid and diphenylamine (Girard a. Willm). 

Acetyldiphenylamine, N(0*H*0)(C*II^)®. — ^^^en acetyl chloride is fidded to 
a solution of diphenylamine in benzene, a crystalline precipitate is formed, which 
increases in quantity on the application of heat ; and the hltrate yields on evaporation 
a crystalline residue of acetyldiphenylamine, which, after repeated crystallisation 
from ligroin, is obtained in colourless plates, melting at 95® (Merz). 

Bromo diphenylamine (R. Gnehm, Chem, Ges, JSer. viii. 926).— Hofmann, 
by treating an alcoholic solution of diphenylamine with bromine, obtained tetrabro- 
modiphenylamine, NH(C*H*Br*)*, as a yellowish precipitate easily soluble iu alcohol 
and crystallising therefrom in beautiful needles (iv. 453). According to Gnehm, this 
compound cryst^lises in colou!rless transparent needles or prisms, insoluble in water, 
only sligfitly soluble even in hot alcohol, eanily soluble in benzene, and melting at 
182®. Heated with acetyl chloride, it yields acetotetrabromodiphenylamine, melting 
at 188®. 

Hexbromodiphenylamine, NH(C*H*Br*)*, is obtained, together with tetrabromodi- 
phenylamine, on adding bromine to a solution of diphenylamine in acetic acid. It 
melts at 218®, is insoluble in water, almost insoluble in alcohol, and moderately 
soluble in benzene, from which it separates in colourless prismatic crystals. 

Sodium-amalgam removes the bromine from these compounds, converting them 
into diphenylamiue. 

Bromomethyldiphenylamines, — When bromine is<< added to a solution of metbyl- 
dipbenylamine in acetic acid, the mixture becomes hot, evolves hydrobromic acid, 
and finally solidifies to a crystalline ma9^. Fractional crystallisation separates this 
product ^nto throe portions, the least soluble being U^OTwmiethyldiphenylamine, 

N -I which forma colourless needles melting at 98®, and dissolving readily in 

1 OH* 
benzene. 

The fraction having an intermediate solubility in alcohol consists of tetrahromo* 

. C*H*Br» 

methyldiphenylamine, N |CJH*Br*, which forms needldk and prisms melting at 129®, 

and dissolving readily in benzene. The third or least soluble fraction is ietrahromodi^ 
phmylamine, and its lormation may probably be represented as follows : — 

/C*H*Br» 

NJc*H*Br* + HBr - CH*Br + N|c*H*Br*. 

1CH» 1h 

The methyl may be removed from either of the above- described methylated 
bromodiphenyiamines by di^stion with glacial acetic acid and bromine, either tetra- 
bromodiphenylamine or hoxbromodipbenylamine being formed. 

Sodium-amalgam removes the bromine, leaving methyldiphenylamine. 

Tribromomethyldiphenylamine is readily attacked by hot nitric acid, a resinous 
product being form^, and the continued action of fuming nitric acid on Ibis compound 
leads to the formation of tetranUrodibrcmcdiphmyl^ which separates from glacial 
acetic acid in beautiful yellow leaflets, melting and deeomposing at 236®-242®, and 
dissolving readily in alkims. 
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Tile other bromiuated bodies above described yield small proportions of nitso- 
oompoundsy perhaps identical irith that just datt^bed. 

Chlorodiphenylamines , — A solution or ^diphenylamine in glacial aoetio acid 
absorbs dry chlorine, giving off hydrochloric acid, and after a time deposits crystals 
consisting chiefly of tetrachlorodiphenylaniinet NH(C*H*C1*)®. This body, 'when pure, 
forms colourless prisms, melting at 133^-.! 34^, and dissolving easily in alcohol, ben- 
zene, ether, carbon bisulphide, and chloroform. 

An acetic acid solution of methyldiphenylamino likewise absorbs dry chlorine, with 
evolution of much heat, and yields products which differ according to the strength of the 
solution, and other conditions. One of these forms colourless prisms, melting at 96^- 
97^> and easily soluble in the same liquids as the foregoing compound. This is pro- 
bably tetrachloTOTnjsthyldipJiefiylamine, NCH*(C*K*Cr‘')®, but the presence of methyl in 
it has not been actuadly demonstrated. 

The crude product of the action of chlorine on^etliyldiphenylamino, when treated 
with nitric acid, yields tetrachloroquinone (chloranil)'. 

Methyldiphenylamiue, heated to 150^ with fuming hydrochloric acid, in a sealed 
tube, is resolved into methyl chloride and di phony lam ino (Gnehm, DetU. Chem^ Qet, 
Bet. viii. 1040). 

Diphenylniiroaamine, obtained as a crystalline precipitate 

by acting with 15 pis. of crude ethyl nitrite on one part of di phony lamino, at a tem- 
perature below 0°. After being washed with ice-cold alcohol, it is dissolved in an 
equal weight of warm benzene, and the cold solution mixed with an equivl volume of 
alcohol, and left to evaporate. 

The same compound is very readily formed by adding diphenylamine hydroohlorido 
to a solution of an equal weight of potasshiiu nitrite acidulated with acetic acid; 
also by dissolving 2 pts. of diphenylamine in 4 pts. of benzene, and adding 3 pts. of 
jjure ethyl nitrite. 

Dipbenylnitrosamlne crystallises in brilliant, pnlc-yellow, four-sided plates, molt- 
ing St 66-5^^, and dissolving readily in cold acetic iici<l hnd aldehyde, in hot alcohol 
and benzene, sparingly in hot petroleum, but not in petroleum -naphtha. It is not 
acted on by water, dilute acid. , or alkalis, and disHolves in sulphuric acid with a beau- 
tiful blue colour, like diphenyl iiiiine. When sodium -amalgam is added to its nlwholic 
solution, ammonia is evolv'e<l ; and by treatment with tin and hydrochloric acid it is 
converted into a resin consisting chiefly of diphenylamine (O. N. Witt, DeuL Chetn. 
Gee. Ber. viii. 855). 

Trlpl&enjrlaiiilne, N(OH’)* (Merz a. Weith, Dent. Chem. Gee. Ber. vi. 1154). 
This base is produced by the action of bromobonzone on dipotassium-uniline, or on 
potissium-dipnenylamine : 

- 2KBr + NCCH*)* 

+ C*H*Br = KBr + N(C*H*)». 

Potassium dissolves in aniline, eliminating 'nydrogon, together with r trace of 
ammonia, and when the product thus obta-ined is digested with bromobenzene, a very 
violent reaction takes place. The whole being now treated with dilute liydrochloric 
acid, to remove aniline and bromobenzene, an oily substance remains, and this when 
fractionated, first yields diphenylamine, which pusses over at about 300°, and then a 
thick oil, which distils at a much higher -temperature, and solidifies on cooling to a 
ctystalline mass, which, when crystalliKed from alcohol, exhibits the comtmsition of 
triphenylamine. These results show that poieutnum-aniline and dipotaeeivm-aniline 
are both formed during the action of potassium on aniline. 

When melted diphenylamine is treated with potassium, hydrogen is evolved, and a 
small portion of aniline is formed by the reducing action of this hydrogen on the 
di pheny lami ne — 

N(C*H*)’lj‘ -h - C*1P N(C«H'»)H*. 

Potassium-diphenylamine must, however, be formed at the same time, as the product, 
when treated with bromobenzene, yields triphenylamine. In preparing triphenylamine 
from diphenylamine, it is advantageous to dissolve the diphenylamine in aniline 
before treating it with potassium ; the product may bo easily freed from diphenyl- 
amine by crys^lisation from alcohol. 

Triphenyltmine melts at 127°; it is very slightly soluble in cold alcohol, slightly 
soluble in hot alcohol, and moderately soluble in benzene. It separates from ahkihol 
in small scales, from ligitj^ in largo crystals, and from ether in shining^ pyramids. 
It does not exhibit basic properties, not <^mbining even with picric acid. Acetyl 
Zrd Siqf. P 
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chloride do^n&i attack it when addejl to iU BoUtion, iti henzene, but when h^ted 
with it to Idd^ yields a greenish flo(||il6nt substance, which is probably an addition- 
product. Triphenylamino dissolves » cold sulphuric acid, giving a violet colour, 
which changes to blue ; but if the mixture be allowed to stand for some time, or if 
heat be applied, the colour di^ppears. * 

A solution of triphenylamine in acetic acid is coloured green by the addition of 
nitric acid, but if more nitric acid is added, the liquid becomes yellow and deposits 
yellow flocks. 

Slamldobenzene or Plienylene-dtamliie. Occurrence of the 

Meta-Tnodification as a Bye-product of the Manufacture of Aniline. — An aniline-oil 
from Weilor’a aniline manufactoi^ at Kdln, nine-tenths of which distilled between 
270® and 300®, was found to consist in great part of phenylene-diamine. 

The purification of this body may be effected by adding crude hydrochloric acid 
to the oil, and dissolving the mass of cii^stals thus formed iu the smallest possible 
quantity of boiling water ; this solution is filtered hot to remove resinous bodies, and 
loft to crystallise, then recrystallised with animal charcoal. The crystals, after wash- 
ing with concentrated hydrochloric acid, consist of pure phenylene-diamine hydro- 
chloride. 

The phenylene-diamine is doubtless formed from the di nitrobenzene contained in 
the nitrobenzene used for the preparation of the aniline, and must therofore^be a- or 
metaphenylene-diamine, (Hofmann, Beut. Chem. Ges. Ber. vii. 

812). 

JXacetometaphenylene-dia/minet C*H'*(NH.COCH*)*, is formed by heating the di- 
pheny lone-diamino just described with 2^ mols. glacial acetic acid till the mass becomes 
solid on cooling; by solution in hot water and cooling, it is obtained in crystals which 
melt at 191®, and are slightly soluble in cold water, but dissolve more readily in hot 
water and in alcohol (Barbaglia, Deut. Chem. Ges. Ber. vii. 1267). 

Ifitrodiaeeto-m-phenylene-diamine, C*H*(NO*)(^NH.COCH*)®, is formed wlion a 
solution of diaceto-wi-phonyltene-diamine in glacial acetic acid is gradually added to 
fuming nitric acid. It crystallises from alcphol in groups of short slender needles, 
moderately soluble in alcohol, ether, and glacial ^cetic acid, and melting at 240®. By 
the action of bailing caustic soda it is converted into a,ni trophenylene-diami ne, 
soluble in water, mpre soluble in alcohol and ether, melting at 161®, 
and isomeric with the nitrophenyleno-diamino (so-called azophenylamirte) which 
Gottlieb obtained by treating dinitranilino with ammonium sulphide (iv. 481). 

If the action of the caustic soda be further prolonged (to ten or fifteen hours) the 
nitrophenylene-diamine is converted into a nitraraidophonol, C®H*(NO*)(NH*)OH, 
melting at 133® 134®, and iHomeric with that which I-rfiurent a. Gorhardt obtained by 
reduction of ammonium dinitrophenato (iv. 398).*,, By still further prolonging the 
action of the caustic soda, nitromotadioxybeuzene, or nitroresorcin, CH*(NO*)(OH)*, 
appears to be formed, but this result Ijas not been distinctly proved. According to 
Wagner, indeed, the replacement of amldogen by hydroxyl in nitro-compounds under 
the influence of alkalis is practicable only when u mi dogen -groups are present previous 
to nitration ; thus dinitrobenzene furzrlshes a nitranlline which will not thus decompose, 
whereas the nitraniline from acetanilide readily exchanges NH'^ for OH (Barbaglia). 

Paradiamidobenzene, or iS-Fhenylene-diamino, C*.NH* H.H.NH*.H*. — 
Biedermann a. Ledoux {Deut. Chem. Ges. Ber. vii. 1531) have obtained this compound 
by reduction of nitranilitie (from acetanilide) with tin and hydrochloric acid. The 
free base is most conveniently isolated by <iry distillKtion of the hydrochloride with 
sodium carbonate. It is thus obtained quite pure, and melting at 147®. 

Diaeeto-ppkenylene-diamine, C®H*(NH.CO.CH*)*, obtained by boiling this base 
with glacial acetic acid, crystallises in small, hard- very sharply defined quadratic 
octohedrons, which melt at a temperature above 295°, and dissolve but sparingly in 
all the ordinary solvents except glacial acetic acid, which dissolves them more freely. 
Their solution in excess of glacial acetic acid, treated with fuming nitric acid, yields, 
as chief product , diniirodiaceto-^-pheftylene-diamine. a body melting at 258°, sparingly 
soluble in alcohol and acetic acid. 

Dinitro-p-phefiylene-diamine, C*H’(HO*)*(NH®)®, is obtained by heating the last- 
mentioned compound with alcoholic ammonia in sealed tubes to 150®. It crjstaUises 
in fine red ne^les melting at 294 , soluble in hot water and alcohol, slightly 
soluble in ether. The salts contain only 1 mol. of acid to 1 mol. o^the nitro-base. 

* Ttkfi fommla there giyen for the nitro-amldophenyl (nitrophenamio^scld) and the equation repre- 
■mtlng its formatloii, are erroneous : the equation should be ; — ^ 

+ 8H*8 * C*H*(NO»>(NH»iO + 2HH> + 33. 
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A dichlop^henykene-dH^mine, either 0*,NH*.Cl|lSrt&**Ca.H*, or 
crystalliBixig f^rom &lo^pl in long flexible adiAles having a 
satiny lustra and melting at 60*5*^, is obtainedRSy the action of tin and hydrochlorio 
acid on the dichloronitranilin, wUch melts at 100^ (p. 203). (O. N. Witt, J}eut^ 

Chem. Ges, Ber, vii, 1604). 

On boiling it with soda-ley, in which it is likewise boluble, ammonia is given off, 
the liquid assumes a dark r^ colour, and a yellow indistinctly crystalline body is 
formed, which dissolves very easily in water and in alcohol, and appears, from the analysis 
of its barium and silver salts, to be a dinitrodioxybensene. Its fomation is 
in accordance with Wtigner's view above-mentioned. ^ 

Mon&tUtraveto^-ph€7i^lene-diamine, C*H*(NO-*)(NH.CO.CH*)*, obtained by the ac- 
tion of fuming nitric acid on a well-cooled solution of diaectophenylene-diamine in a 
large quantity of glacial acetic acid, crystallises in golden yellow needles having a 
silky lustre, and melting at 184®. 

Mononitro-p-pkenyleiie-d.iaminet C*il*(NO*)(NH®)*, obtained by gently heating this 
last compound with soda-ley, crystallises in dark red needles, melts at 196®, dissolves 
in water and in alcohol, is insoluble in alkalis at ordinary temperatures, but gives odT 
ammonia when boile^l uith them ; forms mono-acid snlts. It is identical with the 
nitropheny lone-diamine which Gottliob obtained by the action of ammonium sulphide 
on dinitmnilino (iv. 482). 

NiTROBaoMOPHBNYi.KKK-DiAMiNRS, C*H*(NO*)Br(Nll'‘*)* (Komer, GajBnetta^ 
iv. 414, 4*23). — (1). ParanitrohromoiMtaphenylene-diamine^ C*.NH'*.NO*.NH‘'*.H.Br.H. 
(1:2:3: 6), is produced by heating nitro- (1, 3, 6) tribromobonzene to 170®-! 80® 
in sealed tubes for several days with alcoholic ammonia. The resulting red-brown 
solution, as soon as it ceusos to deposit crystals on cooling, is taken out of the tubes 
and evaporatoil ; the residue, after washing with water, to remove ammonium bromide, 
is crystJillised from a largo quantity of boiling alcohol. The base is thus obUiined in 
splendid orange-red ueodle.s which acquire a golden lustre on drying. For perfect 
purihciition, liowovor, it must bo once recrysUillised fi;om water, the crystals being 
collected while tlio solution is still tepid; otherwise they will bo accoinpunied by a 
small quantity of a lighter-coloured cofUpound containing water of crystallisation. 
The base does not melt at 150^^, tSnt begins to softeji at 163^, and tlien sublimes 
partially in ruby -red needles, the greater part^ however, turning brown and dc^com pos- 
ing. IleattHi with a large excess of ethyl-nitriw*, it is converted into para-nitrobromo- 
benzene. This reaction and the formation of the base from nitrotribromobonzens 
(N 0^ 1:3: 6), establish its constitution : 


Br Nil* 



(2). Paranitrobromopar ap h c ny Icne-diamine^ C*.NH*.Br.H.NH*.NO*.H, 
(1 : 2 : 4 : 5), is formed by heating the corre^iponding nitrotribromobenz«iie (m. p. 
93*6® > to 100°-120°, in sealed tubes for about twelve hours, with excess of alcoholic 
ammonia. An orange-coloured solution is thus formed, containing splendid needles 
and prisms, which may be freed from ammonium bromide by washing with moderately 
strong alcohol. By recrystallisation from boiling alcohol, in which it is slightly 
soluble, the base may be obtaiii^ in pyramidal needles resembling slowly crystallised 
potassium picrate, and, like the latter, exhibiting trichroism. By beating with alcohol 
in sealed tubes to 160®, and slow cooli^, it is obtained in larger prisms having a fine 
orange colour. It melts at 166®, and is not altered by heating with aqueous potash. 
Gently heated with a solution of nitrous acid in absolute alcohol, it dissolves slowly, 
with evolution of nitrogen and aldehyde, and the solution on cooling yields paranitro- 
bromobenzene in needle -shsped^crystals, melting after purification at 126*6® : — 


Br 

/Xb. 
j j 

NH* 

x\b; 

1 1 

/\lir 


J 1 • 

KU* 



Violet Dye obtahud Jfy the Action of Sulphur on Paraphenylene-diamine . — When 
this base is heated to 160%-180® with its own weight of sulphur, a large quantity of 
hydrogen sulphide is evolved ; and on dissolving the residue in hot water, filtering. 
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and treating the filtrate with oxidising agents, splendid ;piolet and blue colours aw 
obtained. The sulphuration and o«dation may perhaps be most advantageously 
effected in one process. For this pui^i^e the hy(£?ochloric acid solution of the pheny- 
lene-diamine is saturated with hydrogen sulphide, and mixed with ferric chloride. The 
sulphur thereby set free combines in the nascent state with the base, and on gradually 
adcung the oxidising agent, the colouring matter will develop itself and be precipitated. 
After filtration, the impurities are removed by washing with water, and dissolving 
the residue in hot water ; if the liquid is then left to cool, a pure and magnificently 
crystallised product is obtained. For 20 grams of the phenyl ene -diamine hydrochloride 
the following quantities of material are used ; — 

Sulphuretted hydrogen water 4000 c.c. 

HySroch loric acid . 20 grams. 

Ferric chloride (1 in 10 solution) .... 600 c.c. 

This violet colour surpasses in brilliancg^ the violetB de Paris, In its di^ state 
it has a dark greenish-brown colour, and readily crystallises in long silky fibres. It 
is very soluble in pure water, but the smallest quantity of foreign matter modifies its 
solubility. If soda be add^ to the violet solution, a brown precipitate is obtained, 
which forms the base of the new colour. Acids precipitate the solution, but 
an excess of acid redissolves the precipitate. Acetic acid forms a violet, mineral 
acids a pure blue solution. Metallic salts give a violet precipitate, which re^^ssolves 
when the salt has been eliminated by washing. Zinc chloride gives a very bulky 
violet precipitate ; sodium chloride separates the violet from its solution, but trans- 
forms it partly into a new violet substance, insoluble in water. If this precipitation 
bo repeated several times, a complete transformation ensues, the soluble colouring 
matter disappearing entirely- Tannin forms, with the violet, a compound insoluble 
in water. Reducing agents decolorise it, but mere agitation in contact with air will 
reproduce the primitive colour. Oxidising agents destroy the colour very rapidly. 

The violet dye is capable of giving by substitution other colouring derivatives; if 
heated with aniline, it gives a^blue insoluble in water and soluble in alcohol if sub- 
mitted to the action of aldehyde, methyl iodide, &c. ; under ordinary conditions, it is 
transformed into a pure bluish-green. The jJart played by the sulphur in its forma- 
tion has not yet been made out (0. H. Lauth, CoTApt, rend, Ixxxii. 1441). 


AxoHenaeiie, OH* — NrzN — OH®.---According to Anschutz a. Schultz {pent, 
Chsm, Ges, Ber. ix. 1398), this compound is the chief product formed by the action of 
sodium on parabromaniline. The statement of Glaser {Zieitschr,f, Chem. 1866, 310) 
that benzidine is formed by this reaction appears to ^e incorrect. 

By the action of antimony trichloride, azobenzene is converted into a black amor- 
phous substance having a conchoidal fuacture and metallic lustre, soluble with dark 
red colour in water, and more easily in alcohol: it probably contains a compound 
analogous to rosnnilino or violanilino (Bogdanoff, Ber, ix, 1598). 

NitriTinethyl-azobenzene, C*ii*.N*.CHXNO*), is formed by mixing the aqueous 
solution of Bodium-nitromethano with the equivalent quantity of diazobenzene nitrate. 
It crystallises from alcohol in slender cherry-red needles, from carbon sulphide in 
prisms; melts with decomposition at 163®, and detonates at a higher temperature. 
It dissolves in strong sulphuric acid with a d^p blue-violet colour. Faming hydro- 
chloric acid at th6 boiling heat converts it inte a white substance (Fxiese, Ber, viii. 1078). 

Nitroethyl-azohenzene^ C*H*.N*.0*H*NO*, is prepared by mixing thesolutions 
of diazobenzene sulphate and sodium-nitre^thane, or more advantageously by treating 
a very dilute solution of aniline nitrate with potassii^m nitrite, and adding the mixed 
solution to an alkaline solution of nitroethane. It forms orange-coloured rectangular 
ciystals, melting with decomposition at 136®-137®, easily soluble in alcohol and ether, 
insoluble in cold water, dissolving with blood-red coleur in alkalis, and precipitated 
therefrom by acids. Strong sulphuric acid dissolves it with violet-red colour, soon 
becoming dingy. Its ammoniacal sdlution is precipitated by metallic salts, and the 
oompound itself is reduced to a colourless body by tin and hydrochloric acid. It dyes 
silk a pure and deep yellow, and forms salts conteining 2 atoms of univalent metal 
(V. Meyer a. G. Ambiihl, Chem, Ges, Ber, viii. 761, 1073), 

When a solution of nitroethyl-azohonzene in a slight excess of ammonia is left to 
evaporate, it solidifies after a short time to a pulp of orange-coloured slfining laminte, 
consisting, not of an ammonium-salt, but of^ the free azo-compound, which appears, 
therefore, to bo incapable of fixing ammonia in the solid s^te. The same is the case 
with the other mixed azo- compounds (Barbieri, Dent. Chem, Ges, Ber, ix. 389). 
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Nitroethyl^m^tagonitrohe^Kene^ C*H*NO*.N*.C*H^O*, ia pradpiuted on 
adding notaBfiittm-nitroethand'to a aoludon of^nliaEobeDEene nitrate, and forma, after 
pnrificatW, a jellow powder easily soluble in^ 2ot alcohol, and disaolving with red 
colour in alkalis. Its sodium salt ia sparingly soluble in water, and is thrown down 
&om the red ^ solution of the potassium salt by soda-ley in the form of an orange- 
coloured precipitate. Its solution gives coloured precipitates with metallic salts, 
dark-red brown with silver nitrate, yellow with le^ acetate, greenish-yellow with 
cupric sulphate. The azo-compound, treated with tin and hydrochloric acid,^elds a 
base, the stannochloride of which has the composition C*H“N*Cl“.SnCl** The firee 
base and its hydrochloride are very unstable (F. Hallmann, DetU. CAapi. Q^. Btr. is. 
389). 

Nitroethyl^parasobromobensene, 0*H^Br.N* C*H<NO*.— The potassium 
salt of this (impound separates as a bulky brown-red crystalline precipitate, on 
adding potassium nitrocthaue to a solution (even very dilute) of the diuzo-salt 
produced by the action of potassium nitrite on pnrabromaniline dissolved in 2 mols. 
nitric acid ; and on adding dilute sulphuric acid to the solution of this salt, the azo- 
compound separates as a yellow precipitate, which may bo purified by washing with 
water and crystallisation from hot dilute alcohol. It forms small, shining, bnck-red 
crystals, soluble in ether, glacial acetic acid, chloroform, &c. ; melts, with decomposi- 
tion, at 136®-138^, when quickly heated ; by prolonged btiating it is decomposed even 
below lOO®, Strong sulphuric acid dissolves it with deep violet, but transient colour. 
The solution of the potassium salt gives with silver lutnvte a deep orange- coloured 
precipitate, which soon turns black, with lead acetate a light yellow, and with cupric 
sulphate a greenish-yellow precipitate (H. Wald, Dcut. Chnn^ Ges. Ber. iz. 393). 

The last two compounds may bo ropreseutod by the following structural formula: 

NO* Br 


= N'— C*JI*NO* . 

N-N— cni*No* 

Ifitrocthyl - a so met hy lb entente or Nitroethyl - azotoluene^ 
C*H^(CH*).N-.C*H^NO’''. — This compound is known in two modificutions, para and 
ortho : 

NsaN— C*il*N’Q* Nb=N— C'U^KO* 



CH* 


The ^m-compound is precipitate<l as a pot''H8ium salt on adding potaiteium-uitro- 
ethane to the aqueous solution of the diazo-snlt prepared by the action of nitrous acid 
on a salt of paratoluidine, and may be isolated and purified (by crystallisation from 
hot alcohol) iu the same manner as nitroethyl-azobenzeno. It ^rms splendid orange- 
red prisms, having a characteristic steel lustre, land exhibits a close resemblance to 
the isomeric com^x>und,nitropt g^yl- azobenzene (p. 214), and to nitro^thyl-azobenzene ; 
melts, with evolution of gas, at 133®. When suspended in strong sulphuric acid, it 
dissolves to a splendid fuchsino-red liquid, the colour of which, like that of the cor- 
responding benzene-compound, quickly becomes dingy. It resembles the benzene- 
compound in being somewhat anstable ; a well -crystallised preparation which had 
remained unaltered for several months, suddenly decomposed and was converted into 
a dark-coloured resinous mass. It dissolves in alkalis with deep red colour, forming 
salts very much like those of the preceding compounds. The aqueous solution of Ao 
sodium 8^t gives a yedlow i^recipitate with mercurous nitrate ; dark yellow with 
mereurio chloride ; rM-brown, quickly blackening, with silver nitrate ; yellowish-red 
with lead acetate ; yellow with cupric snlplmte and with zinc chloride. 

ViifzthylHuo-OTthotolueTie is preparea in like manner from orthotoluidine. It 
differs from ali the preceding compounds in its great tendency to become resinous 
when separated from the not qn&e pure solution of the potassium salt. B^ore 
adding the j^tassium-nitroethane, it is necessary to free the solution of the diatzo- 
salt, by filtratjon. from a gummy substance which separates from it. ^ The neutral 
sodium salt, is precipitated by so^-ley, even from very dilute solutions 

of the potassium salt, in spangles having a brilliant golden lustre. 


1 
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The asonitro-eompound is separatedj^ dilute sulphuric acid from the solution 
of its salts as a yellow precipitate wittch, when recry^llised &om alcohol* forms 
broad orangcocoloured needles meltixdr/nt 87®-88®. It dissolyes in strong sulphuric 
aci^ with a fine rod colour which disappears after a short time. The precipitates 
which it forms with metallic salts resemble those of the para-compound, excepting 
that the red fio<^ of the silver salt have a finer and more fiery tint. Both these 
toluene-compouads dye silk like the benzene-compound (Barbieri, J)eut. Chem, Get, 
Ber, ix. 386). 

Nitropropyl-azobenzene, « C*H‘.N*.0*H*N0* » 

N— C'H* 

II . — This compound, formed by the action of primary nitro- 

N— CH(NOa)-^Cfi*— CH* 

propane on diazobenzene nitrate, crystallises in dark orange-coloured needles, molting 
at 98®-99®, easily soluble in hot alcohol, dissolving with deeip red colour in alkalis. 
Like the homologous ethane- and methane-compounds, which it otherwise resembles, 
it is an acid body, and is thereby distinguished from the isomeric isopropyl-compound, 
which is neutral (V. Meyer, Deut, Chem. Gea. Ber. ix. 384). 

N-C»H» 

Nitroiaopropyl‘ azobenzene, = || ,18 ot>- 

0(NO*)(OH»)“ 

tained by adding a solution of diazobenzeno nitrate to a recently prepared soj^ution of 
nibrolsopropane in an equivalent quantity of potash-ley, and separates, .the 

same circumstances as the othyl-coinpound, in the form of a yellow oil, which, howsVer, 
does not solidify. It ia transparent, has a golden -yellow colour, sinks in water, is not 
volatile either alone or with vapour of water, and is distinguished from all the pre- 
ceding compounds by being quite insoluble in alkalis (Meyer a. Ambiihl, ibid. viii. 
1076). 


Derivatives of Amidazobenzene. 


Arntdagobengene, ,or Amtaodlpbenyllmide, C'^H*(KH^)N^ » 
C*II» — N“K — C*H\NH*), is produced by a molecular transformation of the isomeric 
compound diazoamidobenzene, O'H*- — ^N=N-A.NH(C*H*), which takes place when the 
latter is left in contact with alcohol and aniline^or a salt of aniline, especially the 
hydrochloride. Now diazoamidobenzene is formed liy the action of aniline on a 
solution of diazobenzone nitrate, and 4 small quantity of aniline or one of its salts if 
sufficient to effect its conversion into amidazobenzene : hence this transformation 
takes place to a certain extent in the preparation and in all the decompositions of 
diazoamidobenzene, since in those reactions aniline Is always set free {IstStippl. 271). 

In like manner, by treating diazobenzene nitrate with secondary and tertiary 
amines, as diiuethylamine, dietbylamine, diraethylauiliue, diothylamidohenzoic acid, 

N \ , &c., substituted amidazobenzenes are produced containing N(CH®)*, 

^q«HVOO»H ® 

&c., in place of NH*, and — when substituted amidobenzoic acids are employed — like- 
wise CO-H in place of an atom of hydrogen (Grless, Deut. Chem. Ges. Ber. x, 525). 

Azoe^e nzene - d i e t h am i d oc ar box y I - benzene, C*^H*®N*0* =» 
N— OH* 

li . — This compound is formed in almost theoretical quantity by 

±1 

mixing a concentrated aqueous solution of 1 mol. dil^obenzene nitrate with a cold 
saturated solution of 2 mols. metadiethylamidobenzoic acid : — 


C*H‘N*NO*H + = N0>B 


N— CH* 

N-c*h*<^<^oh • 


l^e mixture immediately turns red, and a hirge portfon of the azobenzene-compound 
separates at once in fine crystals, while the remainder may be obtained from the 
mother-Uquor by spontaneous evaporation. ^ S’ 

The compound is moderately soluble in boiling alrahol, and ciystallises ther4j|^m 
In raby-colonred rhombic or six-sided laminie, with violet surface sMmmer. din but 
dighUy soluble in alcohol and ether, and quite insoluble in water, eveirbt ihe bmling 
heat. When gently hetitod in a test-tube melts to a' yellow-red oil srldeh' decom- 
poses with detonation at a higher temperature. In capillary tubes it ifiefrs at 125^. 

With bases, aBobenzene-diethamidocarboxyl-benzene behaves like a^ilaonobasic 
acid. Its doTMifg (C*’H**N*0^)>Ba, (at l^V), separate in short reddiidi yellow 
needles on mixing a nu^orately dilute ammoniacal solutifid of the add with barium 
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chloride. The sUter aaltf C*'H**N*0*Ag, is a ftleep blood-red, eoarcely eryetalline pre- 
cipitate. 

Azobenzene-diethamidoeflftbozTl-beiizeoedbfldi not appear to unite with acids. It is 
dissolved with deep blood-red colour even hyA*^^ mineral acids, at least with the 
aid of heat, but separates again &om these k^lutions on addition of water. It de- 
composes when its hydrochloric acid solution is heated for some time on the water- 
bath. By reducing agents, as tin and hydrochloric acid or ammonium sulphide, it is 
decomposed, with assumption of hydrogen, yielding aniline and amido-diethamido- 
benzoic acid: 


N— C*H* 




AzohtnztnB^dimeihamidocarboxyl-htneent^ 


N— 0»H» 




— This 


compound, produced by the action of metadimethylamidobenzoic acid on dioeobenzene 
Wtrate, is also a monobasic acid, and ciystallises in dark blood-red needles. 

N— 0»H<.COOH 

AgocarboxyUheneene-dimethylamidohensenet || . — This 

N— N(CH»)* 

acid, i&^meric with the preceding, is formed by the action of metadiasobonzoic acid on 
dimAQijlaniline. It crystallibcs from alcohol in y<>llo\visb-red nodules. 

N— OH”* 

Azitbenzene^dimethamidoheneene^ || , is a base formed 

N— N(CH*)* 

from diazobenzene and dimethylaniline. It crystallises in delicate yellow laminin 
molting at 11 5*^, and volatilising in small quantities without decomposition. The 
hydrochloride forms purple-red capillary needles. 

N— C-H*— SO»H 

Aco$ulphoxybenzene^dimethamidohenzcn€^ || , formed 

N-~C«H^N(CH*)* 

from dimethylaniline and paradiazophenyl-sulphonic acid (from sulphanilic acid), is a 
moderately strong acid, and is separated by hydrochloric acid from its boiling alkaline 
solution in microscopic needles, which, however, soon change to small laminss having 
a strong violet I astro. 

Met azocar hoxylben ze ne - met adimetha mido o arboxylh tnzen 
N— C«H«~COOII 

j| action of metadiazobenzoic acid on 

N— C*U*<gko„^ 


metadimethylamidobenzoic acid, forms a brown-rod precipitate gradually becoming 
crystalline. 

All the amidazobenzeno’derivatives ubave described are powerful dye-stuffs 
(Griess). 

A»ox 3 rl>an*ono, C’=I[**N’0 *= — This compound is oblained when 


a solution of azobenzene in acetic acid is heated with chromic anhydride to 150^-250*’ 
in sealed tubes. Repeated treatment with boiling nitric acid (density 1 *54), converts 
it into trinitroazoxy benzene, which crystallises in long needles, whilst the addition of 
water to the mother-liquors pauses the separation of a resinous mass, which crystallises 
fh>m alcohol in long yellow beedles, melting at 85*^, and having the composition of 
dinitrobenzene. Dioxytrinitrazobmzene or Oxytrinilrazoxybenzenz, 
is obtained by heating a solution of trinitraeoxy benzene in concentrated nitnc acid 
with chromic anhydride for twelve hours to 180''-200® in closed tubes ; the product 
is precipitated by water, washed with ether and alcohol, and finally crystallised from 
nitric acid, benzene, or chloroform. It forms slender needles which melt at 102*’. 
By the farther action of the epndisiog mixture, trioxytrinitrazobenzene or dioxytrimir- 
oziM^/ibei^ne, C**H\N0*)»N*0* is placed ; it is a yellow crystalline mass which 
at 62^, explodes when heated, and dissolves easily in chloroform or ether 
(BM^eff, J?eui. Chem. Gee, Her. vi. 657). 

f^xyssobeiicene, OC*H* {2n(2 5u^. 161). — This compound, iso- 

m^fe witham^benzene, crystallises in brick-zM rhombic prisms, which meU at 160^, 
and dwsclvee in toluene and ii| dilute fJcoboI, sparingly in boiling water. The addi- 
tion of sUVet nitrate to its ammoiiiacal Elution produces a fiocculent precipitate which 
becomc^Mrystalliae on standing, The action of nitric acid converts monoxyazo- 
benzeoe into picric acid. JScnzoxyazobmzene, C'^H*N^(CTH*0), crystallises in plates 
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or tetrahedrons which melt at 1S6^, and are easily soluble in toluene, less so in ether, 
and sparingly in alcohol. Oxyazchmsemsulphciiiiio aMf C“H*N*0(HS0*), prepared 
by the action of fuming sulphuric acid on oxyazobenzene, crystallises in well*form^ 
octohedrons, which are easily soluble in water. The barium-compound crystaUises in 
golden-yellow scales containing 2 niols. water. The easily soluble copper and 
magnesium compounds crystallise with 3H*0; the potassium salt is i^ydrons 
(Tsddnrinsky, idtd. 660). 

DichlorazoxybencenCf (called in the original paper Dichlor- 

oxyazobenzoC), is formed by heating metachlbronitrobenzene with alcoholic potash, 
and crystallises from alcohol in brilliant, pale yellow, long, flat needles, which melt at 
97 ®, sublime at 180^, and explode when more strongly heated. It is insoluble in 
water, but soluble in ether, hot crystallisable acetic acid, alcohol, carbon sulphide, 
and benzene (L^iubenheimer a. Winther, Deut, Chem. Ges. Ber, viii. 1623). 

C-H^Cl— NH 

Viohlorhydrazobcnzenc^ | , is formed by boiling dichlorazoxy- 

C*H*C1 — 

benzene with ammonium sulphide, and separates from alcohol in small, brilliant, 
colourless crystals, which melt at 94®, dissolve easily in alcohol and ether, and with 
yellow colour in strong sulphuric acid. On heating its alcoholic solution with ferric 

N 

chloride, it is converted into dichlorazobenzene, ||, which ciyStaUises 

C^H^Cl— N 

from alcohol in long orange-coloured needles melting at 101®, and dissolving in strong 
sulphuric acid with deep yellow colour. 

Dichlorhydrazobonzene, warmed with hydrochloric acid, forms dichlorodiamido- 

d i p li 0 n y 1, I , which crystal! ises from alcohol in small flat prisms melting 

C«H*C1— 

at 163®, and forms a platiiiochloride, C**H*Cl*(NH-)-.2HCl + PtCH, very sparingly 
soluble in water and docomposAng when heated therewith (Laubenheimer). 


Biazobenzene Comffounde, 


Hlaxobenxene-illziieUiylamlilE, C*H* — N=:N — N(CH*)*, is obtained 
mixing the aqueous solutions of diazobouzene nitrate and dimethylamine : 


N— C«H* 

II + KH(CH»)* 

N— NO* 


N— C«H» 
NO*H + II 

N— N(CH»)^ 


by 


It is a yellowish oil which may be distilled in small (Quantities without decomposition, 
but explodes, with liberation of dimethylamiue, when heated in larger quantities. It 
volatilises with vapour of w'ater, is inacAvble in water and in alkalis, but dissolves 
easily in ether, alcohol, and acids. Its alcjoholic solution, mixed with aniline hydro- 
chloride, gradually decomposes, with fofraation of dimethylamine and amidazobenzono. 
[The flrst product of this reaction is doubtless diazo-amidobenzeno : 

which is afterwards converted, by molecular transposition, into the isomeric compound 
amidazobenzeno, C*H.*.N'''.G*'II\NH*).] The aqueous solutions of most of its salts 
decompose after ^ short time, with productidnof phenol dimethylamine, and nitrogen. 
The pioratc, C*H*.N’*.N(CH.*)®.C^H*(NO“)*C>, forms yellow needles slightly soluble in 
ether (Bae^’-or a, Jiiger, Beui. Chem. Gee. Ber. viii. 893). 

Dlasobenxene-etbylamldev C«H* — NzizN — NH{C*H*), probably identical 
with Griess’a ethyldiazohenzenimide, is prepared in like manner by the action of diazo- 
beuzono nitrate on cthylamine, and reacts in like manner with aniline hydrochloride 
in alcoholic solution, yielding amidazobenzone and cthylamine (Baeyer a. Jager). 

The formulsc assigned to the two dia’^o^amidobenzeiiu'ccmpoutids above-described are 
in accordance with Kekul6’s formula of diazo-amidohenzene, — NrrN — NH(C*H*) 

(ls2 Suppl. 208). Griess, however, objects to this formula, on the ground tnat it 
represents the following compounds ; — 

C«H»— N=N— NH(C-H^Br) and C«H*Bi^N=rN— NH(C«H») 

^ IHosobeuzeiie-aiuidohromobctucono Diasobromobenxene- ^ 

amidotienaeno 

formed respectively by the action of diazobenzene nitrate on ^romaniline. and of diazo- 
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bronoboiizeiic nitrato on aniliDe, as isomeric, -whereas his own experiments 
0^. viii 1618) hawe shown them to be identical. 

To remove this difficnlty, (^riess {ibid, x. 628) proposes to represent diasoamido> 
benzene by the formula : 

H H H “ jj>N=NH=><jj 

in which the nitrogen is quinquivalent. According to this view, both the diazobromo- 
benzene-compounds just mentioned will be represented by the formula ; 

and therefore as identical. 

In like manner, the compounds formed by the action of diazobeiizeno nitrate on 
ethylamino aiwl dimethylamine may be represented as follows: — 

c-u^N=™=H<g3i: o-^s=ra=N<gg: 

Diazobeuzcne-etbylamido. Diaxobensrac-ethyl- HitisobciixonO' 

anilitle. dimothylamlde. 

The compounds lorniod by the action of diazohenzone nitrate on tertiary amines 
(pp. 214, 215) ciinnob ho formulated in this manner: they are, in fact, not diazo* but 
azo-compounds. 


The following hiblo exhibits a comparative view of the constitution and physical 
properties of the luiloiVl, nitro-, and amido-dorivativos of bonzono (di-, tri-, and tetru-) 
tlescribod in the preceding pages.* 


iiiihatitution-derivativei of Bensene. 


.Vljlircvlatod symbol of 
compound 

Physical properties 

Pobitiona of iho Substituted Radicloe 

1 

1 

Ortho 

2 

Mctu 

3 

Parn 

4 

Meti 

A 

ijortho 

<1 

Br.Br. 

Liquid above —1*^; h.p. 233*8®; 
sp. gr. 2'(K>3 at 0® 

Br 

Br 

-- 

— 

— 

— 

— 

Liquiil above — 2(1° ; b. ji. 210® ; 
fcip. gr, TU05 at 18 6° 

Br 

— 

Br 

— 

— 



2Vl. p. 80°; b. p. 218° 

Br 

— 



Br 





CI.Cl 

Liquid JilHjve — 14° ; l>. p. 1 70° ; 
.sp. gr. 1'3728 at 0° 

Cl 

Cl 

— 

— 

— 

.... 


Liquid above —18°; 1*. p 172°; 
np. gr. 1*387 at 0° 

Cl 

— 

Cl 

— 

— 

— 

— 

Mimoclinic crystals; lix p. 53°; 
b. p. 173° 

Cl 

— 


Cl 

— 

— 

I.I. 

Lamlnse; in. p. 40*4°; b. p..^^fli*7° 

T 


T 

— 

— 


— 

Lamime ; ni. p. 1 27° : b. p. 277° 

1 


— 

I 

— 



Ci.lSr 

M. p. 67-1°; b. p. 106*3° 

Cl 



Br 

— 

— 

I.lir 

Liquid ; b. p. 257'4° 

I 

Br 


— 

— 


— 

„ 252° 

I 

— 

Br 

— 

— 

— 


:VL p. 0* ; b. p. 251*5°-251*C° 

I 

— 

— 

Br 

I 

— 

I.Cl 

Liquid ; h. p, 220°-230° 

1 

Cl 

— ‘ 


— 


— 

M. p. 56*57°; b. i>. 226° 227° 

I 

— 

— 

Cl 

. — 



GN.CN. 

Crystals; m. p. 15G°-160° 

CN 

— 

CN 

1 — 

— 


— 

Prisms ; iH. p. 222° 

CN 

— 



CN 





NO'.NO- 

Needles ; m. p. 118° 

NO» 

NO* 

— 







— 

Kliombic prisms ; m, p. 89 8° 

NO^ 

— 

NO* 

— 

[ — 

— 


Monocliidc ];ris!iis ; ni. ]>, 
170° 172° 

NO" 

— 

— 

NO* 

— 

— 

NO«.Br, 

WL p. 41*6°; b. p. 261° 

NO* 

Br 

— 

— 

— 




56°; „ 256*5° 

NO* 

— 

.Br 

— 





126°; „ 255°-256° 

NO* 

— 



Br 

— 


No*.a 

32-5°; „ 243° 

NO* 

Cl 



— 

— 




„ 44:4* : „ 233® 

NO* 

— 

Cl 

— 

— 

— 

e 

83*: „ 242® 

NO* 

— 

— 

Cl 

— 



* S^imilar taUes ot the tenKenesolphonlc acids of the benzoic acid derivativcM will he tfiven in the 
rolloitiug^ articles ; the XjbenolaleriTatJYi*- have been already tabfiilated iUnd 1*29). 



218 


BBlTZBNE-DElfcrVATIVES, C«SiENTATiON OP. 


Suhstitution-derivativea of Benzene — continned. 


Abbreviated ery^bol of 


Positions of the Substituted Bsdlcles 

rbyslcal properties 









Ortho 

Meta 

Para 

Meta 

Orttiu 



1 

2 

3 

4 


6 

NOM 

M. p. 49-4<> 

NO* 

I 

, , 





— 

„ 36“ ; b. p. 280® 

NO« 

— 

I 

— 

— 

— 

— 

„ 171“ 

NO* 

— 

— 

I 

— 

— 


Four-sided tablets ; m. p. 102® ; 

NH* 

NH* 

— 


— 

— 


b. p. 262° 







— 

Crystallino mass ; m. p. 63® ; 

NH* 

— 

NH* 

— 

— 

— 


b. p. 287° • 





• 


— 

Beddish scales ; m, p. 147® ; 

NH* 


— 

NH* 

— 

— 

NH»Br 

b. p. 267° 

Needles; m. p. 31*5°; b. p. 229° 

NH* 

Br 

_ 

_ 

_ 

_ 

— 

Crystalline mass; m. p. 18*6°; 

NH* 

— 

Br 

— 

— 

— 


b. p. 261“ 








Khombic octohedrons ; m. p. 64° ; 

NH* 

— 

— 

Br 

— 

— 

NH».C1 

decomposed by heat 







Liquid above — 14° ; b. p. 207° 

NH* 

Cl 

— 

— 

— 

— 

— 

Liquid ; b. p. 230° 

NH® 

— 

Cl 

— 

— 

— 

— 

Rhombic crystals ; m. p. 70°-71° ; 

NH* 

— 

— 

Cl 

— 

— 


b. p. 230° 







NH«I 

Silvery laminae ; m. p. 25° 

NH* 

— 

I 

— 

— 

— 

— 

Colourless needles; m, j>. 60° 

NH* 

— 

— 

I 

— 

— 

NH=*.NO=* 

Dark yellow needles ; m. p. 7 1 *5° 

NH* 

NO* 

— 

— 

— 

— 

— 

Long yellow prisms; m.p. 109*9° 

NH" 

— . 

NO* 


— 

— 

— 

Orange 'needles ; m. p. 146° 

NH* 

— 


NO=^ 

— 

— 

Br.Br.Bp 

Rhombic plates; m. p. 87*4°; 

Br 

Br 

Br 



— 

— 

- 

easily sublimable • 

Noodles ; m, p. 44° ; b. p. 276° 

.Br 

Br 


Br 

■ 

- 


Rhombic plates^ m. p. 119*6°; 

Br 

— 

Br 

— 

Br 

— 


b. p. above 278° 







oi.a.ci 

X>arge plates ; m. p. 63°-64° ; 

Cl 

Cl 

Cl 

— 

— 

— 


b. p. 218°-219° 







— 

Crystals; m. p. 16° ; b. p. 213° 

Cl 

Cl 

— 

Cl 

— 

— 

— 

Needles; m.p. 63'»5°; b.p. 208*6° 

Cl 

— 

Cl 

— 

Cl 

— 

NO^Bp.Br 

Yellow tablets ; ra. p. 61*6° , 

NO* 

Br 


Bp 

— 

— 

— 

Pale greenish yellow needles or 

NO* 

— 

Br 

Br 

— 

— 


prisms ; m. p. 




i 



— 

Yellow green tablets; m.p. 85*4° 

NO* 

Br 

— 

— 

Br 

— 

— 

Thin plates; m. p.‘104*6° 

NO* 

— 

Br 

— 

Br 

— 

— 

Prisms; m. p. 82*6° 

NO* 

Br 

— 

i — 

— 

Br 

NO*;a.ci 

I/ong needles ; m. p. ,32*2° 

NO* 

Cl 



! Cl 

— 

i — 

— 

Prisms or tablets ; m. p, 65° 

NO* 

Cl 

— 

' — 

Cl 

— 

1 

Long needles ; m. p. 43° 

NO* 

— 

Cl 

Cl 

— 

— 


Laminn ; m. p. 64°-66° 

NO* 

— 

a 

— 

Cl 

— 

NO^.CLBr, j 

liOng needles ; m. p. ^6*8° < 

NO- 

Cl 

— 

Br 

— 

— 

— 1 

Crystals ; m. p. 68*6° 

NO* 

Cl 

— 

1 — 

Br 

— 

— 

Yellow-green needles ; m, p. 49*5° 

NO* 

Br 

— 

— 

Cl 

— 

— 1 

Long needles ; m» p. 82*5° 

NO* 

— 

Cl 

— 

Br 


NO»Cl.I 

Large prisms ; m. p. 63*4° * 

Similar, but lighter in colour 

NO* 

I 

— 

Cl 

■ — 

— 

— 

NO* 

Cl 

— 

I 

— 

— 

— 

Spherical groups of needles ; 

NO* 

I 

— 

— 

Cl 

— 


m. p. 63 3° ' 







NO«Br.I 

Deep yellow crystals ; m. p. 83*6° 
Yellow crystals; m, p. 126*8° 

NO* 

NW 

I 

Br 

— 

Br 

I 

— 

- 

— 

Large prisms ; in. p. 106° 

NO* 

— 

Br 

I 

— 

— 

— 

Crystals ; m. p. 90*4° 

NO* 

I 

— 

1 — 

Br 

— 

NOU.I. 

Quadratic octohedrons; m. p. | 

NO* 

1 

— 

I 

— 



168*4° 

Ml 



ftr 



NO*.NO»Br 

Y'ellow prisms or tablets ; m. p. 


NO* 

— 

— 

— 


69*4° 

M 






— 

Large crystals; m. p» 75*3° 

m 

— 

NO* 

Br 

-- - 

— 
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8ub»titutiop^d€rivativ€M cj eontiimed. 


AbtnvTtated fl^rubol of 
oompoand 


PhjBical propertios 


NO*NO»a 

NO*.NO»I 


NH*.NH*NH= 

NmBr.Br 


NH».C1.CI 


NH>.NO*.NO* 


NH».Br.NO« 


NH*CLNO* 


NrH*.I.NO* 

Br.Br.Br.Br 

C1.C1.C1-C1 


NO».Br.Br.Br 


NO*Cl.Cl.Cl 

NO*.NO’NO».Cl 

NmBr.Br.Br 

NH*.CliCl.Cl 


Trimorphons ; m. p. 36’3®-88*8“ 
Prisms ; m. p. 53*4^ 

Yellow prisms or tablets; m. p. 
S8 6^ 

Orange^oloured rhombic tab- 
lets; m. p. 113 

Oryatallino mass ; m. p. 103"^ ; 
b. p. 330'’ 

Colourless needles ; m. p. 79*4® 
Silky prisms ; m. p. 61®-82® 
Colourless needles ; m. p. 80*4® 
White needles ; m. p. 86*5® 

M. p. 23®- 24<’ ; b. p. 250® 
Flexible needles ; m. p. 62*5® ; 
b. p. 245® 

Colourless needles ; m. p. 60° 
Crystalline; m.p. 71*5°; b.p. 272® 
Ixmfit needles ; m. p. 50*5® 

Light yellow prisms ; m. p. 182°— 
183® 

Dark yellow needles; m. p. 138® 
Canary-yellow needles; m. p. 
104 5® 

Felted orange ntedles; ni, p. 
111*4® 

Reddish -yellow needles; m. p. 
161*4® 

Light yellow needles; m. p. 
104®- 105® 

Orango-yoilow needles ; m. p. 
116*4® 

Basily soliiVdo noodles ; m. p. 
117®-11S® 

Yellow needles; m.p. 124®-126® 
Yellow lamina?; m. p. 16^3®- 167® , 
Steel-blue iieeiiles not melting 
at 220® 

Needles; m, p. 137®-140® 
Crystals ; m. p. 98*5® 

Needles ; m. p. 46°-46® ; b. p. 
264® 

Needles : m, p. 187'^-! 38® ; b. p. 
243^-^46® 

Needles ; m. p. 60® ; b. p. 246® 
Rhombic tablets subliming at 
187® . 

Crystals; m, p, 112® 

Yellow needles ; m. p. 93*6® 
Slender jeeedles ; m. p. 1 19*6® 
Large prisms ; m. p. 125® 
Slender needles ; m. 68® ; 

h. p. 273® 

Needles; m. p. 83® 

CiystaHine; not melting at 1 30® 
Long needle ; m. p. 1 18 ® 
Colourless ne^les ; m. p. 96*6® ; 
b. p. 270® 

Needles; m. p, 77*6®; b. p. 
960® 


ttosB of the Sohstituted Rsdici 


01 — 
Cl — 
I — 



NO* NO*, 
NO* — N 
NO* — * N 


NH* NH> — 

NH* Br 
|NH* Br — 
NH* — Br 
NH* — Br 
NH* Cl Cl 
NH* Cl — 

NH* Cl — 
NH* — Cl 
NH* — Cl 
NH* NO* — 

NH* NO* — 
NH* Br - - 

jNH*NO* — 

NH* NO* - 


Nil* NO* — 

NH* Cl — 

NH* NO* — 
NH* — Cl 
NH* NO* — 


Br Br — 
Br ~ Br 
Cl Cl Cl 


NO* Br Br 

NO* Br 
NO* Br — 
NO* Br Br 
NO* Br — 
NO* CL — 

NO* NO* 

NH* — 

NH* Br 
NH* Cl 

NH* Cl 


Br 1 Br 
Br Br 

I T4« 

Br 
Cl Cl 

- Cl 
Br Br 
Br — 
Cl Cl 



Cl 
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Substitution •derivativea of Benoene — continued. 


Abbreviated symbol of 
compound 

Physlcoi properties 

FOsitioai of the Bubstituted gadidca 

1 

Ortbo 

2 

Meta 

8 

Faxa 

4 

Meta 

6 

Ortho 

6 

NH®.NO®.NO®.NO® 

Orange-red needles or tablets; 
m. p. 188® 

NH® 

NO® 

— 

NO® 

— 

NO® 

NH®.Br.Br.NO* 

Light yellow needles; m.p. 202*6® 

NH* 

Br 

— 

NO® 

— 

Br 

— 

Orange needles ; m. p. 127*3® 

NH® 

Br 

— 

Br 

— 

NO® 

NH®.Ci.Cl.NO* 

Yellow needles ; m. p. 

NH® 

NH® 

Cl 

Cl 


NO® 

Cl» 

Cl 

NO® 

— 

Orange-red needles ; m. p. 100® 

NH® 

Cl 

— 

NO® 


Cl 

NH»Cl.Br.NO* 

Orange-yellow needles ; m. p. 
106*4® 

NH® 

Br 

— 

Cl 

— 

NO® 

NH®.NH®01.C1 

Long needles ; m. p. 60*5® 

NH® 

— 

Cl 

NH® 

Cl 

— 

NH®.NH*.Br.NO» 

Yellow or orange prisms ; m. p. 
166® 

NH® 

Br 

— 

NH® 

NO® 



Orange-red needles ; m, p. 
above 160® 

NH® 

NO® 

NH® 

" 

Br 



Relations in Physical Properties of the Isomeric Benzene-Derivatives. — Similarly 
constituted nitrochloro-, nitrobromo-, and nitroiodo-derivatives of benzene exbibit 
a strikinf^ resemblance in all their physical and chemical properties ; thus the corre- 
sponding chloro- and bromo-dorivatives are regularly isomorphous, and isomorphism 
also exists (although not always) between them and the iodo-dcrivatives. 

Again, colour often affords an important means of judging of the constitution of 
these bodies, those which are analogous in cohstitution resembling each other closely 
in colour; the colour increases in intensity on pas^lng from the chloro- to the bromo- 
derivative, and thence to the iodo-derivative. This applies not only to the immediate 
derivatives of honzene, but also to the derivatives of aniline and phenol and the 
metallic derivatives of the latter. The compounds containing the NO®-group in tho 
ortho-position (1 : 2) relatively to an atom of chlorine, bromine, iodine, hydroxyl, or 
amidogon, are especially characterised by their deep colour: orthonitrochlorobenzono, 
orthonitrobromobonzeue, orthonitroiodoben^ne, orthonitrophenol, and orthouitraniline 
are illustrations of this. Tho same intensity of colour is exhibited by some tri-deri- 
vativos, such as /3-dinitroiodobenzeno, 3-dinitroph.;nol, and j3-dinitraniline, which 
respectively contain two NO*-group8 each in the ortho-position relatively to Cl, OH, 
or NU-. This relation does not obtain, hgwever, when two atoms of chlorine, bromine, 
or iodine, occur each in the ortho-position relatively to a single NO® group, diortho- 
chloronitrobenzeno (NO® ; Cl : Cl= 1 ; 2 : 6), and the corresponding diorthobromo- 
and diortklodonitrobenzena being colourless. Similarly, orthodinitrobenzene and 
|9-dinitroparadichlorobonzene (p. 185) are almost colourless, each of the nitro -groups 
in tho latter compound being in the ortho-position relatively to an atom of chlorine. 
Of the nitrodibromobenzenes, nitrometadibromobenzene, (NO® : Br ; Br= 1 : 2 : 4), 
has the deepest colour, exceeding in intensity that of i^cilian sulphur ; nitroparadi- 
bromobenzeno is* the next in order, and -hen comes probably the nitro-orthodi- 
bromobonzeiie, (NO® : Br : Br«= 1 : 3 : 4), which, however, has not yet been obtained 
quite pure ; tho remaining nitrodibromobenzenes are almost or entirely colourless. 

Id odour and solubility also equally marked analogi.es exist between corresponding 
chloro-, bromo-, and iodo-derivatives, the solubility and odour increasing, however, 
from the iodo- to the bromo- and from the latter to the chloro-derivative. 

A gradation is likewise observable in the facility,. with which chlorine, bromine, 
and iodine, occupying similar positions in analogous compounds, are displaced by 
other radicles. The displacement of chlorine is uanally effected more readily, in less 
time, and at a lower temperature, than that of bromine or iodine in the corresponding 
bromo- and iodo-derivatives, bromine being more readily displaced than iodine. This 
appears to be a general rule in the case of all nitro- and sulpho-derlvatives, and is 
probably a cons^uence of the more negative character of chlorine as compart with 
bremino and iodine. v ^ 

The boiling points of isomeric bodies exlubit in some cases compararirely simple 
relations. Thns, whilst in many instances the boiling joints of corresponding 1 : 4 
and 1 : 3 derivaUves differ but slightly, the 1 : 2 derivatives frequently have boiling 
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points oonadexablj hlghsc ll lower than those of the corresponding 1 : 4 and 1 : 9 
componndsL * ;• . ^ 

More remarhable regdlarities are exhimted by the melting points. Thus 
among the di-derivatiTes, whether they contain similar or dissimilar radicles, 
(Br.Bf, NO*.Br, NO^.GL &o.), the para-, or symmetrical modification, has inTariably 
the highest melting pomt, and the m^^c-modification in most eases melts at a higher 
temperature than &e ortho-. The para-derivatives arc all solid at ordinary temper- 
atures, whereas some of the ortho- and meta-derivntiTes are liquid. Among the 
trichloro- and tribromobenzenes, the symmetrical modifications hare the 
highest melting points, and the nqsymmetrtcal the lowest; and in the series of 
nitrodichloro- and nitrodi bromobenzenes, the symmetrical modifications 
likewise melt at the highest temperatures, while the unsymmetrical modifications of 
highest melting point are those which hove their two haloid radicles in the para- 
position with regard to each other, (NO* : It 1:2:6). Lastly, among the 
tetrfichloro- and tetrabromobonzenea, the symmetrical modifications 
(1 : 2 : 4 : 6) have also the highest meltii^ points ; and in the series of nitrotri- 
bromobeuzenes, the highest melting point (125*^) is exhibited by the modification 
1 : 2 : 4 : fi, in which the three bromine-atoms are symmetrically disposed. The 
general conclusion deducible from all these facts is that the More fp^nmetrical the cofi- 
stituiion of a benzene derivative, the greater is the resistance which it offers to the passage 
from solid to the liquid state. 

Influence exercised by the nature of the Displacing Crronps in the ctmitersion of 
Mono-derivatives of Benzene into Di-derivatives . — The result s of the action of chlorine, 
bromine, iodine, nitric acid, and sulplinric acid, on the various mono-derivatives of 
benzene are given in the following table, the series to which the principal pioduct 
belongs being indicated by thick figures, and the accessory products by smaller 
figures. 


The iiidlele which 
occupies the 
tion 1 

Series to which the derivative belonKs, resaUlng from the introd action of 

^ • 

t 

Cl 

• 

Br ] 

1 

NO* 

80‘H 

Cl 

1 : 4 

1 : 2 


1:4 

1:4 

1 : 2 

1:4 

Br . , . . . 

Displaces the 
bromine 

1 : 4 

1 ; 2 

? 

1:4 

1 ; 2 

1:4 

I 

Displaces the 
iodine 

Displaces the 
iodine 

— 


1:4 

1 : 2 

1:4 

OH .... 

1:4 

1 ; 2 

4 

l;l 

BM 

1:4 

2 : 2 

• 

1:4 

1 : 2 

NH* .... 

l: 4 

I .4 

1:4 

1.4 

1 : 2 


GR* , 

1 : 4 ’' 

1:4 

1:2 

1:3 ' 

? 

1:4 

1 ; 2 

m 

NO* ... . 

1:8 

Displaces the 
nitro-group 

Displaces the 
nitro-group 

1:3 

1 ; 2 

1 : 4 

1:8 

1 : 2 

1 : 4 

SO*H .... 

? 

1:3 



B 

COOH . . 

1:3 

• 

1:8 

1:8 

1:3 

1 : 2 

1 : 4 

1:*8 1 

1 ;4 
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The inferences which be drawn from, this tablwftii to the influence exerted hj 
a giyen radicle upon the position whicbA second radicle*, the same or different in kind, 
f is caused to occupy, are so obvious as to wnder special explanation xmnecessary. The 
amount of accessory products formed is in general relatively small, and even in the 
most favourable cases does not appear much to exceed 40 p%ceQt. of the total pro- 
duct ; in those cases in which the 1 : 2 derivative is p||duced together wito the 1 : 4 
derivative, the amount of the former is always larger %e more violent the reaction. 

The amount or value of this orientating influence of a group or radicle already 
introduced into a benzene- molecule, or the position of an atom or radicle about to 
enter that same mcdocule, may be approximately estimated by comparing the relative 
quantities of the derivatives 1:4, 1:8 and 1 : 2 actually formed, with those which 
should have resulted if tl^ peculiar influence had not existed. The latter proportion 
is easily calcidated : for since the position 1 ; *2 is identical with 1 : 6, and 1 ; 3 identi- 
cal with 1 : 5, whereas the position > ; 4 is uniquej it is clear that, without the orien- 
tating influence under consideration, there should result, in every case of the conver- 
sion of a mono- into a di-derivative ; 

20 per cent, of the total product in the form . . . . 1:4 

40 „ „ „ ....1:3 

40 „ ....1:2 

If, then, to take an example, nitric acid of sp. gr. 1*4, acting at a given temperature 
and in given quantity on monobromobenzene, gives rise to : 

67 per cent, nitrobromobenzeno in the form . . - . . 1:4 

33 .... 1 ; 2 

0 ,, ,* ,f ..... 1 : 3 

it follows that the force exerted by an atom of bromine in carrying the group NO® to 
the position 4 must bo./b«r times as great as that which carries it to the position 2, 
and on the other hand the same atom of bromine exercises, with resjject to the power 
of substitutiou in the position 3, an opposing acjiion completely preventing the f »rmation 
of the compound 1 : 3, which would otherwise constitute 40 percent, of the final product. 

Those considerations are of some importance in determining the conditions which 
regulate the relative proportions of the several isomeridos produced in any of the re- 
actions under consideration, and especially those under whicli one or the other isomeric 
modification is produced alone, or disappears altogether from the product. 

Dependence of the action of the 'HO^-£froup in favouring the displacement of Chlorine, 
Bromine, Iodine, on its relative posUion, — The results obtained by various 

observers, and especially by Korner, show that an influence is exorcised by the NO®- 
gpoup itt favouring the displacement of Cl, Br, I, NH®, OH, OCH*, &c., only when it 
is ill the ortho- (1 : 2) or para- (1 : 4) position relatively to one or other of these 
radicles (at least in tlie case of the di- abd tri-derivatives), and that it never induces 
the displacement of these radicles when they occur in the position 3 or 6. KeknlA’s 
original benzene symbol does not afforc^a satisfactory 'representation of this ; indeed 

4., 


1 

it rather appears to indicate that the loosening influence exercised by the said NO®- 
group upon a radicle in the position^ 8 (or 6) is necessarily intermediate between 
that exercised upon the position 2 and the position 4, wldch is not actually the 
case. 

This dififioulty may, however, be ob'^ted by supposing the six carbon- atoms in 
the benzene nucleus to bo connected as in the annexed figure (Is^ Suppl, p. 194); 
that is to say, each carbon-atom directly connected with three others, viz. 1 with 2, 
4 ahd 6; 2 With 1, 3 and 6; 3 with 2, 4 and 6, &c., and generally, %ach carbon- 
atom directly connected with those which are in the ortho- and ^A-positions with re- 
spect to it, but not with those which stand to it in the meta^^position. 


j _c c -3 

II 'I 

6— C C— 2 
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Admitting this mode #dbnention between the carbon-atoma, it is easy to under- 
stand that the KO*-group will ‘exercise a gre^r loosening influence on &e atom of 


4 



chlorine, bromine, &c., when the atoms of carbon to wliich this NO^-gfroup and 
the Wilogen-elemeut, NJP'groop, or 0!&-groupf &c., stand to one another in the 
ortho- or para-position, and are therefore directly connected, than when they are in 
the meta> position, and therefore not directly connected. The same explanation will 
evidently apply to the direct conversion of mono-derivatives of benzene into di- 
derivatives under the influence of chlorine, bromine, &c., the di-derivatives thus 
formed being mostly members of the 1 : 4 and 1 : 2 series, and di -derivatives of 
these two classes being frequently formed tog(‘ther, whereas the direct formation 
of metfl-derivatives seldom takes place except under the induenco of agents of a 
more energetic or more acid character, strong nitric acid for example. The tendency 
to the formation of the unsymmetrical mudificjition (1:2:4 or 1 ; 3 : 4) of tri- 
dcrivatives in preference to the symmetrical (1 : 3 : 5) or consecutive (1:2:8) modi- 
fication, admits also of similar explanation. 

Lastly, it may be observed that the mode of conuection symbolised in the last 
figure explains, as well as Kekul^’s formula, the existence of only three isomeric di- 
derivatives of benzene, and the formation of additive compounds, like C*H*.Bp* and 
C*H*.Cl*, the chlorine or bromine being supposed to break the connection between 
the carbon-atoms at the opposite points of the hexagon, so that each carbon-atom 
remains only singly linked to two other^carl>on-Htoms. 

A similar benzene-symbol has been proposo<i by Kiimer, in which the six carbon- 
atoms are supposed to bo arr|ingod*in two parallel {e.g, horizontal) planes, the atoms 

I, 3,6, in the upper, and 2, 4, 6, in the lower plane, and each atom in the upper 
plane directly linked to all the throe atomjf in the lower. Such an arrangement 
evidently fulfils all the conditions al>oV 0 specified (see GiomaU delle Scitntee naturali 
4(1 econoinickc^ v. 241 ; Palermo, 1869; Gazzeiia chimica italiana, iv. 444; Chdm. 8oo, 

J. 1876, i. 241). 

SSSrXSarBSirXiFBOXrZC AOZO* C«n*.SO*lT. The ethylic ether of this 

acid is easily produced by the Q<stion of l>enzene sulphochloride on sodium ethylate in 
alcoholic solution : 

C*H».KO».Cl + NaOC'H* --tlaCl + C*H*.SO*.OC»H‘. 

It is a yellowish oil with a faint vinous odour, heavier than water-soluble in all 
proportions in ether, alcohol, and benzene, inscfluble in water, and readily Recomposed 
by boiling therewith into alcohol and benzenesulphonic acid (Schiller a. Otto, Dsnf. 
Chem. Ges. Ber. ix. 1638). 

This ether is not produced by the action of alcohol on benzenesulphochloride. 
Qericke (Liebig's Annaten^ c. 207) stat^ that it is formed by heating Uie lead salt 
of benzenesulphonic acid ethyl ipdido in sealed tubes, aad crystallises in 

needles easily soluble in water, Chiller a. Otto, however, find that the other 
of benzenesulphonic acid is not produced in this manner, or when ethyl bromide is 
substituted for tho iodide ; and they suggest that the crystals obtained by Gericke 
were nothing but bonzenesulpbonate of lead, which, in fact, dissolves abnndautly in 
e^]^l iodide when heated with it under pressure, and crystallises on cooling in small 

Vitrobenmenesvlpboiif o Jkeide* G<H<(NO>).SO*H. Laurent obtained 
an acid of this composition by treating benzene^nlphonic acid with nitric acid (v. 664), 
and similar compounds have been obtained by heating nitrobenzene with fumipg sul- 
phuric acid (Schmitt, LidAg's Annalen, cxx. 163; Meyer a. Btiiber, ibid, clxv. 164; 
H. Hose, Ziitschr, /, Chem. 1871, 224); also by heating benzenesulphonic add, 
C*H*(SO*H), with faming nitric acid (Ist Suppl. 276), and by heating nitrobenzene 
dissolved in^rbon sulphide with sulphuric hydroxychloride, SO* OH.Cl (Armstreng, 
ZeitschT.f. Chem, 1871, 321). 

The study of these a^Is has lately been resumed hj Limpricht (lAebi^a 
clxxvii. 60X 'wbo has obtained, both by Laurent's and by Schmitt's meth^ the Uupl 
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modificationB of nitTol>6]i2exiesulphonio acid, ana para-^ the meta- acid 

fonning by far the larger portion of thepnoduct in both ca«ei, but eifpedallyin ^e latter.* 
.< j^eparation . — 200 grams of pure benzene are mixed in a number of litre flas^, 

with 800 C.C. of fuming sulphuric acid. The action then begins immediately, with 
considerable rise of temperature, and may be quickened by agitj^tion, care being taken, 
however, that the temperature does not rise above the boiling point of benzene. In 
a few hours the benzene is found to be all dissolved, excepting a small quantity which 
may be removed with a pipette, aftei; t^e whole has been poured into a long-pecked 
flask. The benzenesulphonic acid is then poured back into the litre flasks, and nitric 
acid of sp. gr. 1-54 is added to it by drops, with frequent agitation, the flasks being 
dipped into cold Vater at first, and the operation interrupted now and then to 
moderate the violence of the action. The addition of nitric acid must be continued as 
long as it occasions any further rise of temperature. 

The crude nitrobenzeuosulphoni^ acid is then poured into a large quantity of 
water, and left in contact therewith till it has become clarified by deposition of almall 
quantity of di nitrobenzene ; then decanted or filtered, neutralii^ with slaked lime, 
strained, and concentrated by evaporation, till the calcium salts of the three nitro- 
bonzenosulphonic acids begin to ciystalliso out. 

The salt which separates first still retains a little gypsum, but otherwise consists 
almost wholly of metanitrobenzenosulphonato ; but the following crops of crystals 
likewise contain the ortho- and para-modifications in continually increasing propor- 
tion. A more complete separation of the three modifications may be effected by con- 
verting the calcium salts into the less soluble barium salts ; but the best mode of 
separation is to convert the nitrobenzcaesulphonic acids into the corresponding amides, 
separate these by eryfitallisation, and then reconvert them into the acids by heating 
with hydrochloric sicid. 

For this purpose the first crystallisations of the calcium salt are converted, by 
treatment with potassium carbonate, into the potassium salt, which is to be dried, 
pulverised, and converted into the sulphochloride, C®IIXNO’‘).SO®Cl, by heating it in 
a basin with an equal weight pf phosphorus pontachloride, the mixture being at the 
same time triturated with a pestle. The mass liquefies at first, but resolidifies on 
cooling, and is then to bo washed with cold Water, dissolved in ether, and dehydrated 
with calcium chloride. The clear decanted solutfon having been partly freed from 
' ether by distillation, the nitrobenzenesulphochloride cr;^stalli86s out on standing, in 
long shining needles melting at 60‘d^.* This chloride, treated with strong aqueous 
ammonia, is slowly converted into the corresponding amide, 0*H^(N0*).S0*NH*, 
which, after washing with cold water and recrystallisation from hot water, with addi- 
tion of animal charcoal, forms white prisms melting at 161®. 

The last crystallisations of the calcium salt, treated in like manner, yield a mixture 
of throe chlorides, two of which are crystalline, but difficult to separate from the 
third, which is liquid. After washing with water,' they are converted by ammonia 
into an amidatod product, separable by repeated crystallisation into throe amides, 
C®H*(NO®).SO*NH*, melting respcctivelj^at 186®, 161°, and 131®, the second being 
identical with that above mentioned {meta-). The amide wth the highest melting 
point {ortho-) is the least soluble, and that with the lowest molting point {para-) the 
most soluble of the t hree. 

These amides heated to 130®, in sealed tubes with strong hydrochloric acid, are con- 
verted into the ammonium salts of the corresponding nitrobenzenesulphonic acids, 
which may be obtained in the pulverulent state by evJiporating the resulting solutions 
to dryness, and converted into barium salts by boiling with baryta-water ; and from 
the latter salts the other nitrobonzenesulphaaates, and 4he free acids, may be obtained 
by ordinary methods. 

The mixture of the three acids obtained by nitration of benzenesulphonic acid, as 
above, contains about 90 p. c. of the meta- (or a-) acid ; that obtained by treating 
nitrol^nzene with sulphuric acid contains a still larger proportion of this modification. 

JdeianitrobensenesulpJmnic acid may also be obtained by treating nitrosulphanilic- 
benzenesulphonlc acid (p. 228), suspended in alcohol, witli nitrous acid, whereby it is 
converted into the diazo-compouod, and decomposing the latter with absolute alcohol 
under pressure {Gob\\q,)x^ Liebig* s^Anndlcrt, clxxx. 104). 

The following table exhibits a comparative view of the principal properties of the 
throe amds, their salts, chlorides, and amides. The ortho- and para-acids having 
been obtained in small quantity only, the investigation of their salts is necessarily 
less complete than that of the mota-acid : - ^ 

^ Llmprloht dlstingTiishm the three modiflcationii na a, y. Hla first experimental did not indeed 
L fix the wdatIvtfpositionB of the radicles NO* and S0*H: in the three acidfl. This, however, has been 
U|EL|^|m NtSltlnx, who h(M shown, by examination of tbe oorxespondlugi^unidobenKeneBnlpbonlo ncida, 

]M|pprtoht*a a, afid y acids are respectively the meta-, para-, and orttio-modifications, and 
^flmpricUt Im VC cxiufimiod this result (p. 22C>k ^ 
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fulpkonic AeidM. 


Cf*H«NOrSO»NH* 

0*HXN0»).S0»K 

(>H«(NO*).SO»Na 

[OH*(NO»).SO*]*Ba 


[C*H«(NO*).SO*]*Ca 


Long glistening 
Defies. 

Small glistening 
needles sparingly 
soluble. 


+ n*0. Hard« 
cmtalline, Tory 
soluble crusts. 


[C'»HX.VO»),SO*]»Mg — 


[C''H\NO*).SO»]»Zn 

[C*H«(NO’).SO»]^b 

[C«H*(NO*).SO“]»Cii 


Chloride : 
C-H*(NO*).SO*Cl 


Amide : 

C«H‘(NO»).SO*NH» 


Very soluble trans- 
parent four-sided 
plates. 


From ether in 
■white or reddish 
flat prisms; m.p. 
67®. 


Thin needles, m.p. 
1 86® ; very slight- 
ly soluble in cold, 
more freely in hot 
water, Teiy easily 
in alcohol. 


Transparent brittle Transparent i^lates. 
prisms. 

l^tes or long Small prisms, 
needles. 


From water in large 
square plates. 

+ H*0. Small 
priams or plates 
(L i m p r i ch t ) ; 
needles (GK>slich). 
4 - 211*0. Large 
white plates. 

+ 4H*0. Very 
soluble white 
prisms. 

+ 3H*0. Like the 
miignosium salt. 

+ 2H*0. Short 
compact prisms, 
or tufts of thin 
needles. 

Pale green hyd rated 
needles, becoming 
nearly white when 
dehydrated. 

From ether in 
transparent four- 
sided prisms ; 
m.p. 60*6® (Lim- 
jjneht); 61 ®(Go 8- 

Neodles or prisms, 
m.p. 161®; slight- 
ly soluble in cold, 
more freely in hot 
•‘ water, very easily 
in alcohol. 


8H*0. amsll, 

very thin 

plates. 

+ 2H*0. White, 
very soluble 

needles. 


4 2H*0. Glo- 
bular masses of 
prisms. 


Separates firom 
etlior os » red 
oil. 


Compact prisms, | 
m.p. 181®; ' 
easily soluble 
in hot water, 
more freely in 
alcohol. 


Hetanitrobensenesnlphonic acid crystallises from water or alcohol in lac^e 
leliquescent plates ; the other two acids have not been obtained in the free state in 
iednite form. 'V^en the three acids are fused -with potash, ammonia is evolved and 
ixalic acid is formed, together ■with a bro-wn oil. By reduction with alcoholic etmmo* 
tium 9 utphide^ these acids area j(pverted into the corresponding amidLobencenesul- 
phiLuie acids, C*H^(NU*).SO*H, the para-modifleation of which is identical with 
lulj^nilic acid. 

Metanitrobensenesulphonic acid may be boiled, or oven heated to 170®, with the 
itrongest nitric acid, without undergoing any change, but a mixture of 2 pis. nitric 
ind 1 pt. sulphuric acid converts it into dini trobenKene-disulpbonic acid, 
CJ*H*(NO’)*.(SO*Hy (p. 268). 

. BO^H 


l^laltrobeiuieneavlplsontc Acld« 


(Limpricht, Deut. Ckem. Ges, Str 


ix. 664 ; Sachse, Li^i^s Annalen, clxxxviii. 143). To pTepare this acid, pure and 
iry metanitiobenzenesuip^nic acid is mixed in a tnbnlatcd retort, with an equal 
volume of fuifting sulphuric acid, and 3 vols. of the strongeat nitric acid are gradually 
Added, with frequent aviation, the liquid being ^ntlj warmed as soon as the, firsl 
violent action Iw subndej^, and the nitric acid which distils ovec, ^poured back 
tiiTtr' to time, fresh quantities being added if necessary. When tjlb eonvorston of J||H 
Sriol Sup, Q ^4 ^ 
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monomtso- into the dinitro-acid (which requires fron\fSurteen to sixteen days’ boil- 
ing) is nearly complete, the contents of the retort are diluted with water, and evapo- 
nxid in a basin over the water-bath as long as nitric acid continues to be evolved, 
l^is operation also takes several days, and the water which evaporates must he replaced 
from time to time. The liquid is then again diluted with water, neutralised with 
dLaked lime and strained ; and the solution which runs through is evaporated, freed 
from calcium by sulphuric acid and alcohol, then neutralised with baadnm carbonate 
and evaporated to the crystallising point. It then usually deposits, a few 
nodular crystals of barium metanitrohenzenesulphonate, afterwards red andsbmetimeB 
rather large crystals of the dinitro-salt ; and the mother-liquor, which :im Idnger yiid^ 
distinct crystals, contains, according to Limpricht, the barium salt Of mtibther dini- 
trobensenesulphonic acid ; accordini; to Sachse, a dinitrophenol, 

The dinitrobenzenesttlphonic acid, 0*H*(NO^)‘.SO*H, separated by solj^nne add 
from the pure barium salt, remains*' on evaporation as a brownish syrup, 'michcsOlidi- 
fies on cooling to a crystalline very deliquescent mass, easily soluble Jh alcohol. . 

The ammonium salit 0*H*(NO*)*.SO*NH\ forms anhydrous lemoh-ydlov ^ laminae 
and tablets, having a vitreous lustre, which they lose on exposure to tlio air ; it is 
moderately soluble in water. 

C*ll\NO^*.SO*K + l^H^O crystallises on cooling from a hot Solution in light, 
yellow, glassy, nearly transparent needles an inch long, which quickly foresee, 
and become opaque wnen exposed to the air ; moderately soluble in water. 

[C®H*(NO''*)*SO*]*Ba + 3H*0. Separates from somewhat dilute solutions in 
isolated well-developed roseate crystals, probably rhombic prisms, modihod so as to 
make them look like quadratic octohedrons. Easily soluble in water. 

[0'‘H*(NO*)*aO*]Pb + 3H®0, Separates from a hot solution on cooling in 
lemon-yellow shining laminse, which on exposure to the air become light-yellow and 
lose their Lustre. Dissolves in water with light yellow colour. 

The chloride , C®H*(N O’*)* .80*01, separates from solution in ether at a winter 
temperature, in nodules, vmlc^, after several recrystallisations from uthor, melt at 89® 
{Sachse), at 07® (Limpricht). 

The amide, C*H*(NO*)*.SO*NH*, crystallised from hot water with the aid of 
animal charcoal, forms yellowish, or greenish silky needles, easily soluble in hot, 
sfxvringly in cold water, melting at 238® (Sachse), at 285® (Limpneht), 

The dinitjno-oompound may be converted into the diamido-acid,0*.SO^.NH*.NH*.H*, 
by reduction either with ammonium sulphide or with tin and hydrochloric acid ; and 
on ptisslng nitrous acid into the solution of this amido-acid in concentrated hydro- 
bromic acid, a dibromobenzene&ulphonic acid is obtained, having the constitu- 
tion 0*.SO*H.Br.Br.H*. Hence the diamido-acid. and the dinitro-acid from which 
it is formed must also have the constitution 1 : 2 : 3, as represented by the ^rmula 
given on p. 226 (Sachse). u 

Amidolieiixeikesalpl&oiftto Jkoida, C*H*KH*.SO*H (Limpricht, 

Annalen, clxxvii. 79 ; clxxx. 88; DouKChem, Gea, Bar, viii. 1065. Berndsen, jpiWys 
AnnaXon^ clxxvii. 82. Berndsen a. Limpricht, ibid, 88. Nolting, Beut, Chem, Ga^Ber^ 
viii. 1091). / 

Throe' modifications of this acid, a, /3, y, are formed by reduction of the ipvre- ' 
aponding nitrobenzeneaulphonic acids (p. ^23). Of these, the one designated is 
identical with the acid long known as sulphanilio acid, pr^uced by the action of sul- 
phuric acid on aniline (v. 477) ; and this acid is converted by chlorine into a cbloto- ' 
benzenesulphonic acid, the chloride of which, when treated with phosphorai^ penta- 
chloride, yields ^aradichlorobenzene (1:4)^ according to the reaction : > - 


C«H^C1.S0=C1 + PCI* = POCl* -I- SOOP 


C*H«C1». 


Sulphanilic acid is therefore the para-modification of amidobenzenesulphonie aoid. 
Now both this and tlie modification designated as 7, hro converted by treatment with 
bromine into ordinary tribromaniliue, which, as Korner has shown (p» 196), has 
the constitution 1 : 2 : 4 ; 6 or G*.NH*.Br.H.BrJEI.Br. Consequently,, one of these 
two amidobenzenesulphonic acids must have the groups NH* and SO*H in the 1 : 4 
and the other in the 1 : 2 positiou ; thus : — 

2fH* NH* 

/Xbt 


SO*H 





1 : 4 position has, however, been shown to belong to the ^-modification, or sol- 
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phaiiilie aeid ; the y-add neoat, therefore, be the 1 ; 2 or ortho-modiflcation. For 
the a*add there remains, therefore, only the 1 : 3 or meta-institution (Ndltiag). 

The thm amidoiida are converted by the action of nitxouB acid into the eorre- 
sponding diasobensenesu] phonic acids. 

These conclusions are corroborated bv the result of heating the potassium salts of 
the corresTOiiding bromobenzenesulphonic acids with dehydrated potassium ferrocy* 
anide. The potassium salt of iS-bromobensenesulphonie acid ^obtained either from 
bromobensf^ and sulphuric acid or from sulphanilio acid)^ is converted by this 
treatment into a dicyanobenzene, C*li^(ON)*, which, when boiled with alcoholic 
potash, or more really when heated to 160*’ witli hydrochloric acid, is oonver^ into 
terephthalie acid; and the TOtassium salt of a-bromobenzenesulphonic acid 
(from a-amid^nzenesulphonic acid), treated in a similar manner, yields a dicyano- 
benzene convertible into iaophthalic acid. Oonsequentl^, o-amidobensenesul- 
phonin acid and its congeners belong to the meta*^ and the jS-aeids to the parn-serles 
and therefore the y-acios must belong to the or/Ao-series (Limpricht, wf nitn/sn, 

clxxx. 88). 

Metamidoheneenetulphonic aeid, C*.NH*.H.SO*H.U* (Bemdseo, he* cii.) 
This add was first obtained by Laurent, by reduction of nitroaulj^hobonzoic acid (v, 
477).^ It . is prepared by reducing metanitrobenzeneaiilphonic aeid with ammonium 
sulphide (Berndeen), or by heating bromometamidobensonesulphonic acid with hydriodic 
acid in sealed tubes to 120^ (Qoslich). It usually erystaliises in long slender odneen 
trically grouped anhydrous needles ; but by very slow separaUon from aqueous solu* 
tion at ordinary temperatures, it may be obtained in transparent colourless monoelinic 
prisms containing 1|HK), which they give off slowly with cfiftorcsconee. It is 
sparingly soluble in cold, freely in hot water, insoluble in alcohol and ether. The 
aqueous solution turns red in contact with the air, and then yields coloured erystals, 
which, however, become colourless again by recrystaUisation in contact with animal 
charcoal. When heated it decomposes without previous fusion, leaving a slowly 
burning cinder. It is easily oxidised by sulphuric acid and potassium emromate or 
manganese dioxide, but does not yield quinono. The diazo-aeid formed from it by 
the action of nitrous acid yields, when heated with water, a phenol-sulphouic 
convertible by fusion with potash into resorcin— a further proof that this acid 
belongs to the meta-series {2r,d SuppU 1110). 

Bromine acts immediately on mctamidobonrcnesul phonic acid in aqueous solution, 
forming a di- or tribromamidobonzonesuiphonic acid, accordingly as 2 or 8 mols. of 
bromine are ndde<l. With more than 3 mols. of bromine, bromanii, (0*Br*0^, is 
Uso formed, being the direct product of the action of bromine on the tribrominated acid. 

Chhrint in excess passed rapidly into a hot strong solution of the aeid colours it 
red, brown, and Anally yellow, and throws down crystals of chloranil,CH!llK>’. The 
sipBie substance is produced by treating the acid with hydrochloric acid and potamium 
cUMte, whereby nearly the whole of the sulphur of the amido-acid is eliminntad as 
srajjpirio acid. The piquet of the action of ^ mols. only of chlorine on the amido- 
aeid^s dichloramidobenzenesulpholiic aeid, C*IIKh^NH*)SO*H -f 2H*0» 
whiw forms delicate white needles easily soluble in water. 


Afetamidobcnzenceulphonaie, (0*H*.MI^O*)*Ba.6H*O, crystallise in small 
redcndi prUms which dissolve easily in water, and give oil the greater part of their 
water of erystallisaUon over oil of vitriol. The lead $ali, (0*H^.NH*8O*)*Pb, forms 
rather large reddish six-sided anhydrous prisms, slightly soluble in cold, more freely 
in hot igater. 

^^^kamtdobenzeneaulpnonie acJd,C*.NH*.SO*H.H*(Bemdsen a. Limpricht. 
l od fc tf . ; Bahlmann, lAebi^e Annalen, elxxvi. 307). — This acid, prepared by reduction 
txf orthonitrobenzeDesalphonic acid, is distin^ished by the beauty and variety of its 
ciystalline forms. It usually separates in dull white crystals, exactly like rnombo* 
liedrons, sometimes also in groups of thick rhombic tablets, intergrown with trans- 
parent, colourless, highly lustrous crystals, some more isolated and consisting of four- 
sided prisms bevelled at both ends with two faces, others exhibiting a larger number 
of Asees. A solution decolorised by animal charcoal deposits, after standing for some 
time iu a cloeed veesel, colourless or white crystals, and the mother-liquor, eoneen- 
trated by evaporation, yields crystals of a pure yellow, or light-red to brown-red, and 
sometimes violet colour, which also may be aecolorised by animal charcoal. The 
eiystala of ihombohedral aspect are anhydrous, the transparent shining prismatie 
crystals have the composition 20*H\NH*)(SO*H)+ H*0. 

The barittm salt, (0*H^KH^SO*)*Ba, forms rather large transparent, eolooriess, 
oblique four-sided prisms, with oblique eod-face% anhydrous, and easily soluble in 
water. ^ 

The lead sail, (0*H*NH^S0*)?.2Fb -f crystallises in small shtnfog ets* 

« 2 ^ *■' ■ 
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sided lamlniB, or in larger prisms, sx)aringl}r soluble, ill 'water (Bersdsen a. Limp' 

ricl^. 

Die potassium salt, C*H^(NH*).SO*K+ 6H*0, forms large colourless well- 
defined prisma, vbtj soluble in water* The sUver salt, C*H^(NH?).SO*Ag (anhy- 
drous), crystallisee in slender, brittle, brownish nee^es, easily soluble in hot, 
rather sparingly in cold water. The solution when heated quickly turns dark red 
(Bahimann). 

The action of bromine on orthamidobenzenesulphonic acid gives rise to the forma- 
tion of sulphuric acid, tribromaniline, monobromamidobenzenesulphonic acid and di- 
bromamidobenzenesulphonic acid, G*.SO*.NB‘.Br.H.Br.H. 

SO-H 

Nitroparafnidobensenesulphonio or Kitrosulphanilic aoid, 

iTh* 

is produced by heating the corresponding hromonitrobenzenesulphonic acid to 180^ 
with alcohi>lic ammonia. It is a yellow uncry stallisable solid. The following deri- 
vatives ha^'e been prepared : — 

Potasnnm salt, 0®H*(NH*)(N0*).S0*K + H*0. — ^Warty groups of indistinct 
yellow crys tals. 100 c,c. of the aqueous solution at 6® contain 6*29 gnnSf of the 
anhydrous salt. 

Ammopium salt, C*H*(NH*)(NO®).SO*NH*. — Anhydrous; resembles the potas- 
sium salt. 100 c.c. of aqueous solution at 6® contain 13*44 grm. of the salt. 

Barivm salt, [C‘'H»(NH*)(N02)SO*]2Ba + 2iH*0.— Beep yellow laminae. 100 
C.C. of the uqueoua solution at 9® contain 0*5168 grm. of the anhydrous salt. 

Lend salt, [OH»(NH*)(ND®)SO*pPb + 2H=0.— Broad yellow needles grouped in 
tufts. Decomposes at 180®. 100 c.c. of solution at 6® contain 2*087 grm, of the 

anhydrous salt. , 

Chloride, 0*n®(NH*)(NO*).SO®Cl. — Crystallises from ether in large light-yellow 
transparent rhombic crystals melting at 69®~60®. 

Amide, C*H*(NH®)(NO*).SO®NH*. — Crystalflses from hot water in light yellow 
slender needles melting at 165®~156® (Goslich, Liebigs Annalen, clxxx. 103). 

• BO*H 



Liamtdobenaenesulphonic acid, I f (Sachse, Liebigs Annalen, 

clxxxviii. 148). — This acid may he formed by reduction of the corresponding dinitro- 
acid (p. 226), either with ammonium sulphide or ' better with tin and hydrochloric 
acid. When purified by recrystal lisatjon it separates from solution by slow cooling 
in large woll-doflned rhombic tablets; » by more rapid cooling in ritreous rhombic 
prisms ofYen several inches long, with oblique end-faces which reflect light totally ; 
from ver^ strong solution it crystalliies in small needles. The crystals when fresh 
are colourless or slightly yellowish, but often become darker coloured on exposure to 
the air ; the aqueous solution also soon turiis brown and afterwards violet. The acid 
dissolves easily in hot, sparingly in cold water, and is nearly insoluble in alcohol and 
ether. When heated it decomposes without previous fusion. 

The aqueous solution of the acid has a strong aci^ X3action and decomposes carbo- 
nates ; but the salts which it forms with bases are by no means well defined, and 
solidify in coloured, non-crystalline, or scarcely crystalline masses. 

With the stronger acids, on the other diamido-acid forms well-charac- 
terised salts. • 

The hydrochloride, C®H*(NH*)=SO*H.Hdl (aidydrouH), separates on cemling a 
SIdution of the diamido-acid in hot coueentrsAffi - |d^ acid in faintly reddish 

nesdles, moderately soluble in cold, easi^ in Sot water. The stannoso-chloride, 
0*H*(NH*)*SO*n.HCl.SnCl“ (anhydrous), is formed in the reduction of dinitrobenxene- 
sulphonic acid by tin and hydrochloric acid, and may bo purified by recrystaliisa- 
tion firom a small quantity of hot water. It then forms small colourless shining 
needles which, when exposed to the air, lose their lustre and turn yellowirii. The 
aqueous solution reduces mercuric chloride, and gives a black precipitate with 
hydrogen sulphide. 

' The hydrobromide, C*H*(NH*)*SO*II,HBr (auhydrous). — ^Prepared Ifte the hydro- 
chloride. Small shining reddish prisms or long needles. 

-SnipWr*.— The neutral salt, [C*H*(NH*)*SO»Hp.SOlH* + H*0, is formed by 
heating the diamido-acid with sulphuric acid diluted with an equal volume of wnter 
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till it diBsolves, and separates on cooling in eolonrloM aluning tablets, 'which beooine 
opaque when zemoyed fro^the mother-liquid, and axe not easily freed from it, on 
account of their great solubility in water. 

The acid saU, C*H*(NH*ySO*H.SO^H* + Deposited from the mother- 

liquor of the preceding, after eyai>oration and cooling, in small transparent four-sided 
prisms. 

DiAzoBjEirsxirn8V]:.PHONxc Acids, — ^Two modifications of this 

acid, the meta- and ortho^^ are obtained by the action of nitrous acid on the corre- 
sponding amido-acids. They are represented by the following formulm : 



Metadiazobeneenesidphomc acid was first, described by Meyer a. Stiiber (Licbtya 
Annalen, cIxt. 16d), who, however, obtained it only in an impure state, mixed with 
amidobenzeneeulphonic acid. To prepare it in the pure state, a hot concentrated 
solution of motamidobenzonesnlphonic acid is loft to cool till the acid begins to sepa- 
rate out^ and a rapid stream of nitrous acid gas is passed into the pasty mass, the 
cylinder containing the acid being cooled by immersion in cold water. When the 
liquid becomes clear, which shows that the action is complete, it is left for twsnfy- 
four hours at as low a temperature as possible, and the diazo-acid is separated frtim 
the* supernatant liquid, freed from adhering liquid by pressure between porous tiles, 
and further treat^ while still moist with nitrous acid. When perfectly dry, it is a 
most dangerous body, exploding with the greatest violence even when stirr^ with a 
spatula. 

This acid ciystallisos from water in small reddish-yellow prisms very soluble in 
water, and decomposing at 60^ with rapid evolution of nitrogen. Absolute alcohol 
does not act upon it at the boiling heat Under ordinary pressure. Heated on platinum 
foil it explodes, leaving a porous slowly combustible cinder ; it likewise explodes 
when struck with a hammer. It is decomposed by hydrobromic acid, forming meta- 
bromobenzenesulphonic acid, C*Br.H.SO*llJf*, together with a bromophenolsulphomo 
acid (Bemdsen, Liebiff^s Annaleti, clxxvii. 88). 

(hthodiacobenrenemlphonic acid is formed by passing nitrous acid gas into water 
in which the finely pnlverisod ortho-amido-acid is BUBX>ended, the pul ve^ent precipi- 
tate quickly changing to laminar crystals, which sparkle brilliantly in the liquid as 
they are stirred up by the gas-stream. Under the microscope they appear as rhombic 
plates ; and larger yellowish c/ystals of the same shape are deposited when the 
liquid, filtered from the tabular crystals, is left to stand in the cold. The cratals 
detonate sharply when heated on platinuiq^oil, and give off nitxo^n when CK>iled 
with water. The acid mixed with hydrobromic acid and evaporated, is converted into 
orthobromoboDzenesulphonic acid, G*.Br.SO*H H* (Berndsen a. Limpricht, ibid, 101). 

SromukldolieiiKeiieaYsJpl&otito ULcfOo* (1.) Tlio mofwbrommdted acid, 
C*H*Br(NH*).SC)*H, obtained by reducing the ammonium salt of nitroparabromobsti- 
xenosulphonic with ammonium sulphide, forms a white induitiDetlycrystaUine'^io^er,^ 
containing mol. water of crystallisation ; ^aringly soluble in cold, more easily in 
hot water. Its barium and*' gad salts are non-crystalline powdeztp, nearly insoluble 
in water. 

On heating this bromamidated IMid wdth hydriodic acid to 120^-180^, the bromine 
is replaced by hydi^en and maii^itijlpbeDgenesnlphonie acid is produced. 
Hence tUs bromamido-acid and bromonftro-acid are reDreeentedv 

by the following formulm : 

eom 


Br Br 

p-bromo-m-nStro* p-txn 

^enaeDesuSptoonlc add. benaeiii 

(QosHch, Deaf. Ckcm. Gts. Ber, viii. 353; lAM^a Annalen, clxxx. 100). 
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{2,yii£€tabrofiiorthamido6enMens9u^honio. acid, <}*.SO*H.N2P.H.H.Br.H 
(I^pneht, Liebiff'a Annalen, clxxzi. 196 ; Thomas, ihM. dxxxvi. 126 ; Bahlmaim, 
ibid, dzxxri. 310; Borns, ibid. clxxxviL 368). — ^Thia acid ia produced: 1. Together 
^ih other products, by the action of bromine on orthamidobenzeneaulphonic acid or 
its barium salt. Bromine (1 mol.) is slowly dropped, with agitation, into a very dilute 
and cooled solution of barium orthamidobenzenesulphonate, whereupon the colour of 
the bromine immediately disappears, and a precipitate ia formed, consisting of barium 
sulphate and tribromanilino. The liquid, heated to the boiling point, neutralised 
with barium carbonate, and filtered hot, deposits, on cooling and evaporation, first, 
dibromamidobenzenesulphonate of barium in small well-defined crystals, then the 
monobromamidobenzenesulphonate in thin Laminse, and finally amidobenzenesulphonate 
and bromide of barium. The monobromamidobenzenesulphonate, purified by a few 
recrystallisations, and decomposed by dilpte sulphuric acid, yields the free monobro- 
mamidobenzenesulphonio acid, to which, however, a certain quantity of amidoben- 
zenesulphonic acid still obstinatel/ adheres. The separation of the latter i» best 
efiTected by stirring up the mixture with water at 60^-70^, decanting from the undis- 
Bolved amido-acid, and filtering off the solution, cooled to about 30^, from brom- 
amido-acid, which then separates out. The acid thus obtained is pressed and rccrys- 
tallised from water till the solution no longer turns red, an effect which indicates the 
presence of unaltered amidobenzenesulphonic acid (Limpricht ; Bahlmann). 

2. By reducing the corresponding nitro-acid with ammonium sulphide, or^ better 
with tin and hydrochloric acid. The metal and acid are heated together till hydro- 
gen begins to escape, and the concentrated solution of the nitro-acid is then added. 
The liquid soon becomes colourless, and on cooling deposits the bromamido-acid as a 
white crystalline mass. The liquid filtered therefrom and freed from tin by hydrogen 
sulphide, yields on evaporation an additional quantity of the amido-acid, which may 
be purified by crystallisation from hot water, with the aid of animal charcoal (Thomas). 

3. By the action of fuming sulphuric acid on parabromacetanilide. This suV 

stance — prepared either by adding bromine-water to acetanilide suspended in a large 
quantity of water, or by ad<!ing the calculated quantity of bromine to a solution of 
acetanilide in glacial acetic acid — ia heated to 170"^- 180^ for several hours in a 
porcelain basin, with an equal weight of filming sulphuric acid, whereupon acetic 
acid ia evolved ; the viscid mass, which gives off large quantities of sulphurous acid, 
is stirred up with water after cooling ; and the undissolved bromamidobenzenesul- 
phonio acid is purified by recrystallisaUon from hot water, with addition of animal 
charcoal. The bromamido-acid remaining in the liquid may bo obtained by neutralis- 
ing with slaked lime, evaporating the filtrate, and decomposing the calcium salt with 
sulphuric acid. The bromamido-acid obtained by this process is sometimes contami- 
nated with bromaniline ; in that case it must be evaporated down with baryta-water 
till aU the bromaniline is volatilise<l, and the resulting barium salt decomposed with 
sulphuric acid (Borns). _ ^ * 

This bromaraidobenzenesulphonic acid crystallises in long slender white silky 
needles, containing 1H*0, or in large tl;iick light brown slowly efflorescent prisms, 
with 2H*0 (Borns). It is slightly soluble in cold, easily in hot water, nearly insoluble 
in alcohol ; burns away when heated ^ platinum foil, without previous fusion. 

Amme^um sali, 0*H*Br(NH*).SO*NH* (anhydrous). — Small reddish easily soluble 
crystals (Borns). 

Poiassium salf, 0*H»Br(NII*).SO»K (anhydrous). — Transparent laminae or prisms 
easily soluble in water (Thomas, Borns). 

Barium salt, [C*H*Bp(NH*)SO*]*Ba + H*0. — Q>k>urless nacreous prisms or 
laminae, which turn red in the moist state and dissolve easily in water and in dilute 
alcohol (Limpricht, Thomas, Borns). 

Cakium salt, [0*H*Br(NH*)SO*l*Ca + H*0. — Small prisms very soluble in 
water. 

Lead salt, [G''H»Br(NH*)SO»]»Pb + 2H»0.— Well-defined long flat needles, mostly 
pointed, less soluble in water than the other salts (Thomas). 

The chloride, formed by gently heating the potassium salt with PCI*, separatei!i 
as an oil on addition of water, but decomposes somewhat rapidly during washing 
with water, the wash-water after a while depositing fine crystals of the acid (Boms). 

The diaao^ompound, C*II®Br<^Q,^, formed by passing nitroos acid into a 

small quantity of strong alcohol in which the bromamido-acid is suspended, forms 
needles whi^ turn red on exposure to light. It explodes when heat^ or struck, 
dissoLves readily in water, but quickly decomposes in the solution ; dissolves some- 
what sparingly m alcohol (Boms). 

This diano-oompoubd is converted by the Hctton of hydrobromic acid into para* 
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dibromohenseneiiralphonic acid, and boiling witli aboolutc alcohol into mctebroaw* 
bencenesolphonio acid. Thaac reaotioiia establish the oonatitution of the broioaBiido* 
acid, as ehown by the following formula: — 


so»H 80 *h BO*h 



OrtkohromometamidohtneBnesulphonto acids, C*H’Bi(NH*^.SO*K 
(BahlmanDi Liebig^s Annalen, clxxxii. 318, 822). — Ozthobromobonxenesiilphonio acid, 
treated with veiy strong nitric acid, yields two nitrobrominatcd acids, 0*H*Br(N0)*.80*H, 
whi<^ may be separate by means of their barium salts, one of which, constltutiug the 
principal produc^ ci^stalfises in needles, while the other, which is tlio more solobla of 
the two, crystallises in laminie. The acids separated from these barium salts yield, by 
reduction wiUi tin and hydrochloric acid, the corresponding bromamidated acids. 

a. The bromamido-acid obtained from the nitro-acid gelding the acicular barium 
salt, eeparates from a concentrated aqueous solution in slender white anbydxoup 
needles, easily soluble in hot, sparingly in cold water, inaoluble in alcohol and in ether. 

hedrons, containing 2H^O, which easily effloresce, and may 'be convortod by'recrystaU 
lisation into the anhydrous needles. 

Tlie following salts were obtained by neutralisation with the respectiTe car* 
bonates : — 

[0*H*Br(KH*)SO*]*Ba + 2H*0. The solution of the acid neutralised with barium 
carl^nate b^mes deep red ou evaporation, and solidihes when highly concentrated to 
a radio*cry stall in e mass. The salt, when freed from mother-liquur by pressure, dis- 
soItcj rery easily in water and in alcohol. 

[C*H*Br(NH*)SO*l*Pb. Separates from solution after nearly all the water has 
been evaporated, as a nrownish indistinctly crystalliue mass, which redissolves very 
easily in water. 

C*H"Br(KH*)SO*Ag. The ueiitral solution quickly turns red, and deposits the 
salt in uodular groups of small brown needles. 

The relative positions of the NH* and Br in this acid are determined by the 
following reactions: (1). By heating the acid with hydriodic acid and phosphorus, the 
bromine-atom is removed, and niotamidobcnsEoiiesul|)honic acid is produced ; (2). By 
converting the bromamido-acid into the corresponding diazo-compound, and heating 
the latter w'ith liydrobromio acid, paradibromol^uzenesulphonic acid is obtained. The 
fimt reaction ^hows that the NH^-grrjup is in the meta'position with rogatxl to the 
SO*H« and the second that the bromine-atom in the original acid is in the para- 
poeition with regard to the NH^ and therefore in the ortho-position with respect to 
the SO*H. The acid is therefore metamidorthobromobenzenesulphonic acid: 

SO'II 



The bromamido-acid fdniicd from the nitro-acid yielding the laminar barium 
salt, as above mentioned, crystallises in well defined yellowish pointed prirans, 
sparingly soluble in cold, easily in hot water ; when heated it chars without previous 
fusion. Its barium salt, [C*H^Br(NH^)SO*pBa + forms small indistinct nodules 

easily soluble in water and alcohol. 

Attempts to determine the structure of this acid — which was obtained in small 
'(imntity only — did not yield definite results. 

XMBromamiilobeiiMneaulpboiiio A«tda, G*H*(KH*)Br^.80*H. (1). Dtbrc^ 
mor tharfiidobemenesulphonicacid, 0*.SO*II.NH*.Br.H.Br.H (Bemdsen a. Ltm* 
prioht, Liebig's AnnaUn, clxxvii. ; Limpricht, ibid, clxxxi. 108 ; Deut, Chem. Ber, 
viii. 1420). — When bromine is added to a solution of orthamidobensenesulphonie acid 
or its barium salt, a precipitate is formed confining — together with a little tribrom- 
aniline and barium sulphate — dibromorthamidobenzenesulphonic acid or its barium^ 
salt, the greater part of which remains in solution, and may be separated therefrchk by 
evaporatmn. Both the free acid and its barium salt are but sparingly soluble in 
water, and therefore easily purified. « 
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cxyitalUses in crusts of thick rhombic tables* or by slow evapoxa^ 

liOD from dilute solutions in four^sided prisms containing d mol. H^O. The^^asswm 
sdUt 0^^r^H‘.S0*K + H^O* forma easily soluble transparent needles which easily 
effldresce. The sodium sali, 0*H^Br^NH^.SO*Na + H‘0» ciystallises on cooling from hot 
solutions in large flat prisms, which effloresce on exposure to the air, and when left in 
the mother-liquor quickly change to thick crystals resembling g^sum, which do not 
effloresce, although they still retain 1 mol. water. It is less soluble than the potas- 
sium salt. The barium salt, (0*H*Br®lS[H*SO*)*Ba + 1 forms small faintly radish 
prisms moderately soluble in hot, slightly in cold water. The ocUoium salt, 
(C'H^Br^H^SO*)^Oa, crystallises in concentriegroups of needles, moderately soluble 
in water; the lead salt, (0*H“Br®NH*SO*)*Pb + iPO, in tufts of small very flat prisms, 
somewhat sparingly soluble. 

The chJMride, C*H®Br*NH®.SO*Cl, appears to be formed by heating the potassium 
salts with phosphorus pentachloride, but the residue left after washing with water 
consists merely of reproduced dibrouiorthamidohenzenesulphomc acid. • 

This acid has the constitution represented by the first of the following formulae ; 
for when treated with bromine it exchanges the group SO*H for Br, and is converted 
into the tribromaniline represented by the second formula (ordinary tribromaniline) ; 
hence also the dibromobenzenesulphonic acid formed by substitution of H for NH* in 
this amidated acid must have the symmetrical constitution represented by the third 
formula : 

80*H Br SO*H * 



Dihromometamidohenzenesulphonio acid^ C*.SO*H.H.NH*,Br®H. — ^When 
2 mols. bromine are added to a hot concentrated solution of the metamido-acid, a very 
violent action takes place, thejcolour of the bromine disappears immediately, and the 
dibrorainatecl acid ultimately settles down as a sandy precipitate, the supernatant liquid 
still retaining a considerable quantity of it, wflich may be obtained by evaporation. 

Purified by recrystallisation from hot water, nt forms small white anhydrous 
• needles, which do not melt when heated, and decompose dnly at a very high tempera 
ture. It is but sparingly soluble in hot,* still less in cold water, insoluble in alcohol and 
ether, somewhat freely soluble in the originsd liquid still containing hydrobromic acid. 

The potassium salt, C®H*Br®NH*.SO*K + Ii*0, forms easily soluble nacreous 
laminae. The barium salt, (C*H*Br*NH*.SO*)*Ba + 6H*0, forms transparent colourless 
monoclinic prisms often several inches long, easily soluble in water, efflorescing and 
falliog to powder on exposure to the air. The lead salt, C*H2Br®NH*.SO®)*Pb, crystal- 
lises in m(^eratoly soluble, thin, nacreous, anhydrousdaminso (Berndsen a. Limpricht, 
Liebig's Annalen, clxxvii. 84 ; Beckurts, ibid, clxxxi. 213). 

An acid apparently identical with yh® preceding is obtained (together with a 
tribromamido-acid) by the action of tin and hydrochloric acid on the nitrotribromoben- 
zenesulphonic acid represented by formula C*.SO*H.Br.NO*.H.Br.Br (p. 247). 
This dibr<faiamido-acid crystallises jh small white or faintly reddish aifflydrous 
needles, which are decomposed by heat without previous fusion, are but slightly 
soluble in water, and nearly insoluble in alcohol. Heated to 120® with hydriodic acid 
and amorphous phosphorus, it is converted into m^^amidobenzenesulphonic acid. Its 
wtassium salt forms radiate groups of microscopic neejjles containing l^H^O ; the 
oariam salt long efflorescent needles o^ntaining 6H®0 ; the oaLcium salt, 
microscopic, very soluble needles, with 2H*0 ; the lead salt (anhydrous) 
nodular groups of microscopic laminae. All these salts are easily solnble in water. 
The t^zo-compound, obtained in small quantity by thq action of nitrous acid on the 
dibromamido-acid, is converted by the action of concentrated hydrobromic acid into a 
tribxomobencenesulphonic acid, which is most probably constituted according to the 
formula C®.SO®H.Br.Br.H.Br.H (p. 240), whence it follows that the amidodibromo- 
bensenesulphomc acid may be represented by either the first or the third of the 
followiiig formulae, the tribrominated setsid being represented by the seconl: — 



(Knuta, Liebigs Annalm, elxxxvi. 301). 
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(8). Dibromoparamidob§ng 0 n 0 Bul^ko%ie aeid^ 

(Jmx, DetU, Chem. Qea^ 1066; lAebigiy Jnnalm, eixxxi. 24^,^TIn8 »cidt 

obtained by the action of bromine on suiphanilie acid, eiystallises in trani^paront 
obtuse prisms which give off their water of crystallisation on exposure to the air. Its 

narium and lead salts are sparingly soluble. The dioro-oomj^oiind, 


NsoU 


formed by passing nitrons acii^ into the alcoholic solution of the aoid, separates in 
microscopic, ^uare, colourless, or yellowish plates, which become dark^ in the air 
and have a bitter taste. 

This dibromamido-acid is converted by treatment with excess of bromine into 
ordinary tribromaniline, 1 : 2 : 4 ; 6 (NH^ in 1), and by exchange of NH* for H 
(action of nitrous ether) into symmetric dibromobenzenesulphonio acid; and the 
diazo^ompound, heated with hydrobromie acid, yields (1 ; 3 : 4 : 5) tribromobenzene* 
Bulphonic acid. These transformations demonstrate the constitution of the dibrom* 
amido>acid, as shown by the following figures : — 


SO»H 



NH" 



(4). AmidoparadibromobeneenBaulp honic acid, SO*H : Br : Br : 

1 : 2 : 0 : X, the position of the NH* not being yet determined. Tho nitro>acid ob* 
tained by nitration of paradibromobeuzenesulphomc acid yields, by reduction with tin 
and hot hydrochloric acid, an amidated acid whi<^ crystallises from strong solutions in 
doLiciite white needles containing 0‘dH*O, which dry up in the filter to a felted mass ; 
from dilute solutions it separates in prisms having a faint violet colour. It docom* 
poses when heated above 160® without previous fusion, dissolves sj^aringly in nlcoliol 
and in cold water, and not readily even .in hot water. Its salts nro veiy soluble. 
The jtoiassium aalt, C*H*Br^(yH*).SO*K, separates slowly from concontratctl solutions 
in large anhydrous monoclinic tAbiot4. The barium sali, [C*H*Br*(NH“)SO*]'‘*Ba + H*0, 
crystallises from concentrated solution in groups of transparent prisms, which turn 
reddish in the air and dissolve easily in alcohol. Tho lead Balt, [C*ll*Br*(NlI*)SO*]*Pb 
-I- 8II“0(?), forms plumose groups of small white iioodlcs soon turning brown, or light- 
brown prisms. 

Tho diazo’compound of this acid crystallises in light-yellow prisms which detonate 
when heated. It dissolves easily in water, witlj nnxierate facility in alcohol, and is 
precipitato<l from the alcoliolie solution by ether. The aqueous solution decomposes 
quickly, the alcoholic solution more slowly. By the action of concentrated hydro- 
bromic acid this diazo-compound is convert^ into a tr ibromobenzenesulpbouie 
acid, the constitution of which has not yet bc^n determined (Borns, IMbiffa Annals, 
clxxxvi. 362). 

Tritorommmiaobeiiaenesulplioiiio Aofds, C*HBr*(.SH<).SO*H. Of these 
acids three are known, one derived from ortho^ and two from 97i«^a-amidobenzune- 


siilphonic acid, viz. : — 
.so*u 

SO»3I 

fiO-H 


/\nh 

• „ Br/\B 


|Br 

Br 

Br 




1. TrihromorthamidobenzeneBulphonio acid is obtained by the action of 
tin and hydrochloric acid on the correspoi^Dg nitro-acid, which is formed by nitra- 
tion of tribromobenzenesulphonic acid, C*BO%NH^.Br.Br.Br.H. It crystallises in 
tufts of colourless or sli^Uy reddish, slez^er, flexible needles, which, under the 
microscope, exhibit pointed summits or oblique end-faoes. It dissolves easily in 
water and in alcohol of 06 p. c., and its concentrated aqueous solution gives precipi- 
tates with barium chloride and lead acetate. It easily blaifitens when heaM. tie 
barium salt^ [p<BGBE*(NH*)30*]% + dissolves sparingly in cold, easily in hot 

water, and g^sUiftr on cooling in ocfiourlsss lamine, burning yellow after repeated 
eiystellisatjoo. 

The dioBfo-compoimdot this acid separates from a well-cooled concentrated eqneone 
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solntkliii M a coIc^mleM powder made up of short microscsopie prisms. From alooholie 
solution it separates in tufts of slender microscopic ^esdles. It appears to be pe^ 
manent in the dry state, and explodes when hmted, but not by percussion. It is 
moderately soluble in water and in alcohol, and decomposes slowly in the alcoholic, 
quickly in the aqueous solution at summer temperature. Strong hydrobromic acid 
decomposes it on prolonged boiling, forming consecutiTO tetrabromo&nsenesulphonie 
acid (1 : 2 : 3 : 4 : 5) (Lenz, lAebi^a Annalen, dxzxi. 43). 

2. Tribromomeiamidobenzenesuiphonic acid (with symmetrical bromine- 
atoms), 0*.SO*H.Br.KH*.Br.H.BT, is form^ by tbe action of tin and hydrochloric 
acid on a well-cooled solntion of the corresponding nitro-acid. It is usn^ly accom- 
panied by a small quantity of a dibromamido-aeid, which, at higher temperatures, 
forms the chief product, especially if the action be prolonged 

This tribrominated acid crystallises in long slender needles haTing a silky lustre, 
moderately soluble in cold, more soluble in warm water, slightly soluble in alcohol. 
It has a slightly astringent taste, blackens when heated above 200^ in a te&b-tube, 
and burns on platinum foil without previous fusion. The concentrated solntion is 
precipitated by potassium carbonate and lead acetate, but not by chloride of l^rium 
or calcium. 

The corresponding didzo-campaund, which crystallises in microscopic, rhombic, 
nearly square plates, is converted by boiling hydrobromic acid into a consecutive 
tetrabromobenzenesulphonic acid, C*.SO'H.Br.Br.Br.H.Br (Beinke, Liehig*s Annalen, 
clxxzi. 281). 


3. Tribromometamidobenzenesulphonic acid, C*.SO*H.Br.KH*.H.Bp.Br 

i with unsymmetrical bromine-atoms), is formed, together with a dibromamidated acid 
p. 232), by the action of bromine on m-amidobonzenesnlphonic acid. The two acids 
may be separated by recrystallisation from hot water, or, better, from boiling alcohol, 
in which the tribrominated acid is easily soluble, whereas the dibrominated acid is 
neivrly insoluble. 

The tribrominated acid crystallises in slender colourless needles which dissolve 
easily in hot, much less easily in cold water and alcohol, and carbonise when heated, 
without previous fusion. Bromine added to the hot aqueous solution throws down 
tetrabromoquinone. * 

The potassium salt, C*HBp*(NH*).SO*K + H*®, forms thin nacreous laminse easily 
soluble in hot, spimngly in cold water. The barium sa^^,*[0*HBp*(NH*)SO*]*Ba + 9H*0, 
forms small shining rhombic plates, easily soluble in hot, sparingly in cold water. 

The dicuso^ompound, formed by passing a rapid current of nitrogen triozide into 
a strong alcoholic solution of the acid, crystallises in small yellow rhombic tables 
which burn vividly when heated on platinum foil. It dissolves with red colour in 
hot water, nitrogen being evolved ; and is decomposed by boiling alcohol under pres- 
sure. H]^obromie and hydr iodic acids dissolve it easily (Beckurts, Liebigs Annalen, 
clxsod. 216). « 

SO*H 


VetraHromamiaoltenxeneaulptaonfo 


Acid, 


Br 

+ 2H*0, formed 
Br 


NH* 

by reducing the corresponding nitro-acid vKth tin and hydrochloric acid, eiystalliw 
in slender microscopic needles, easily soluble in hot, less soluble in cold water and 
alcohol, and charring without previous fusion when heated on platinum foil. It is 
not converted iqto bromanil either by bromine or W^ckromic acid. 

The potassium salt, C*Br\NH*),SO*K + 1^H*0, forms nacreous prisms slightly 
soluble in water The barium salt, [C*Br*(NH*)SO*]®Ba + H*0, crystallises in laminae 
which are sparingly soluble in water and separate slowly again from the solution. The 
C(Mum salt, [C*Br^NH*)SO*]Ca't' 7H*0, separates* on cooling from the hot aqueous 
solution in laminae having a satiny lustre, easily soluble in hot, sparingly in cold water. 
iBr* 

The diato-eompound, N=:N, obtained by passing a rapid current of nitrogen 

tso*/ 

‘rioxide into an almholie wjlution of the amido-aeid, forms microscopic rhombic tableH, 
which explode fvt!V>1y when heated. It dissolves in hot water with decompoHition. 
but is not decomposed Ity boiling with alcohol. Hot hydrobromic acid dissolves it 
with turbulent evolution of nitrogen, forming pentabzomobenaenesulpbonic acid, 
C^r^.SO*H (Beckurts, Liebig's Annalen, clxxxi. 225), ^ 

MetliyUuntdolkeaxeBeaiilpl&fmio or SflCettagrlattlUnemUplioale Acid, 
(O. A Smyth, Ohtm. &a. Btr. 1874, 1287). TbU Mid i« 
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f!>niied» together with methenedisulphomc (nethionie) add* 0H\30*H)S by heftting 
methylaoetanitide with sulpb^c acid to 140‘»r<150^ aa long as acetio acid is thereby 
evolved* The liquid, diluted with water, neutralised with barium carbcmate, and filtered 
while hot, deposits, on c^ling, a white ^fstalline powder consisting of the barium 
salt of methenedisulphonic acid, GH*(SO*£f)*, formed by the action of the sulphnric 
on the acetic acid ; and the mother-uqnor contains the barium salt of methylaniline- 
sulphonic acid, which, when freed from adhering red colouring matter by repeated 
ciystailisation, with the aid of animal charcoal, fSrms white laminse having the oom- 
pontion (C*HlNHCH*.SO*)^Ba + HK>. The free acid forms anhydrous oxystals 

which decompose at 182*^ without previous ihsion. With bases it forms well-costal- 
lised, extremely soluble salts. The Itad-ialt separates from aqueous solutiou in 
microscopic crystals. 

Vimethylanilinesulphonic acid, is obtained by heating 

dimetliylaniline to 180^*-190^ with rather mord than the equivalent quantity of 
sulphuric acid, till a sample almost ceases to give a precipitate with caustic soda. 
The solution, which does not deposit crystals even on strong concentration, is nentral- 
ibod with barium carbonate, and the acid is separated from the resulting barium salt 
in the usual way. It melts with decomposition at 149^-160^. It is not altered by 
fuming sulphnric acid. With the alkalis and alkaline earths, and with some of the 
heavy metals, it forma woll-cxystallised salts, ail of which contain water, and, excit- 
ing the ammonium salt, are all easily soluble in water, sparingly in alcohol. The 
cupper and silver salts are easily reducible (SmytheV 

Btbylanllineaiilplionio Aeidt \ is formed by heating othyl- 

uniline with sulphnric acid to 190^ for several days. Its purifloation is difficult and 
can bo effiseted only by repeatedly precipitating the barium salt with alcohol and 
ether, this salt being thereby obtained, first as a red gummy mass, afterwards as a 
light red powder having the composition (C*U*.NHO^J&*.BO*)'-*Ba + 211*0. The acid 
itself is anhydrous and decomiposes at about 260® (Smyth). 

Armstrong {Deui. Chem, Ges. Ber, vi. 663), by heating ebhylaniline with sulphuric 
acid, obtained, not the acid just describul, but only amidobenzenesulphonio (sulph- 
anilic) acid. Smyth, however, finds Irhat when the ethylanilino used has been previ- 
ously purified from aniline by treating it with sulphuric acid at ordinary temperatures 
till aniline sulphate no longer separates from it. and it gives scarcely any coloration 
with chloride of lime, it yields no more than traces of sulphanilic acid when treated 
as above, whereas somew^t larger quantitius of sulphanilic acid are obtained from 
cthylaniline which has been purified merely by fractional distillation. It may be 
concluded, therefore, tliat Armstrong's vsiult was due to the presence of aniline in the 
cihyliniline employed. 

Biethylanilincsulphonic acid, obtained by prolonged 

heating of ethylanilino with sulphuric acid to 200®-2l0®, and is also very difficult to 
purify. It was obtained as a reddish aDhydA)U8 powder, not decomposing at 260®. 
The 6nrtum Bolt has the composition [0*&*.N{0*H‘)*S0*l*Ba + 2H*0. The salu of 
both these ethylated acids are crystauisablo, lAit not well deOned ; the si Iyer salts 
cannot be prepared, as they are too easily yeduced (Smythe). 

Bromobenseaesulplionjle Jkutfia. The three modifications of the 
moDobrominated acid, C*H*Br.SO”H, are obtained from the corresponding amidated 
acids by treating the latter wii^ nitrous acid, and heating the resulti|ig diazobenxene- 
sulpbonic acid with hydrobroinic acid (Limpricht, Deut, Chem, Ge$» Bet, viii. 466, 
1066 ; IAelng*B Annalen, clxxvii. 92, 101). 

ParabromohenteneBulphonio acid, C*,Br.H,BLSO*H.II*, prepared in this 
manner from sulphanilic acid, is identical with the scid obtained oy the action f>f 
fuming sulphuric acid on bromobenzene, or of bromine on benzenesulphonic acid 
{2nd 8uppl. 163). According to Nolting {Deut, Chem, Gea. Ber, viii. 362) the same 
modification is produced by passing the vapour of sulphuric anhydride through 
bromobenzene. Armstrong {T^tachr, f, Chem. [2J, vii. 821), by treating bromobenzene 
with sulphuric hydroxychloride, SO^OH, obtained a bromobenzenesulpbonic acid, 
whose barium salt ciystalUsed with 3 mols. water ; accorvling te Nolting a. Wrseezinski, 
on the other hand, the acid thus prepared yields a barium salt which crystallises from 
hot solutions in anhydrous Laminae ; and by slow evaporation at oidinazy temperatures 
in nodules eoptaining 2H*0, like the^ barium salt of the ordinary acid prepared ^y 
treating bromobenzene with snlphnric acid. 

The following parabromobmuenesnlphonates are desGril>ed by O. GosUch {DeiU. 
Chem. Gea. Ber. viii. 362 ; TAebufa Ammeden, clxxx. 93) : — 
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Free acid, O^^.SO*H. Deliquescent needles. 

Ammonium ealt, 0«H<Br.S0*NH^ Lai^e transpai;p«fc prisms, 

Potaenum salt, CS^^p.SO'KL Small wMte ne^es. 

Parium salt, {C®H*BrSO*)*Ba. Law glistening plates. 
m Caicium salt, (C*fi*BrSO»)“Ca + 2H*0. Warty tufts. 

Lead salt, (C«k«BpSO*)*Pb 2H*0. Warty plates. 

According to Nolting, the lead salt crystallises from a hot concentrated solution in 
hemispherical anhydrous masses ; from dilute solutions in rhombic plates containing 
2 mole, water. 

The chloride, (0*H*BrS0*Cl), crystallises finom ether in large transparent crystals, 
resembling axinite, and melting at 75^. 

The amide, 0«H^BrS0*NH* forms needles, melting at 160®. 

The potassium salt, distilled with dry fotassium fenyeyanide, yields adicyano- 
benzene, 0*H^(t/N)*, which crystallises from alcohol in b^utiful shining needles, 
melting at 215®, and when heated \o 150® in sealed tubes with hydrochloric acid, is 
completely resolved into ammonia and terephthalic acid (limpricht). 

Metabromohensenesulphonio acid, C®.Br,H.SO*H.H* (Bemdsen, Liebigs 
Annalm, clxzrii. 92). — The diazo>compound of metamidobenzenesidphonic acid mixed 
with hydrobroraic acid and evaporated yields a mixture of metabiomobenzenosulphonic 
and phenolsulphonic acids, which, when neutralised with barium carbonate, yields 
crystals of barium metabromobenzenesulphonate and a non- crystalli sable ,mother- 
liquor containing the phenolsulphonate. , 

According to A. Thomas {ibid, clxxxvi. 123), this amido-acid is more easily pre- 
pared (as first proposed by Kolting) by the action of bromine on silver benzene- 
sulphonate. Pure benzenesulphonic acid is neutralised with silver carbonate, and 
bromine is added to the still warm filtrate as long as silver bromide is. thereby pre- 
cipitated. On evaporating the filtered liquid over a water-bath till it no longer smells 
of bromine, then neutralising with barium carbonate and evaporating the filtrate, 
barium metabromobenzenesulphonate separates out in hard crusts, easily purified by 
recrystallisation, with aid of jinimal charcoal. 

The following metabromobenzenesulphonates have been prepared : — 

Ammonium salt ; very easily soluble, wafty crystals. 

Potassium salt, C^H‘‘Br.S0*K + H*0. Small xoduleB. 

Barium salt, (O^H^BrSO^y-'Ba -i- 2H'-^0 and 24H*0, Gmail, snow-white nodules. 
salt, (C*H^BrSO*)*Pb Resembles the barium salt. 

The chloride is an oily liquid. The amide, C*H^Br.SO*NH*, crystallises from 
hot water in slender needles or shining laminee; from alcohol in thicker prisms. 
Molts at 163®-164®. 

Motabromobenzenesulpliomc acid, fused with potash, yields resorcin. Its pot « 
siurn salt, distilled with dry potassium ferrocyanide, yields a dicyn nohenz^' i-f 
which crystallistis in nodular groups of small needles melting at 18°. ai c v, 

vort. d l y heating with hydrochloric acid into isophthalic acid (l^rndsen). 

Ori hohromobemenesulphonid acid, C*.Br.SO*H.II^ (Berndsen a. Limprielii 
Libitys clxxvii, 101; Bahlmann, ifnd, clxxxi. 203; clxxxvi. 316). — 'Ih.b 

acifl is obtained by evaporating the d’azo-compound obtained from orthamidobenzeiie- 
sulphoni? acid wit i hydrobromic acid (b. p. 126®), and may be purified by converMug 
it inio a potassium salt, treating this salt With phosphorus pentacbloride, crystal lisimi 
tho rtisiiLtinu: sulphochloride, and finally decomposing it with wat^r at 140^-100 
The t‘re»‘ acid crystallises from concentrated solutions in long brown deliqucsceni 
needles which dissolve freely in alcohol. Its salts arci. easily soluble in water. Thf 
ammminm salt, C*II'BrSO*(NH^\ forms White tabular crystals. The potassium salt, 
0^1 ! TlrSO* K + H*0. crystallises in four-sided tablets. The barium salt. (C*H*Br80*)'B « . 
forms smjill prisms or small needles with various proportions of water. The cnlvitnt, 
ml'. (G'’H'BrSO*y*'Ca-‘- 2H*0, forms small white tablets. The Ipad sflt 
(G^H^BrSfWvPb . 3H“0. crystallises in transparent rhombic prisms. The silver sa' . 
0*H^BriSO*Ag. forms white pearly laminae, which decompose slowly on exposure to 
light 

The chluri de, 0‘H^BrBO^Cl, solidifies at low temperatures, and crystallises fri m 
ether in tlllts of pnintAd n>>iama mAltSitiv U-t. /51^ 

The amide, 0*H*Br.80^NH^ forms long white brittle needles, sparingly soluble 
in water and melting at 186°. 

Xftlbromobenaeneaiilplionlo Of the six possible modi- 

fications of this acid, live have been obtained, and the structure of fou^of these 
been determined, two being uusymnietricat, ore symmetrical, and one cons^v t>t v • : 
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jP'Difaromobenzene- m*DlbroinobeoMQe- o-Dibromobenseiie- 

Bulpbonlc acid. snlpbonio acid. 8u1 phonic acids. 

The two uneym metrical modifications, (1) and (3) are obtained simnitanoously 
by the action of bromine on the silver salt of motabromobeneenesnlplionic acid. To 
prepare them, bromine is added to silver metabromobenzeaeaulphonato as long as 
silver bromide separates, and the filtered liquid is treated with barium carbonate and 
evapoi^ted. A mixture of barium salts is tbeipby obtained, consisting chiefly of 
monobromobenzenesalphonate mixed with jMiradibromobonxenesnIphonato (1:2: 6) 
and a small quantity of orf Aebromobenzenesulphonate (1 : 3 : 4). The salts of the 
two dibrominated acids are deposited in comparatively large druses on the Iiard 
crystals of the monobromi Dated salt; they may bo obtained tolerably pure by loriga- 
tion with the mother-liquor, and fixrther purifled by recrystallisation. To separate 
the corresponding acids one from the other, tlie barium salts are converted into potas- 
sium salts, and from these the chlorides C*H*Br^.SOK)l are prepared b^ the action of 
phosphorus pentacbloride. The ethereal solution of these mixed chlorides, when left 
to evaporate, flnt deposits compact c^stals of pafwdibromoboneene sulpho^hloride 
(m. p. 71**), leaving an oily mixture of this compound with the ortho- modifleation. 
For further sraaration, these chlorides are converted by tlie action of ammonia into 
amides, C^*»r*.SO*NH*, and these are separated by repeated crystallisation from 
water and dilute alcohol, pnradibromobenzencsulphamido (m. p. 198°) crystallising 
out first, and afterwards a mixture of amides molting at about 160°, from which, by 
repeated recrystallisation, orf Aodibromobensencsulplmmide may be separated, melting at 
170°~171°. The amides heated to 170° in sealed tnt)ea witli hydrochloric acid yield 
the corresponding acids. 

1. 'BaradihromohenecnesiilpKomie acid^ C*.SO*H.Br.H.H.Br.H (Thomas, 

Liebig's AnruUm, clxxxvi. 1^9; Mmpricht, iftid, 139; Bahlmnnn, iftid. 312, 321; 
Boms, ibid, clxurii. 350). — This acid ia produced: I. By the action of fbming 
sulphuric acid on paradibromobonsone. This the process by which it was first pre- 
pared (2itd Suppt. 263). To obtain a pure product, crystallised |mrad}bromoboDKfne 
(m. p. 89^) is mixed with twice its volume of fuming sulphuric acid in a loosely 
stoppered flask, and the mixture is left- for eight to fourteen days on a sand-bath at a 
temperature not exceeding 100*’ ; the contents of the flask are then poured into water ; 
the solution is filtturod from unattacked dibromo1>enzeno ; and the latter, after washing 
and drying, is treated with fuming eulphnric acid as before. The strongly acid solu- 
tion thus obtained often deposits, alter a while, crystals of the dibromobensene- 
snlphonic acid, which, after being pressed ifiid recrjstalHsed, are quite pure. The 
remaining solution is neutralised with lime, strained, evaporated, and filtered from 
gypsum ; the filtrate is treated with barium chlgride ; and the barium dibromobenzene- 
smphonate thereby precipitated is purified by recr3'sUillisHtioD and deeoifiposed by 
sulphuric acid (Boms), * 

2. Together with ort.hodibromobensenesulphonic acid, by the action of bromine 
on the silver salt of metabromobenzenesul phonic acid, Tlte mode of separating the 
two dibrominated acids tbus^ noduced, by conversion into the chlorides and amides, 
has just been explained. The para-acid*is obtained by heating th^ chloride melting 
at 71°, with water to 170° in sealed tubes, and evaporating the resulting solution to 
a syru|^ consistence (Limpricht). 

3. By the action of concentrated bydrobromic acid on the diaao-compound of 
metabromorthamidobenzenesulphonie acid, C*.SO*H.NH*.H.H.Br.H (Thomas a. Bahl- 
mann), or of orthobromometamidobenzenesniphonic acid, C*J90*A.Br.B*H.NH’JtI 
(Bahlmann). 

Faradibromobensenesulphonic acid cryrtallises from its aqueous solution by 
evaporation over arnlphnric acid. In fine, lim^d, non-elfloreseent prisms eontaining 
3 mole, of ciyst^isstion-water, easily solnbla lo water, less soluble In alcohol, nearlpr 
insoluble in ether. The crystals melt at about 98°, but the exact melting point is 
dlfEienlt to determine, since at this temperature water is given off, and then the 
melting point irises. On prolonged heating to 98°, or a few degrees above, the acid 
solidifies to*a light brown shining crystalline mass, wlucb, in contact vdth moist «ir, 
takes np water again, and then melts at 98°. Of the 8 mols. ciys^llisation-waier, 
two are given at 100°, the remiunder at 130°. Tha anhyd rous acid melts at 128°. 

The following salts ate deecribed Iff Boms: C*H*Bi^.SO*(KII^, anhydrous. 
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PlniDOSe fipcoups of delicate needles very soluble in wat^r and in alcohol. On heating 
the salt vith alcoholic ammonia to 200^-210'^ for sweral hours, a small quantity of 
bromine is given oif. 

0*H*Bp*.S 0*K + H*0. Separates by slow crystallisation in long flat prisms ; 
otherwise in slender needles. Dissolves eMily in water ; efiloresces slowly in the air, 
and crumbles to powder when dried at a higher temperature* 

0*H*Br*.80*Na + 1 *611*0, Slender needles having a satiny lustre. 

0*H*Br*.S0*Ag+ 1*6H*0. White prisms, or from dilute solutions, long pointed 
needles, not alter^ in the diy state by exposure to the ain. Dissolves in alraut 60 
parts of water at 0**. 

(0*H*Br*.80*)*Ba + «H*0. This salt crystallises under different circumstances 
with various proportions of water, from 1 to 7 mols. ; but by repeated crrstallisation 
these different hydrates are for the most part converted into the monohydrate, which 
crystallises in nacreous, non>efflor^ent, rhombic laminse, and gives off the whole of 
its water at 140^. Limpricht obtained from very dilute solutions needles cou&iniDg 
from stronger solutions laxninee with 1H*0. Concentrically grouped needles 
with 2H*0 have been obtained by Hiibner a. Williams (2nd Supph 154), I^Bahlmanii 
and by Borns. Crystals containing 3 mols. water were observed by Bahlmatin, and 
Thomas obtained crystals containing to 6 mols. water. The barium salt whi^di 
Borns obtained from the dibromobenzenesulphonic acid prepared from the diazo> 
compound of amidobromobenzenesulphonic acid, contained 6 mols. water : they were 
light brown prisma and hemispherical groups of long white efflorescent needles, which 
crumbled to a white powder when dried. Finally, Limpricht found 7H*0 in a salt 
which separated from a dilute solution after long standing. This hydrate formed 
large transparent rhombic prisms, apparently made up of flat laminte ; they 
were very brittle, easily breaking at right angles to their axis when touched. 

(C*H*Br*SO*)*Ca+ 10H*O. Separates from concentrated solutions in very long 
pointed needles ; from more dilute solutions in laminse, easily soluble in water and 
alcohol. The crystals effloresce very quickly, crumbling completely to powder after a 
few days exposure to the air., Wolz found 9H*0 in this salt. Hiibner a. Williams 
found 4H*0. 

(C*H*Br*S0*)*Pb + 3U*0. Groups of faintly yellowish lamiiisD, which effloresce 
slightly on long exposure to the air. It is somewhat spariugly soluble in water, 
but very slow in separating from the solution. Boms blso obtained a load salt with 
4H*0, which crystallised in flat, limpid, efflorescent needles. 

The chloride, C*H*Br*.SO*CI, ciystallises from ether in well-deflned monooliuic 
(?) tables or in nacreous laminse. Melts at 71^-72^. 

The amide, C*H*Br*.SO*HH*, crystallises in long slender needles which dissolve 
very sparingly in cold water and melt at 193°. 

(2.) Meiadibromobenjsenesulphonic acid (I ; 3 : 5) is prepared from dibro- 
moparamidobenzenesulphonic (dibromosulphanilic) acid, C*.s6*H.U.Br,NH*.Br.H, an<l 
from dibromorthamidobenzonesulphonic^acid, 0*.S0*H.NH*.Br.H.Br.H. (pp. 231, 232), 
by substitution of H for NH* (action of^nitrous ether). It forms a crystalline, easily 
soluble mass. Its salts crystallise well, and are for the most part sparingly soluble in 
water. The following liave been exalUinod. 

C®H*Bi?®.SO*(NH^y Anhydrous glisten\pg colourless crystals. 

C*H*Br*.SO*K. Large brownish, anhydrous crystals, 

(0*H»Br*SO*)*Ba + 3 JH*0. Long yellow needles. 

( 0*H*Bi*SO*yOa + 3 JH*0. Small hexagonal plates. 

(^H*Br*SO*)fPb+ 1^11*0, White scales composefl^f microscopic needles. 

The chloride, C«H*Br®.SO*Cl, forms large w^U-defined crystals melting at 67*5°. 

The amide, C“H*Br*,SO*NH*, forms dazzling white scales, melting at 203° 
^impricht, Chem. Gcs. Her. viii. 1066; Lenz, lAehig'e AnnaUn, clxxxi. 23; 

Bern^en a. Limpricht, i6id. 193). * 

Orihodibromohenzenesulphanio acids. (3.) The modification, 
0*.S0*H,H.Br.Br.H*, is obtained as above, together with the para-acid, by the action 
of bromine on the silver salt of ms^ubromobenzenesulphonic acid, and more abundantly, 
without the formation of any othw m^fication, by the action of bromine on the silver 
salt of jMrabromohouzenesulphonic acid. Its formation from these two modifl (Nations 
of monobvomobenzenesulphonic acid establishes its constitution (limpricht, Liebig*s 
AnnaUls, dxxxvi. 146 ; Qoslich, ibid, 148). 

By oonvorting the silver sidt into a barium salt, decomposing the latter with 
sulphuric acid) and leaving the filtrate to evaporate over sulphuric acid, the free acid 
is Stained in felted groups of white slider needles, containing G^B*Br*BO*H 3B*0, 
and melting at 67^-A8°. The dehydrated acid obtained by beating these crystals to 
120° is so hygroscopic that its melting point cannot be determined. 
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The Ibllowiog salto have heen prepared : — 

C*H"Br*.SO*£. ^^ite indHrimet crystele, eztremdy aoLuble In irater, lees eoluhle 
a alcohol, and eeparating therefrom without water of orjetaUisatioa. 

O^B[*Br*.SO*(NH*). White felted, anhydrous, very soluble needles* 

(0*fi*Br*.S0*)*Ba. Crystallises mostly in thin flat tablets containing 2dl*0, 
lometimes in long shining needles with 3H*0. The salt (reckoned as anhydrous) 
iissolres in about 25 pts. of water at 16^. 

(G*H*Br*SO*)K3a (anhydrous). Thick shining lamina, much more soluble than 
the barium or lead salt. 

(C*H*Br*SO*)*Pb + 2H*0. Thin white Ismioss resembling those of the barium 
salt ; soluble in S7 parts of water at 8^ (reckoned as anhydrous). 

C*H*Br^SO*Ag. Long, narrow, lanceolate, acuminated, nacreous needles, sparingly 
soluble in water. 

The chloride, O^H^Br^.SO^U is obtained by heating the potassium salt to 
120^>I30^ in a sealed tube with 1 ntol. PCI* and a small quantity of POCl*, and 
separates from ether as an oil which remains fluid for a long time, but solidifies in a 
freeing mixture, forming tufts of white needles which melt at 31^. 

The amide, C*H*Br*.SO*NH*, forms white felted needles, very slightly soluble in 
cold water, more fireely in dilute alcohol, melting at 2 70** (Goslich). 

(4.) The consectitirc modification, 0*.S0*H.Br.Br.H*, is formed by passing nitrous 
acid va^ur through concentrated hydrobromie acid containing in suspension the 
corresponding diamidohenzenesulphonic acid (p. 229) ; heating the liquid after awhile 
to the boiling point, again passing nitrous acid through it, again heating, and so on, 
as long as nitrogen continues to escape on heating. The liquid is then evaporated 
over the water^bath to expel the excess of hydrobromie acid, and the residue is dis- 
solved in water and neutralised with barium carbonate. A dark-brown barium salt is 
thereby obtained, which may be decolorised by alternately palpitating the barium 
with sulphuric acid, and neutralising with barium carbonate, till the salt retains only 
a faint i^dish tint, and removing this by four hours* boiling with anima) charcoal. 

The free acid separated from tliis salt by sulphuric acid remains, on evaporating 
. its solution, in rather large, Imuspareqt, colourless prisms, which ddiquesce very 
quickly on exposure to the a?v. Its ralts are, for the most part, sparingly soluble* 

0*H*Br*,SO*K crystulliscj jn trahsporent, colourless, anhydrous laminin having a 
mother of pearl lustre, and slightly soluble in water. 

(C*H*Br’SO*)*Ba + 3il®0 ciystalliscs from teiy dilute solutions in lufts of white 
curved needles ; hot concentrated solutions soliaify on cooling from separation of 
slender needles ; sonietimos also the salt soparatos in small white nodules. It is very 
slightly soluble in water. 

(C*H*Br^O*)*Ca + 2H*0 separates on cooling from a hot concentrated solution in 
white granulo-crystallino forms, moderately soluble in water. 

(C*H*Br*SO*)*Pb + 3H*0. SUfilate groups of white needles, crumbling to scales 
in contact with the air; rather sparingly soluble in water. 

The chloride, C^*Br*.SO*Cl, after rofieated crystallisation from ether, forms 
white prismatic crystals melting at 127®. The amide, C*U*Br*,80*NH*, crystallises 
from alcohol in small white ne^eC, slightly sokible in water, easily in alcohol, melt- 
ing and turning brown at 216®. ^ 

The constitution of this dibromobencfibcsulphonic acid (and of the diamido- and 
dinitro-aoids from which it is derived) is determined by the following consideration s. 
The dinitro-scid (p. 226), being formed by further nitration of metanitrobenzenesul- 
pbonie acid, has one of its KC«’ groups in the meta-position with to the 80*H : 

consequently the dibromo-acid formed frofii it by exchange of the group NO* for NH*, 
and of this for Br, must have one of its bromine-atoms in the msfa-position with 
regard to the SO*H. Now the only dibromobenzenesulphouic acids which have one of 
their Br-atoms thus situated are 1:3:6, 1:3:6, 1:3:4, and 1:2:3 (see dia- 
grams, p. 237). But the first three of these are known, and differ decidedly in their 
properties from that last described ; the latter must therefore be represented by the 
consecutive formula 1:2:3, aud the corresponding dinitro- and diamido-aeidi by 
similar formulm. 

The following table exhibits a comparative view of the melting points of ths 
chlorides and amides derived from these four dibromobenxenesulphonic acids ; — 

eov Br Br CUsHd., Amid. 

13 6 71® 1»3® 

1 *8 6 67 '«® 203 ® 

1 3 4 84 ® 17 «« 

1 3 3 127 * ‘ 214 ® 

(S.) A'iliUi ino>lii)C.tioii, in whicJi the pocitione of Ui. troiniiie.iitoiiui hare not 
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been determined, ie obtained bj treatingdibromometamidsbenaeneaiil^onica^ to* 232) 
with nitrous acid, and beating the resulting diazo-eoiftponnd with alcohol. The, acid 
iteelf is sjmpj. Its barium salt ciystallises with 2 and 2^ mols. H*0 ; the calcium 
salt with the same amounts of water. The chloride, C*H*Br^.SO^, forms iarg^ 
transparent prisms, melting at 84^; the amide, 0*H*Br^.S0^NH^ crystallises in 
white slender nee^es melting at 188^--189*^ (Limpricht, DetU* Chem. G€8. Ber. 
Till. 1070). 

alpboiiio A.ctaaf 0*K*Be*.S 0*K. Of the six possible 
modidcations of these acids five have been obtained, and the structure of four of these 
has been determined, three being unsymmetrical and one consecutive. 


BO*H fiO*H 80*H SCHH 



(1.) The modification 1 : 3 : 4 : 6 is obtained by substitution of Br for KH* in 
dibromoparamidobonzenesulphomc acid, 0*.SO*H.H.Br.NH*.Br.H (p. 232), which is 
eifectod by the action of hydrobromic add on the corresponding di^o-compowsd. It 
is an easily soluble crystalline mass, forming for the most part sparingly soluble salts. 
The following have been examined : — 

C*H*Br*.80*(NH*). Glistening microscopic plates. 

C“H*Br*.SO*K. Shining colourless plates. 

(C*H*Br*.SO*)^a + 3H*0. White precipitate, crystallising from hot water in thin 
red needles. 

(0*H*Bp*.S0*)*Ca + 2 JH*0. Slightly soluble, crystallises from hot water in six- 
sided microscopic needles or in long needles. 

(0®H*Bp®.S0*)*Pb + Precipitate, crystallising from hot water in prisms. 

The chloride, C*H.“Bp®.SO*Cl, crystallises in four-sided prisms, begins to soften 
. at 123®, and liquefies at 127®. 

The amide, C*H.*Br*.SO*NH*, separates froui hot water as a white ciystalline 
powder, melting at 210® (Lenz, JDeut, Chem, Gea. Ber^yiiu 1067 ; Luhig'a Annalm, 
clxxxi. 29). ' 

(2.) The modification 1 : 2 : 3 : 5 is produced by treating symmetrical dibromo- 
benzonesulphonic acid with nitric acid, replacing the NO^-group thus introduced by 
NH*, and then the latter by Br through the diazo-reaction. Now the nitration of 
symmetrical dibromobenzenesulphonic acid might give rise to eitlier of the two nitro- 
acids : 

80*H . SO*H 



NO* 


The first, however, treated in the manner just described, would yield the 
1 : 3 : 4 : 5 modification of tribromobenzenesulphonic acid just described; but the 
tribrominated acid actually obtained is different from this, and yields a chloride 
molting at 86®, and an amide which decomposes, witlf blackening, when heated above 
225®. The nitrodibrominated acid in question must therefore have the constitution 
C*.SO*.HNO*.BrH.Br.H, and the tribroroobenzeneaul^onic acid formed from it must 
be represented by the formula, C*.SO*H.Br.Br.H Br.H (Lenz, Liebig^a Annalen, 
olxxxi. 39). 

The same modification appears to be formed by passing nitrous acid vapour into 
concentrated hydrobromic acid holding in suspension the omidodibromobenzenesul- 
phonic acid, 

SO*H ^ BO-H 



produced by the action of tin and hydrochloric acid, with aid of heat, on nitrotribro- 
mobenzonesulphonic acid (p. 247), the exchange of NH* for Br in either of these 
dibrominated acids evidently yielding the same tribrominated acid. * 
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txibnMBobanaeiieBiilpkoiiio thus prodooed oiTttalUaes in ooQoontri« 
ffronjpn of loi^ naedlM easiljkblnblo in water. Ita/wtoutwn saUt 0*H%*.S0‘K t- 2H*0, 
JoaMM dassling wkite concentrically grouped nee^ea, easily soluble in water. The 
aalt, (OTi*Br»SO«)*Ba + 6H*0. p recipitated from the solution of the acid by 
barium chlonde, and purified by crystallisatioD, forms stellate groups of white needles. 
The ocUdum taii, (C*H*Br*BO*)*Ca > dH*0, forms tufts of shining needles, easily 
soluble in water. The Uad sali, (C*H’Br*SO*yPb + 4H*0, forms white silky needles, 
sasi ly soluble in water. 

Ihe chloride, 0*IPSr*.3OK^], forma thick rhombic plates, melting at 55*5^. The 
amide, C*H*Br*.SO^NH*, is a crystalline powder, which blackens at 220*^-280^, and 
decomposes at a higher temperature (Knutn, LMiff's AnnaUn, clxxxvi. 303). 

(3). The modification 1 : 2 : 4 : 6 is prepared by boating symmetrical tribromo* 
bensene with fuming salphnrio acid in s^^ tubes laid upon a steam-bath. If a 
high^ temperature is applied, large quantities of sulphurous acid are erolred ; and 
STen at the beat of the steam>bath the formation of that compound cannot bo quite 

S revented, so that the tubes must be Weil cooled before Uiey are opened. The pro- 
uct, a thick black mass, is poured into water ; the solution filtered from unaltered 
tribromobenzene and insoluble products of the reaction ; tlio filtrate neutralised with 
lime ; and the resulting udcium salt converted into the barium salt, from which the 
free acid may be prepared. 

The &ee acid crystallises in slender, easily soluble needles. 

The following salts have been examined : — 

0*n*Br*.S0>K + H*0. White, silveiy, microscopic, rhombic tablets, moderately r 
soluble in hot water. 

C*il^Br*.SO*(NH^) + HK>. White rhombic tablets, easily soluble in cold, still 
more easily in hot water. 

C*H*Br*.SO*Ag + H*0. Concentric groups of needles, having a faint yellowish 
colour. 

(OII^r*SO*)*Ba + OH’O, Colourless or faintly reddish shining laminie, appearing 
under the microscope as a conglomerate of nearly square, sharply defined tablets. 
Slightly soluble in cold, much more freely in hot water, 

(C*JEI*Br*SO*)®Ca + 7H*0. Wliite silky laminae, in wkich, under the microscope, 
rhombic scales may be recognised ; moderately soluble in water. 

(C*HTBr*SC)*)*Pb 4* 9H®0. White microscopic rhombic laminae having a satiny 
lustre ; slightly soluble in cold, more cosily in hot water. 

The chloride, C®II*Br*.SO*Cl, forms colourless, transparent, thick rhombic 
tablets, very easily soluble in ether, melting at 63^. 

The amide, C*H*Br*,SO^NH^ separates from aoueous solution as a yellowish-red 
powder, in which under the microscope slender needles may bo recognised. It is very 
slightly soluble in hot water, blackens without melting at 210'’-220‘’, and carbonises 
at a higher temperature, giving off a white sublimate (Reinke, Li^br^a AntiaUn, 
clxxxvi. 271). 


(4). The consecutive modification. I : 2 ; 6 : 6 (SO*H in 1), or 1 : 2 : 3 : 4 (Br in 
1). is formed by exchange of NH* for H in clie tribroniomet«midot)enseii3BuIphonio 
acid, C*.SO*H.Br.NH*.H.Br.Br, described by Bemdsen and Beckurts (p. 284). To 
effect the transformation, the tribromamido-acid is first converted into the corre- 
sponding diazo-compound by the action of nitrous acid on its alcoholic solution, 
and this compound, boilod for several hours with absolute alcohol under a pressure of 
400 mm. of mercury, yields tlie tribromob rnsenesulphonic acid, which may be obtained 
in the free state by evaporating the clear solution on the water-bath, difumlving the 
residue in water, precipitating the filtrate with barium chloride, purii^ing this salt by 
repeated crystallisation from hot water, with addition of animal charcoal, and decom- 
posing the barium salt with dilute sulphuric acid. 

The tribromobencenesulphonic acid thus prepared crystallises from a considerable 
quantity of a concentrated solution, alter long standing, in long transparent and colour^ 
less ne^es, C*H^r*BO*H HK), which deliquesce quickly on exposure to the air, 
and d issolve re^ily in alcohol. By decomposing the Gorresponding chloride, 
0*Jbl* i5r*30KJl, with water at 120^-140^, an acid is obtained, ci^stallising in step-Uka 
groups of limpid rhombic tablets, and yielding a barium salt, Offering in its quantity 
of crystallisation-water from that of the original acid. The acid last-mentioned 
softens below 100°, melts completriy at that temperature, and when more strongly 
heated yidde & sublimate of symmetric tribromobensene (m. p. 118*5°), leaving a 
black tarry roridud. whence it might appear to be identical with that described by 
Beinke, viz. 1:8:5, SO*H (saprs), but the salts and other derivatives of the two 
adds differ considerably from cme another, and moreover a snlphonie acid with its 
* SrdSup, B 
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C 

three bronune'atomB in the relative poeitions 1, 3, 6* could not very eaeilj be fomed 
fiponi the tribroniometamidobenzenesulphonio^acid abov€L Aentioned : hence it is more 
probable that the formation of the eymmetrio ^biomoMnzene by the decompomtiOQ 
of the tribromobenzenesulphonic a^d under consideration is due to atonuc transposition. 

The following salts of this acid have been investigated : — 

C*H*Br*.S0*K+8H®0. Shining yellow femdike groups of laminse, crumbling 
into rhombic tablets when pressed. 

, C*roBr*.SO*( NH*) + H®0. Easily soluble white rhombic tablets having a silky lustre. 

(0*H*Br*S0*)*Ba + 8H*0. ^ This salt^ obtained in the original preparation of the 
acid, cxystallises in la^e shining laminse, perfectly white after treatment with animal 
charcoal, and soluble in about 200 parts of water at 24*^. The tabular acid obtained 
by decomposition of the chloride with hot water, yields a barium salt which ciystal- 
lises in white rhombic tablets containing (C*H®Br*SO*)^a + 2H®0. 

(C^H’Br’SO^l^Ca + 8H^O forms light yellow needles having a silky lustre, soluble 
iu about 45 parts of water at 28^. * ' 

(C*H^r*SO*)*Pb + 6H’'0. Shining yeUowish-white rhombic laminae, soluble in 
about 67 parts of water at 22'5®. 

C*H^r*SO*Ag + H®0. Tufts of long white needles, easily soluble and quickly 
blackening when exposed to light. 

The chloride, CH^Br^.SO^Cl, easily prepared by the action of PGP on the potas- 
sium salt, c^stallisea from ether in colourless rhombic prisms melting at 64*5^. 

The amide, C*H*Br*.SO*NH*, crystallises from alcohol in white needles having a 
laint tfilky lustre, sparingly soluble in hot water, freely in alcohol. It turns brown 
and volatilises with decomposition at 228^. 

^ The tribromobenzenesulphonic acid just described yields, when boiled with strong 
nitric acid, a nitrotribromobenzenesulphonic acid, G*HBr”(NO^)SO*H, which, when 
treated with tin and hydrocliloric acid, aided by continued heating, is converted into 
the corresponding amidotribromobenzenesulphonic acid, C*HBr*{NH*)(SO*H), but 
when acted upon by the same reducing agent at ordinary temperatures, yields an 
amidodibromobenzenesulphonic acid, C*H*Br*(NH*)(SO*H). 

Purther, by converting the*tribromamido-acid into a diazo-compouud, and treating 
the latter with strong hydrobromic acid* a tetrabromobenzenesulphonic aciC 
C^HBr^.SO'H, is obtained, which crystallises fronif water in stellate groups of needles 
veiy soluble in water ; and the dibromamido-acid, treated in like manner, yields a tri- 
bromobenzenesulphonic acid different from that just described. 

The tetrabrominated acid is identical with that described by Beckurts (p, 244), 
which, as shown by that chemist, has most probably the structure : — 




Br's 


Br 


'Br 


nX 

Consequently the tribromiiiated acids above described, which are derivatives of 77»-amido- 
benzenesulphonic acid (p. 284), must he constituted as follows: — 


ao«H 

so*.h; 

SO*H 

Br/\Br 

Br|/\Br 

B:/\|Br 



BrL 

Tribromobensene- 

Nitrotribrotno- 

Amidotribrome- 

Bulptionic acid. 

bonzenepulphonlo 

acid. 

benaenesnlpbouic 

add. 


lastly, the amidodibrominated acid derived from the nitrotribrominated acid, by 
substitution of H for 1 ac. Br and exchange of NO* for KH*, might have either of the 
following formuln : 

so*H sera 



accordingly as one or other of the bromine-atoms in the tribromiuated acid is replaced 
by a. 
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Of I.'wolild jieldthe tribro]nob«um6«olphoiuoacid» O^SO*ILBr.H.BUBrJlr» 
identioal with the one deecribed; whUa 11. and III. ahonld viald tha 
Beid{l : 2 : 8 : 6) or C*J30*H3r.Br.H.Br.H, identical with that deeeribad by Lana 
(p. 240). The tribrominatad acid thus obtained doee^ in agree with Lena*# acid 
in the character of ito chloride and amide, but difflvrs from it in the amount of cryatal- 
liBation>water contained in ita potassiani and barium salts. For this reason, the 
structural formula (1 : 2:3:6) assigned to this acid must at present be reg^^rded as 
not completely established (Knuth, AnnaUn^ clxxxvi. 290). 

(5). A tribromobenzenesulphonic acid, of unknown .structure, is formed bv 
heating the diazo-com^nnd of amidoparadibromobenzenesuLphonio acid (p. 233) with 
stronghydxobromie acid. The resulting liquid, evaporated down and neutralised idth 
barium carbonate, yields a 6art«msa^ 'v^ich, when purified by repeated crystallisation, 
crystallises in yellow prisma, (C*H*Br»SO*)*Ba + 2H*0. It dissolves ve^ slowly in 
water, but does not czystalliso out again till tl:^ solution has been very highly con- 
centsated. potmium salt, C*H^r*.SO*K+ 1|H*0, forms yellow shining prisms, 
sparingly soluble in cold, easily in hot water. 

The nhloride, obtained by boating the potassium salt to 130** in 

a sealed tube with PCP and POOL*, remained in the solid form on washing the pro- 
duct with water, but separated from ether as an oil. 

The amide, C*H^Br”.SO*NH*, obtained by heating the chloride to 1 10** in a sealed 
tube concentrated ammonia, forms smsdl needles, which dissolve without much 
difficulty in alcohol, begin to turn brown at 200**, and melt, with rapid decomposition, 
when heated above 220** (Borns, Liebig*^ Annalen^ clxxxvi. 364). „ 

Vetr«bromobeasanaaiilplionio Acta, C*HBr*.SO*H. Of this acid there 
three modifications, one derived from each of the three tetrabromobenzeoes, viz. : — 


80 *n 

r.> 

SO*H 


Br 

Br 



(1) . The modification 1 ; 2 : 3 : 4 : 6 is formed from tribromobenzenesulphonic 
acid, C*.SO*H.H.Br.Br.Br.H, by converting this acid into the nitrobrominatod acid, 
C*.SO*H.NO*.Br.Br.Br.H, this latter into the corresponding amido-acid, and replacing 
the NH^-group therein by Br through the medium of the diazo^compound. 

This totrabrominated acid is a crystalline precipitate which separates from hot 
water in microscopic plates. The barium so/r, (C*UBriSO*)*Ba + H*0, is sparingly 
soluble in cold water and ciystallises from a hot solution in transparent rhombic needles. 
The chloride, C*HBr^SO^Cl, crystallises in small rhombic needles melting at 120°. 
The amide is a crystalline powder molting at 18]*' (Lonz, Liebigs Annalen,clx%xi. 23). 

(2) . The modification 1 : 2 : 3 : 4 : 6, in vf*hich the four bromine-atoms are arranged 
unsymmotrically, is formed from (1 ; 2 ; 4 : &) tribromobenzenesulphonic acid (p. 241) 
by a series of processes exactly similar to those by which the preceding modification 
is obtained from the tribrominatod acid (I : 3^ 4 : 6). It is very solubleain water, 
less soluble in alcohol, and crystallises from aqueous solution in needles and six-sided 
plates, which melt when heated on platinum foil. The following salts have been 
prepared : — 

C*HBr*.SO*K (anhydrous). Silky microscopic neerlles or prisms easily soluble in 
water. • ,3 ^ 

0*HBr*BO*(NH^) (anhydrous). Prepared from the calcium salt the action of 
ammonium carbcmalo. Faintly reddish shining rhombic plates, easily soluble in 
water. 

(C*HBr^O*)*Ba*f Iklicrosoopic rhombic prisms, slightly soluble in cold 

and hot water. 

(C*HBr*60*)H!3a4-8HK>. Delicate fointly reddish needles, appearing under the 
microBOope as rnombic prisms ; very soluble in water. 

(C*H«Br*SO*)*Pb+ 1| and 2HX). Obtained by saturating the acid with lead 
carbonate; sepmtes from a hot saturated solution as a brownish crystalline powder 
made up of microscopic six-sided prisms containing 2HH). By slow evaporation, 
somewhat larger xhombinprisms are formed oontmning 

The chloride, C*HBriB0*01, crystallises in stellate groups of colourless or 
frintly biow^mh laminie, easily soluble in ether, caking logger at 86°, and melting 
completely & 91° 

llie amides C*HBr.80^H*, separates from water ae a white powder, and from 
alcohol in tufts of microscopic needles, slightly soluble in water, easily in aleohol^ . 

B 2 
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blackens at 260° ‘without previous fusion, but melts on platinum foil and bums awaj, 
with previoiu emission of white fumes (J^inke, JAebi^s clxxxvi. 282). 

<8). The modification 1 : 2 : 3 : 6 : 6, with symmetrically disposed hromine-atoms, 
is obtained from (1:2:5: 6) tribromobenzenesulphomc acid, in the same manner as 
the two preceding modifications from the corresponding tribrominated acids. It is 
easily soluble in water and in alcohol, and crystallises in stellate groups of needles 
whiw carbonise without melting when heated. 

The potassium salt, OH£r^SO*K (anhydrous), forms small white needles easily 
soluble m water. The ammonium salt, C*HBr*.SO*(NH^), forms reddish laminm. 
The barium salt, (C*HBr*SO*)*Ba + lkH®0. forms delicate white laminse (gcckurts). 
According to Knuth, the solution of the acid gives with chldkji^e sgni^pitate 

which dissolves in hot water, and separates from the splut^n in 
needles. The calcium salt, (C«HBr<SO*)*Ca + 8H*0, crystallises in t^jj^i^^hka 
needles ; the lead salt, (C^HBr^SOf )^Pb ^ 4H^O, in small prisms 
C*HBr^SO*Ag+ 1^11*0 (?) in small hexagonal prisms. These salts 
soluble in cold water (Beckurts). " >> 

The chloride, C^HBr^.SO^Gl, crystallises in reddish rhombic plates oaHUiyi^l^d 
in ether, melting at 91*6° (Beckurts), at 93° (Knuth). ^ 

The amide, C®HBr*.SO^NH*, crystallises from alcohol in white microscopic 
needles, slightly soluble in hot water, easily in alcohol, becoming discoloured at 300° 
and melting at a higher temperature (Beckurts, JMn^s Annalen, clxxxi. 217 ; J^uth, 
ibid, clxxxvi. 282). 

Acid, C*Br^.SO*H, formed by the action of 
m>t Iwdrobromic acid on the diazo-compound of amidotetrabromobenzenesulphonic 
acid, 0®Br\NH*).S0*H (either modification), crystallises in slender laminse and needles, 
which dissolve very sparingly in water. When heated to 180°~200° it evolves sulphur 
dioxide, and yields a sublimate of white needles (probably pentabromobenzene), leaving 
charcoal. It is not affected by boiling with the strougest nitric acid or potash. 

The amTnanium salt, C*Br*SO*N^^ crystellises from hot water in white laminse. 
The ^potassium salt, C*Br*S0*lfH*0, forms microscopic quadratic prisms. The barium 
salt, (0*Br*S0*)Ba. 1 iH'-K), form s del icate lamiivn. The calcium salt, ( C®Br*S0*)*Ca.4H*0, 
forms white prisms. The silver salt, C®Br*S0*Ag.l^H*0, is a white crystalline powder. 
All the salts dissolve sparingly in cold water. ' , 

The chloride, C*Br*SO®Cl, crystallises in needles which melt at 00°. The 
amide, C*Br*SO*NH*, is deposited from hot water as a crystalline powder, soluble in 
alcohol. It blackens without melting at 250°. 

M'ltroliromo'beiisenesiilpt&oiilo Aotds* C*H”Br^O^.SO*H (Goslich, Liebig^ s 
Annalen, clxxx. 93 ; Limpricht, Deut. Chem, Ges. Ber, viii. 466). Para- and meta- 
bromobenzenesulphonic acid are converted into tho corresponding mononitro-acids by 
treating their barium salts with tho strongest nitrio acid, decanting the liquid from 
the barium nitrate which separates out, and expelling the excess of nitric acid by 
evaporation over the water-bath, Thecq^sidue may then be converted into barium 
salt, and the other salts prepared therefrom. 

The following table exhibits a con^parative view of the salts of these two acids : — 

Para, Meta, 

C*H*Br(NO*),SO‘NH* Yellow laminse, decompos- Long yellow prisms 

ing at 180° 

C*H*Br(NO»).SO»K Sparingly soluble yeUcrV 

laminse 

[0*H*Br(KO®)SO»]*Ba + liH*0, Sparingly sol- + 3H*0. Small yellow 

uble yellow laminse . prisms 

tO*EPBr(NO*)80*]‘Ca +2iH>0. Nearly white 

slender needles 

[C«H*Bp(NO»)SO*]*Pb +2H*0. Kodular groups +8fl*0. Ydlow nodulw 

of yellow needles 

j6/S^r0|Kin wbei mlphochloride, C*H*Br(NO^.SO*Cl, crystallises from a 
mixttira of other and benxolin in yellow prisms melting at 56°-57°. The correspond- 
ing amidSf C*H*Br(NO*).SO*NH^ ciystallisos in light yellow micaceous laminse;, molt- 
ing at 177° (Gorii.ch). 

• Ammonium nitrometahromobonzenesulphouato, heated to 180° wtjth aleoholio 
ammonia, is converted into the corresponding niiromstoiMobenzenesu^konats, and by 
treatment with ammonium sulphiae into the asmdometabfomobmsfenes^honats 
(lAmpricht)k 
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ThB pontioufl of tlift nitzo-gzoup in the two eoide juat deaeribed heve not been 
determine BimbzomobeAr^naanlphomo aeid can give riao to two, and metabeomo- 
beoMiflanlpboDie acid to four mononitio-demativea. 


Nitro^ortAobromobeuM^nesnlpkonie aeids , — ^Two of theaeaoida art formed 
by direct nitration of orthobromobenaeneanlphonio acid. The dry bromo*aoid ia 
heated in a porcelain basin with the strongest nitric acid, and as soon as the Tiolent 
reaction if OTer, the liquid is eTaporated to dryness on the water-bath. There then 
remaintfa yellow crystalUne residue consisting of two nitrobrominated acids, which 


may be aej 
ing tho; 
peniw 



by neutralising the mixture with barium carbonate, and recrystallis- 
Mrinm salts several times ; at first yellow needles separate out, 
to soliWy if the solution is somewhat concentrated ; and afterwards 
groups, consisting of a mixture of the two isomeric acida^ which may 
uated by evaporating the entire mother-liquor to dr^mess, drenching 
^ tesidue with warm water at and filtering quickly. The nn- 

[nm salt, recrystallised with addition of animal charcoal, separates in 
»U8 laminae. 

acid whose barinm salt crystallises in needles is formed in much larger 

SO*H 


quantity than the other, and has the structure 1 ; 2 : 6, or j The yellow 

NO.\^ 

needles of its barium salt, which separate in the first instance, may be rendered {MOr 
fectly white by reciystallisatiou with the aid of animal charcoal. The fkoe acid, 
obtained by decomposing this salt with dilute sulphuric acid, and evaporating the 
filtrate, crystallises in largo, flat, slightly yellowish prisms containing 2 mols.^»0, 
very easily soluble in water and alcohol. The ciy stale heated to 1 10® give off their 
water very slowly without fusion, but at 130®-136®, they melt and give it off very 
quickly. 

The following salts of this acid have been examinea : — 

C*H*Br(NO*).SO^NH^ Slender white anhydrous needles, easily soluble in Water. 

The potassium and sodi..m salts are likewise anhydrous, and resemble the ammon- 
ium salt in form and solubility. « 

C*H»Br(NO*).SO*Ag. Yellow needles, somewhat sparingly soluble in water, and 
becoming darker in colour on exposure to light. 

[G*H*Br(N0*;^0*]*Ba + 6H*0. Long, ramified, white, silky needles, easily soluble 
in hot, sparingly in cold water. « 

i C*Il'Br*(NO®)SO*]*Ca + 4H*0. White shining needles very soluble in water. 
C“H*Br(NO*)SO*]*Zn + 7H*0. Well-defined, thick, transparent, colourless prisms, 
y soluble in water. 

[C*H*Br(NO*)SC)*]*Pb-f- W'hite slender needles, easily soluble in water. 

The chloride. C*H*Br(NO*).SO*Cl, fomm large thich rhombic tablets melting at 
42**. The amide, C*H*Br(NO*).SO^NH*, '*lorm8 white shining needles, moderately 
soluble in hot, sparingly in cold water, melting at 206®. 

This nitrobromobenzenesulphonic acid, reduce<l writh tin and hydroc|)lorio acid, 
yields an amidobrominated acid, the diazo-oompound of which is converted by heati^ 
with hydrobromie acid into paradibroraobenzenesulphonic acid, C*.SO*H.Br.H.H.6r.iL 
The reaction shows that the NH* iu the amido-acid, and consequently the NO*-group 
in the nitro-acid, is in the para-position with respect to the Br : hence the formula 
above given. « _ ^ 

jritrodibronipbeaseiieavlplswalo ikotfia* 1. Nitroparadibromoben^ 
MBneaulphonio acid, C®H*Br^NO*).SO*H+ 1 JH*0 (Boms, Liebig*8 AnruUen, 
clxxxvii. 858).— This acid is obtained by boiling paradibromobemBenesulphonie acid 
in a retort with the strongest nitric acid for about an hour. If the heating be stopped 
after a shorter time, or if the operation be conducted in a porcelain dish, part ox the 
dibromo-acid remains unaltered and if the heating be longer continue^ dinitrodi- 
bromobenmnesulphonic acid is likewise produced. As soon as the heater part of the 
nitric acid has b^n distilled off, the remaininf^ liquid is evaporated in a basin on the 
water-bath, the yellow crystalline residue is dissolved in water, the solution neutml- 
ised with barium carbonate, and the resulting barium salt erystalb'aed. This pxoosis 
appears to yield onl^ one nitroparadibiomobensenesnlphonie acid, although thxas 
modifioations are possible. The position of the nitro-gronp id this acid is not yet 
determineds * 

The acid, separated by sulphuric acid from its barium salt, eiystaliises, on avapera- 
tiou over sulphuric acid, in small light yellow very bygroscopio ' — which diisr’— 
easily in alcohol and in ether, and blacken at 100® without molting. 
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The ammonium salt, 0®li“Bp®(NO-).£iO*NH*+ O’SH-C), forms small lamin» and 
noduLbSp 'which dissolve easily in water, alcohol, and etheiF, give off their water of ciya- 
tallisation at 18]*^, and decompose on prolonged heating to 150^. Heated with 
alcoholic ammonia it gives off part of its bromine. 

The 0*H*Br^(N0®).S0*K + H®0 (2lH®0), according to Hubner a. 

'Williams), cxystallises in groups of yellow needles easily soluble in water and in 
alcohol. 

The bcmitm salt, [C®H*Br^NO®)SO*]*Ba, like the corresponding paradibromo- 
bensenesulphonate, exhibits a marked tendency to unite with different quantities of 
water. With 1*6 mol. H*0, which is the most usual amount, it ci^stallises in yellow 
shining prisms, easily soluble in hot, sparingly in cold water. With 6H‘0 it forms 
shining yellow needles, like those of the jpotassium salt, or nodular groups of prisms ; 
with 9H^O, small yellow nodules. Williams obtained a barium salt with 2‘5H*0 ; 
Limpricht obtained one with 1 mol. «H^O. 

The calcium salt, j;C*H*Br®(NO®)SO*]*Ca + 3H®0, forms light yellow prisms dhsily 
soluble in water and m n,lcohol. 

The lead salt, [OH*Br*(NO*)SO*]®Pb + 3H*0, forms yellow nodules easily soluble 
in water and in alcohol. Hiibnor a. Williams obtained a lead salt -with 2H*0, which 
they described as sparingly soluble. 

The chloride, OH'fBr^CNO^l.SO’Cl, obtained by heating the potassium salt with 
PCI” and POCI” in a sealed tube to 120^, forms, after washing with water, white 
mass, easily soluble in alcohol and ether, sparingly in light petroleum, and separates 
from the ethereal solution as a thick oil containing a few crystals which, however, 
could not be separated from the oil sufficiently well to admit of a determination of 
the melting point. 

The amide, C”H^r®(NO*).SO^H=*,is also difficult to prepare, but is best obtained 
by heating the chloride with strong ammonia to 100^ in a sealed tube ; after repeated 
ciystalliaation from hot water and alcohol, it forms small greenish-yellow needles 
sparingly soluble in cold, easily in hot water and in alcohol, melting at 1 78®. 

2. Nitrometadibromob^nsenesulphonio acid . — The acid produced by 
nitration of symmetrical dibromobenzenesulphonic acid has, as alre^y observed 
(p. 2i0), the constitution C“.SO*H.NO®.Br.H[.Br.H. To prepare it, dried and 
pulverised barium dibromobenzenesulphonate is added tp nitric acid of sp. gr. 1*5 by 
small portions, so os not to produce perceptible rise of temperature ; the liqui^ after 
standing for twenty-four hours, is de'canted from the precipitated barium nitrate ; 
this precipitate is drained on an asbestos filter; and the iK^uid is evaporated on 
the water>bath till the excess of nitric acid is completely driven off. The syrupy 
residue left over sulphuric acid deposits a few crystals of the nitrodibrominated 
acid in the form of colourless elongated tablets, which however cannot be completely 
separated from the mother -liquor. They effloresce over sulphuric acid, and therefore 
contain -water of c^stallisation ; they are not hygrcftjcopic, but dissolve very easily in 
water, easily also in alcohol (of 95 p.c.), and in ether. The dilute solution gives 
a precipitate with lead acetate ; the moiV? concentrated solution with barium chloride 
and potassium carbonate. 

The following salts of this acid haue been examined : — 

0”H2A’(NO*),SO*(NH*) + H*0. Obtained by neutralisation. Forms small solid 
colourless crystals, easily soluble in water, sparingly in alcohol of 95 p.c. By heating 
the dried salt to 230® with alcoholic ammonia, it appears to be converted into the 
ammonium salt of bromonitramidobenccneaulphonic add, C*H*Br(NO*)(NH*).SO*B[. 

C”H*Br*(NO®J|SO*K + H*0, obtained by neutralisation, forms delicate, shining, 
colourless, brittle laminae, appearing under*the micro#6ope to consist of right-angled 
parallelograms ; moderately soluble in water. 

[C”H*Bp®(NO®)SO*]*Ba+ 1^ and 4H*0. When the concentrated solution of the 
acid is precipitated by barium chloride, and the precipitate dissolved in hot water, 
the solution on cooling first deposits yellowish obtuse rhombohedrons containing 
afterwards thin rhombic plates containing 4H*0 : the two forms are, however, 
so much intergrown that complete separation is impossible. Both are but sparingly 
soluble in water. 

[C”H®Br"(NO®)SO*]*Ca + 8H®0, obtained by neutralising the acid with chalk 
and leaving the concentrated solution to evaporate at ordinary temperatures, is a 
colourless powder, appearing under the microscope as a collection of souiU laminm 
often groTxpsA in geodes ; easily soluble in water. 

[C•Hfl§P^NO*)SO•]«Pb-^6H*0 is precipitated by lead acetate from the dilute 
solution of the acid, and separates from solution in hot water as a colouiless powder, 
appearing under the microscope to consist of geodes of ill-defined laminm ; sparingly 
s^ble in hot, veiy sparingly in cold water. 

The chloride. C*H^Br‘^KO^).SO”Cl, forms transparent colourless nearly rcct- 
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angular pUtea, rather ■parmrij aolable in ether, aoftening at 118^ and melting at 
121®. The anride, 0*H*Bi*(«0^S0*NH*, is formed, with violent reaction, by heati^ 
the chloride with strong ammonia, and separatee from hot water in geodes of indis- 
tinct microBoopic ciyst^s, slightly soluble in cold water, easily in hot water and in 
alcohol. 

By converting this nitrodibrominated acid into the corresponding amido-aoid, the 
latter into^ the diaso-eompound, and heating this last compound with concentrated 
hydrobromie acid, a tribromobensenesulphonic acid is obtained, having the nnsym- 
metric stmctuze 1 : 2 ; 8 ; 5, or SO*H.Br.Br.H.Br.H (Lens, LiaM's Anmalm, cm»i. 
33.80). 

3. jS'itro^orihodibromobanjeenesuiphonic ixcid is obtained by nitration of 
orthodibromobenzenesnlphonic acid, C*BO*]^H.Br.Br.H*. The latter is debjdrat^, 
first over the water-bath, afterwards over an open flame ; the crystalline cake which 
remmns is heated in a capacious retort with th<f strongest nitric acid till the esoess 
of nitric acid passes over colourless ; and the remaining nitric acid is expelled by 
evaporation in a basin. The highly concentrated solution solidifies to a yellow crys- 
talline mass, hygroscopic and extremely soluble in water. 

The following salts luivo been prepared: — 

C*H*Br®(NO)*.SO*NH* (anhydrous). Moderately solnble needles haring a deep 
yellow colour. 

. fC^H*Br®(NO*)SO*]*Ba + 3H*0. Faintly yellow needles grouped in small nodules ; 
easily soluble in hot, siiaringly in cold water. 

[C*H*Br*(N0*)S0*jCa + 4H*0 and 6HH>. Very much like the barium salt, but 
much more soluble in water. Crystallises for the most part in nodular groups of 
slender microscopic needles witli 4H*0 ; soroetimos also in stellate groups of long 
transparent needles containing 6H*0. 

rC«H»Br\NO»)SO*]»Pb + 3H*0. Slender needle-shaped Ijght yellow needles. 

The chloride, C*li*Br^NO*).SO*Cl, formed by heating the potassium salt with 
PCI* and POCl* to 140® in a sealed tul^, crystallises from other in small needles, 
melting at 98®-.99®. The amide, C*IPBr^NO*).SO*NH*, forms felted groups of white 
slender needles, very slightly soluble in cold water, easily in hot water and hot aTcohOl, 
melting at 210®.211®. 

mtrotritoromobesiseiieaiilpliiMiio Aoldo* C*HBr*(NO*).SO*II. Out of ton ^ 
possible modifications of these acids, the thro4 following are known : — 


80»H 



Br Br.t’ 


1. The first modification, produced by nitration of 1 : 3 : 4 ! 6 tribromobenssne- 
sulphonic acid, ciystallises from its concentratcxl syrupy solution in colourRiss laminw, 
very soluble in water, easily in alcohol and other ; strong hydrochloric acid precipi- 
tates it from the aqueous solution as a crystalline pulp. 

C*lI(NO*)Br*.SO\NH*)+ 11*0 cryataUisos in small, flat, daxsling white needles, 
easily soluble in water, less soluble in alcohdi. 

C*HBr\KO*).SO*K + H*6 > separatee almost completely on' neutralising the 
aqueous solution with potassium carbonate, and crystallises from a hot aqueous solu- 
tion on cooling, in san^ grains made up of microscopic laminie. 

[OHBr*(NO*)SO*]*Ba+ 4H*0 is obtained by precipitation, and crystallises 
from hot water in splendid colourless prisms having a silky lustre. 

[0*HB*\NO*)SO*]*Ca+3HK), obtained by neutralisation, forms colourless 
microscopic laroinw grouped in geodes. 

[0*HBr*(NO*)SO*]*pD + H*0, precipitated from a solution of the acid by lead 
acetote, and recxystalliBed, forms a white powder composed of groups of microscopio 

The Moride, C*HBi^NO*).SO*Cl, forms mieroseopie crystalline geodes melting at 
116®; the amide, G*HBr*(NO*).SO*NH*, is a czystalline powder, melting at 202®. 

This nitroiribrominat^ acid, treated with tin and hydrochloric acid, is conver^ 
into the carresponding amidotribrominated acid, which ciystallises in easily 
soluble slender needles, and, forms a precipitate with barium chloride. 

The corresponding diasb'^on^pound crystallises from alcohol in colourless needles 
and when decom p os e d by hydro^mic acid, yields tetrabtomobsnsenesulphonie acid 
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(• - , ■ 

C*30*H.Br.Br.Br.Br.H (p. 243), (Liniprieht a. Ifiwt, Detd. Cksm, Ges. Ber, Tui. 

1072, 14B2 ; Ijenz, Liebiff's Annalen, cluxui. 41)^ ^ ^ 

2, The second modification, 0*.SO*£[.Br.NO*.Br.H3r, is prepared by boiling 
(1 : 2 : 4 : 6) tribromobenzenesulpboDic acid (p^ 243) 'with the strongest nitric 
acid in a retort for an hour, eTaporating the solutipn to dryness over a water-bath, 
and drenching the residue with water. There then remains a yello'wish crystalline com- 
pound, probably O.NO^.Br.Br.Br.H^ (p. 180) | and the aqueous solution when evapo- 
rated yields the nitrotribromobenzenesulphonic acid in stellate groups of microscopic 
needles and square prisms, easily soluble in water, somewhat less soluble in alcohol, 
sparingly in ether. The crystals heated in a test-tube melt somewhat above 100^, 
and turn brown at 160** ; on platinum foil they burn away rapidly. The aqueous 
solution gives precipitates with barium chloride and lead acetate. 

C®HBr"(N 0®).S0*NH* crystallises in concentric groups of faintly yellowish anhy- 
drous needles, appearing under the microscope as nearly rectangular prisms. Easily 
soluble in water. ^ 

C*HBr*(NO®).SO*K. Stellate groups of easily soluble faintly yellowish needles. 

[C«HBr*(NO®)SO*]^a+ liH®0. Shining white crystalline powder, made up of 
microscopic rhombic tablets ; sparingly soluble in water, hot or cold. 

[OHBr*(NO®)SO*]*Ca + 2H*0. '^^ite nearly rectangular microscopic prisms, 
easily soluble in water. 

[0*HBr*(N0*)S0*JPb+ White shining crystalline powder, conristing 
of microscopic rhombic tablets, very soluble in water. 

The chloride, C®HBr*(NO®).SO*Cl, is difficult to prepare, and was only once 
obtained, by treating the crude product with light petroleum, as a solid body sparingly 
soluble in that liquid, and turning brown at 180** without melting. The amide is a 
faintly yellowish crystalline powder, which dissolves sparingly in water, easily in 
alcohol, and turns brown at 210° without previous fusion. 

This nitro-acid, treated with tin and hydrochloric acid, yields the corresponding 
amidotribromobenzenesulphonic acid, and the diozo-compound prepared therefrom 
is converted by hyurobromic acid into tetrabromobenzenesulphonic acid, 
0*.SO®H.Br.Br.Br,H.Br. (p. 243), (Reinke, Liebig's Annalen, clzxxvi. 278). 

3. The third modification, C*.SO*H.Br.NO*.H.]^r.Br, formed similarly to the pre- 
ceding, by nitration of (1:2:6.* 6) tribromobenzenev^ulphouic acid, remains, on 
evaporating its aqueous solution, in JteUato groups of yellowish-white microscopic 
prisma, which deliquesce on exposure to the air, dissolve ver^ easily in alcohol, less 
easily in ether. When heated in a glass tube, it yields a sublimate of symmetric tri- 
bromobenzeno (by atomic transposition). 

C*HBr®(NO’*).SO*K+ Radiate groups of white shining needles, easily 
soluble in hot, slightly in cold 'water. 

[C*HBr*(NO®)SO*]Ba+ Precipitate slightly soluble in hot water, and 
separating slowly therefrom in siAdllate groups of yellow needles, which may be de- 
colourised by treatment with animal charcoaL 

[C*HBr*(NO®)SO*]®Ca+ 3^11*0. Shining white microscopic laminse, easily 
soluble in water. ^ 

The ckduride forms flat rhombic plates with truncated angles, turning bro'wa at 
128°, and melting at 142**. The amide crystallises in microscopic yellow needles 
having a faint silky lustre ; dissolves easily in alcohol, sparingly in 'water ; turns 
brown at 169° and molts at 176**. 

The diazo-compound of the corresponding amidotribrominated acid is converted 
by concentrated hydrobromlc acid into ^1:2:3:51^) tetrabromobenzenesulphonic 
acid (p. 243). 

Sritrotetrabromobensanaaiilplioiilc JLotd, O.SO*H.Br.Br.NO*.Br.Br. This 
acid, formed by nitration of the tetrabromobenzotfesulphonic acid with iymme- 
trically situated bromine-atoms, is the^ only one of the three possible acids, 
G*Br*(NO)®.SO*H, at j^rosent known. It is prepared by boiling the tetrabrominated 
acid with strong nitric acid in a retort for a considerable time, and remmns, on 
evaporating the solution over a water-batb, as a yellowish-white crystalline residue. 
After reezystaUisatioD from hot water, it forms yellowish-white, shining, brittle 
needles containing 4B[®0, easily soluble in hot, less soluble in cold water, soluble also 
in alcohol. The follo-wing salts have been examined : — 

C*Br^NO*).SO*(NH^) + HK). Separates, on cooli^ from a hot solution, as a 
white powder made up of small plates; soluble in about 93 parts of -water 
at 11°. 

0*Br^NO®).SO*K^ liHK>. Obtained in like manner, in fine prisms having a 
satiny lustre, soluble in about 178 pts. of water at 10'6°« 
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rC*Br^O*)SO*]*.Ba + 9HK). Small, flat, yellowidi'Trlute, vary brittla prinoB, 
aoluole in about 275 pta wattf at 10*5^. 

[OBr^NO^O*]H7a + SKH>* C^talliaea on cooling in delicate white latnine, 
very slightLy soluble in water (1 pt. in about 637 pte. at 6^). 

[0*firXN0*)S0*]*Pb + 9H*0. Luge nacreous prismB, very slightly soluble in 
water (1 pt. in about 1670 pts. at 6®). 

C*Br*(NO*)SO*Ag + H*0. Slender white needier quickly turning brown in con- 
tact with the air. 

The chloride, G*Br‘*NO*.SOK]l, prepared by heating the potassium salt with 
the calculated quantity of POP and a little -POt^’ to 120®~130® (at 180® hexchloro- 
benzene is produced), cxystalUses from etiber in delicate white rhombic plates, melting 
at 146®-! 47®. 

The amide, C*Br^NO*.SO*Nfl’, is a crystalline powder very slightly soluble in 
water, easily soluble in alcohol, and ciystallising, therefrom in concentric groups of 
microiAopic needles. It remains solid at 300®, but melts to a dork liquid when heated 
in a test-tube over an open flame, and decomposes at a higher temperature with emis- 
sion of white fumes (Beckurts, Liebiff's Annaien, clxxxi. 220). 

CblorobenBonaanlplkosilo ^.olda* C*H^01.S0*1I (Limpricht, Deut, 
CAem, Gfs. Ber. viii. 1070 ; Goslich, Liebig*^ AnnaleUt clxxx. 106 ; Kieselinsky, ibid, 
108). These acids are formed front the amidobenzonesulphonic acids, by processes 
similar *U> those employed for the preparation of the corresponding brominated 
acids. 

Paraehlorohenseneaulphonio acid, C*.SO*II.H.H.Cl.H*, is formed, wi^ 
evolution of nitrogen, by heating the diozo-compound of paramidohenzonesulphonic 
acid with strong hydrochloric acid. The syrupy residue left after expulsion of the 
hydrochloric acid is diluted with water and neutralised with barium carbonate, and 
the impure Ixirium salt thus obtained is converted into the potassium salt, which, on 
treatment with phosphorus pen ta chloride, yields tho corresponding chloride; the 
latter is converted by ammonia into Uio amide, which is easily purified, and when 
treated with hydrochloric acid yields parachlorobonzene^phonic acid. 

The barium and lead salts of this aeid form tabular crystals containing I mol. 
water. ^ 

The chloride, OH^Cl.SO^Cl, crystallises in flat transparent prisms melting 
at 63®. 

The amide, C*H^Cl.SO*NH* forma white laminae melting at 143®-144® 
(Goslich). 

This chlorobenzenesulphonic acid is identical with that which was obtained by 
Otto a. Brunner and by Glutz, by treating chlorobenzene with fuming sulphuric acid 
(Is^ Svjipl. 274), whence it appears that tho chlorinated acid, like the bromobenzone-sul- 

f lionic acid obtained by dissolving bromobeniene in sulphuric acid, is a para- compound, 
t is true that the chlorobenzenesulphonic acid thus formed yields resorcin when fused 
with potash ; but it has been shown in man instances that this reaction cannot be 
relied on for determining the relative positioifii of the substituted radicles in aromatic 
compounds (Limpricht). 

Mctachlorobencenesulphonic acid, dfSO*H.H.Cl.H*, is formed, by the 
action of hydrochloric acid on the diazo-compound of metamidobenzonosulphonic acid, 
and purified in the same manner as the para'acid. The ^ pure acid crystailises in 
pearly laminae and tables which deliquesce in the air, and dissolve readily in alcohol. 
Its salts are not decomposed at 200®. The potassium salt, 0*H*C1.SO*K, is very 
soluble in water, and crystallihec from alcc^ol in white shining lamicse. The barium 
salt, (C^H^CbSO^yBa + 2H*0, forms shining rhombic plates which effloresce in the 
air, and dissolve with difiSculty in cold water and alc<mol, more easily In the same 
liquids when warm. 

The calcium salt, (C'H^Cl.SOf^l^Ca (anhydrous), forms white rhombic plates, very 
easiW soluble in water, less soluble in alcohol. The copper salt, ^OH^Cl,SO*}*Ca -r 
5H^O, separates firom its aqueous solution by slow evaporation in transparont 
nacreous prisms very easily soluble in water, sparingly in alcohol. The sifser salt, 
C*H*Cb80*Ag (anhydrous), obtained by neutraliFing the acid with silver carbonate, 
forms highlylustrous rhombic tables and laminm, which become dark-eoloured on 
exposure to light, and are very soluble in water. The chloride, 0”H<11.S0*01, ia 
an oily liquid which diseolves easily in ether, sod does not solidify even in a freeang 
mixture. 

The anyde, forms large transparent tables, easily soluble 

in alcohol, ether, and hot water, sparingly in cold water ; melting at 148® (Kieee- 
lineky). 
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OTtAochloroden^Bfiesulp^oftic acid, 0*.S0*fl^Cl.H‘*» i« obtained by heating 
the diazo-componnd of ortbamidobenzenesulphonic add with hydrochloric acid satu- 
rated at 0®, in a flask under a pressure of SOO mm. of mercury. Its chloride, pre- 
pared in the usual way, and purified by solution in ether, separates therefrom as an 
oily liquid, which cannot be made to crystallise even in a freesinj^ mixture ; but by 
converting it into the amide, purifying this compound by crystallisation, and heating 
it to 180® in sealed tubes with hydrochloric acid, so as to re-convert it into the acid, 
and heating the potassium salt of this purified acid with PCI* and POCl*, a chloride, 
<>.80*01.01. HS is obtained, which easily crystallises from ether in thick colourless 
prisms, melting at 28*6®. The amide, prepared from this solid chloride, melts at 
188® (Bahlmann, Annalen, clxixvi. 325). 

Ortbolodobenssnesulplioiiie Aoidy 0*.S0*H.I.H*. Prepared from the diazo- 
compound of the o-amido-acid with fuming^ hydriodic acid, forms a potassium salt, 
C*.80"K.I.H* + H*0, which crystallises in well-defined, apparently mofiodinic 
crystals, sparingly soluble in water. Its barium salt, (C^H^ISO'^^Ba, crystallises in 
small white anhydrous needles, sparingly soluble in cold, easily in hot water. The 
chloride, C*.SO*01.I.H\ prepared from the potassium salt with PCI*, crystallises 
from ether in thick transparent colourless prisms which melt at 51®. The amide, 
C*.S0*NH®.I.II*, forms thin white slightly soluble laminse melting at 170° (Bahlmann, 
loc, cit,) ^ 

The following table exhibits the melting points of the chlorides and amides of 
orthonitro-, chloro-, bromo-, aud iodo-l^nzonesulpbonic acids, as determined by 


Orthonitrobenzenesulphonic . 


Chloride 
. . 67® 

Amide 

188° 

Orthochlorobenzenesulphonic 

. 

28*6° 

188® 

Orthobromobonzenosulphonic 


61® 

186® 

Orthoiodobonzonesulphonic . 

• 

61® 

170° 


Senmeneaisulpbo*iiio AotdSf C*H\SO*H)*. The mofioindphonie acid, 
C*H*.S0*H, heated with oil of vitriol, is conwrted into adisulphoiiic acid, C*H*(SO*H)*, 
the potassium suit of which, distilled with potas^um cyanide, yields a dicyanobeneene 
or phenylene dicyanido, C®H*(0N)*, and this, when distHled wi& an alkali, is converted 
into the corresponding dicarbon-acid ; 

" 2S0*K» + C*H\CN)» 

and C*H*(CN>) + 4H«0 - 2NH* + OH^cOOH' 

Now Wislicenus a. Brunner found that the dicarbou^icid thus produced was terephthalie 
acid (2nd SuppL 162), and the same result was obtained by Koss-Garrick (Zeitschr, 
f. Chem. V. 649), whence it would appdUr that the disulphonic acid obtained as above 
is a para-compound. Barth a. Seiihofor, on the other hand (Liebi&s AnnaUn, 
clxxiv. 238), obtained by the 8ame«process, not terephthalie bnt isopnthalic acid, 
from wMich it would follow that the disulpho-acid in question is a meta-compound. 
This discrepancy has been explained by* the experiments of V. Meyer a. Michler 
{DeuU Ckfin, Ges. Ber. viii. 672), and by the further experiments of Barth a. Senhofer 
764), which have shown that the dicarbon-acid obtained by the series of processes 
above indicated is always a mixture of isophthalic an^ terephthalie acids, and conse- 
quently that the* disulphonic acid formed hy heating*benzouemonosulphonic acid with 
sulphuric acid is a mixture of the meta- and parabenzeneclisulphonic acids, the one 
or the other prevailing according to the degree of heat applied and the duration of 
the reaction. At the commencement of the reaction, and while the temperature is com- 
paratively low, the product consists mainly of ^M^a-disulphonic acid, but if the action 
IB prolonged and the temperature raised, the p<zra-acid is chiefiy produced. 

Korner a. Monselise chim, ital, 1876t p* 133) prepare the two benzenedi- 

sulphonie acids by dissolving 2 pts. of pure benzene in 3 pts. of a mixture of ordinary 
(1 vol.) and fuming (2 voU.) sulphuric add, and heating the product with three- 
fou^s its volume of the fuming add to 200°-246° for three to five hours. The 
black mass is then dissolved in water and neutralised with calcium carbonate ; the 
calcium salt is converted into the potassium salt ; and the solution evaporated. By 
this means crystals of two kinds are obtained, which must be separated mechanically. 
Olie of these, potassium m’^henj^ensdisulpkonate, C*(S0*K)H(SO*K)H* + H*O, forms 
large, colourless, sharply-defined prisms, very soluble in water, but insoluble in 
alcohol ; whilst the other, potassium p-bcnsenedisulphonate, 0*(S<>*K)H*(SO*K)H* > 
H*0, is obtained in ill-defined, thin, iridescent plates, less soluble in water tlian the 
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m^ea-compoimd. The acids sro liberated the purified potassiiim salts by addiztt 
a copsideiable excess of sulpbtrie add, predpitaUD^ the potasdam sulphate with 
alcohol, and finally remoring the excess of snlphnrie add with barium hydrate. 
Both acids are deliquescent, eiystalline substances, dosely resembling each other, 

J}eriv<UittM qf p-Bmsenedisulphonpi Acid, •— ^e barittm gait, 
0*SC)*.H.H.SO*.H* + H*O, forms crystalline cmsts, consistipg of microscopic needles^ 
t— Ba — i 

much less soluble in water than the corresponding m>compound. The lead gait, 
C®,SO*.H,H.SO*.H* + H*0, forms small, grandar crystals, whiw under the microscope 
l— Pb 

are resolved into nodules of minute needles. This is also somewhat less soluble than 
the flt-compoiind. 

The chloride, C*.SO*Cl.H.H.SO*Cl.H*, obtained by the action of PCI* on the 
potassiipn salt, crystallises in long transparent needles melting at 131^. The amide, 
C*.SO*NH*.H,H.SO'''NH®.H-, crystallises from water in very thin scales, and from 
alcohol in plates which melt at 288®. 

* The chloride, treated wi th tin and hydrochloric acid, is converted into thiohydro- 
quinone, 0*H*S^ which sublimes in lustrous hexagonal plates; and the potassium 
salt, distilled with potassium cyanide, yields a diej'anobenzene, whicli, 

when boiled with caustic alkali, is converted into terephthalic acid. These two 
reaction/' show that the acid under consideration is the para-acid (K5rner a. 
Monselise). 

aenxeaemotadlaulplkotilc Aoidt C*.SO*H.H.SO*H.H*, may be prepared by 

the following processes : — 

(a.) By treating pHrabromobenzeneBulphonic acid with strong sulphuric acid, 
whereby it is converted into a bromobenzenodisulphonic acid, which must be either 
the ortho- or the mota-inoditlcation : 

Br 

/\ 

I i 

\/ 

soni 

and debrominating the load or barium salt of this acid by the action of sodium- 
amalgam. The amalgam is gradually added to an aqueous solution of the salt, heated 
to 40°-45®, and neutralisid from time to time with hydrochloric or sulphuric acid. 
When the action is complete, the excess of alkali is exactly neutralised, and the 
liquid evaporated to the crystallising point. Chloride or sulphate of sodium then 
se^Niratos out, and afterwai^ls the benzenodisjriphonate, still, however, contaminated 
mth inorganic salts. 

On beating the bonzen(Kli.sulphQnuto thus obt^ued with potassium fcrrocyanido, a 
crystalline c^'anido is obtained, and this, when saponified by prolonged boililig with 
alcoholic potash in a flask with reversed condenser, is convertea into a potassium salt, 
which, when decomposed by hydrochloric acid, yields isophthalic acid. Conse- 
quently, the benzenesu I phonic acid obtained fis alx>ve is metabenzenedisulpOonic 
acid, (5*.S0*H.JI.S0*H.H*. The -odium salt of this acid, fused with Xiotaesium hydrate, 
yields resorcin (Niilting, Beut. Chs. Jier. viii. 1110). ^ 

(b.) By heating benzenemonosulphonie acid with an equal weight of fuming eul- 
phuric acid, till white fumes l)egin to appear, dissolving the resullS^ biiown in 
water, saturating the solution with lead carbonate, and decomposiag the reeulting 
lead after filtration from lead sulphate, with hydrogen sulphide. The acid thus 
obtained may be purified by converting it into the potassium salt, and decomposing 
this salt with the requisite quantity of sulphuric acid (Barth a. Senhofer, Deut, Chgm, 
Gcs. Ber. viii, 147). 

According to llcinzelmann (Liebig's AanaUrn, clxxxviii. 169), the best mode of 
proceeding is to dissolve benneue in a retort in an equal volume of frualng snlphuric 
acid, then add another equal quantity of the same acid, and heat the retort, with its 
beak inclined upwards, for two or three hours, strongly enough to fill it with white 
vapours, but not to cause these vapours to escape. The thick dark-ooloured mass 
thus obtainedsis dissolved in water, saturated with calcium hydrate, and strained; 
and if the liquid which runs through is very dark-ooloured, part of it, after precipita- 
tion of the lime with sulphuric acid, is boiled with lead carbonate, the solution of 
the leadaalt is added to the rest of the caldnm beuzenedisulphonate, and hydfOgen 
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ciUpbide ia passed through the liquid. The lead sulphide thereby precipitated c 
down the colouring matters ; and the colourless filtr^, freed from lime by precipita- 
tion with potassium carbonate, yields on evaporation fine crystals of potassium ben- 
zenedisulphonate. For farther purification, the potassium s^t may be converted into 
the chloride, and the acid regenerated thm^from. 

(c.) From the dinitrobenzenodisulphonic acid, C*HXNO*)^SO*H)*, formed by the 
action of a mixture of strong nitric and sulphuric acids on metanitrobenzenesulphonic 
acid (p. 223). This dinitro-acid is reduc^ by tin and hydrodiloric acid to the cor- 
responding diamido-acid, and the latter by nitrous acid to the azo-compound, 

C^H^I^Qj^ajiwhich, when boiled with absolute alcohol under pressure, is converted 

into benzeoemetadisulphonie acid (Limpricht, Dcut. Ckem. Gea, Bcr, viii. 189). 

Benzenemetadisutphonic fund crystallises with difficulty, and is extremely deli- 
quescent. Dried at 100®, it hag the composition 0*HXS0*H)* + 2iH*0, and gives 
off 2 mols. water at 130®. The^tasaivm salt^ C*H*(SO*K)*+ H*0, crystaHises in 
large oblique four-sided prisms easily soluble in water, and gives off its water of crys- 
tallisation at 230®. The barium, calcium, copper, lead, and zinc salts, formed by 
neutralising the acid with the respective carbonates, all contain water of crystallisa- 
tion, which the^ give off at high temperatures, and are all freely soluble in water. 
The silver salt is anhydrous (Barth a. Senhofor). 

The barium aalt^ C*(SO*)H(SO*)H* + 2H®0, crystallises from a dilute solution in 
t— Ba*— ^ 

large, colourless prisms, which are sometimes quite transparent, whilst from a concen- 
trated solution it separates in nodules consisting of colourless needles. The lead salt, 
C*(SO*)H(SO*)H* + 2H*0, appears to be isomorphous with the barium salt. The 

L-Pb— a 

copper ealtf C*(SO*)H(SO*)il* + 6H®0, forms blue needles ; the eodittm edit, 

C*(SO*Na)H(SO*Na)H* + 4H*0, ciyatallises in colourless needles, and the cadmium 
ealt in small colourless prisQis (Korner a. Monseliso). 

The chloride, C*.SO*Cl.H.SO*Cl.H*, cvystallisos from other in large colourless 
prisms melting at 68® ; the amide, C*.SO*NH* H.SO*NH*.H*, in needles resembling 
sublimed benzoic acid, and melting at 229®. • ** 

The chloride treated with tin apd hydrochloric acid yields th lores ore in, and 
the dicyanobenzene obtained by distilling the potassium salt with potassium cyanide 
is converted by boiling with potash into isophthalicacid. 

Derlwativea of aenxenemetadlnilpbonlo Add (Heinzelmann, Liebig's 
Annalen, clxxxviii. 160). This acid yields two series of mono-substitution-derivatives, 
which may be distinguished as a and 3. 

The nitrobenzenedisulphonic acids, U®H*(NO*)(SO®H)’, are obtained by 
gradually adding 2 vols. of the strongest nitric acid to 1 vol. of the dehydrated bon- 
zenedisulphonic acid contained in a -tubulated retort, and keeping the mixture for 
eight or ten hours in a state of gentle ebullition, the acid which distils over being poured 
back from time to time. When the Cxtion is over, the excess of nitric acid is driven off 
on the Wter-bath, the residue is dissolved in water, and the solution neutralised with 
barium carbonate and evaporated. The first crystallisations consist of needles of the 
barium salt of the «-acid ; the next of these needles mixed with nodules of the iS-salt ; 
and the last crystallisations of the nodules only. These salts must be separated 
as completely jjs possible by mechanical selection, ard then purified by rocrystallisa- 
tion. • 

Bv decomposing the purified barium salts with sulphuric acid, and evaporating 
the filtered solutions to a syrupy consistence, the a-acid is obtained in long slender 
deliquescent needles ; the /S-acid, after long standing over sulphuric acid, in small 
veiy hygroscopic crystals. All the salts of these acids are very soluble in water, 
those of the fi-acid being the more soluble of the two. 

The nmidobenzonemetadisulphonic acids, a and fi, C*H*(NH*)(SO*H)*, 
ate formed from the corresponding nit^acids by passing hydrogen sttl^diide through 
their ammoniacal solutions. The liquid filtered from s^phur is evaporat^ to expel 
the ammonium sulphide, then boiled with bazyto-water till ail the ammonia is driven 
off, and the barium is precipitated by sulphuric acid. The free adds thus obtained 
are separated by boiling the solution with lead carbonate, whereby the a-acid is oom- 
pietely, th4 j9-aeid only half precipitated ; the salts which separate on* on evapora- 
tion (the neutral a- and the add /B-salt) are purified by recrystailisation ; and from 
those salts the adds are obtained by means of hydrogen sulphide. 

Tho a-aeid el 7 sta^ise 8 from very concentrated solutions in colourless thick fonr 
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and six-sided prisnu oontaininif 3 mols. HH>, which they do not gire off either in the 
air or over solphTirie and. It^issolves easily in water and lUloohol, and is precipi- 
tated firom the alcoholic sdation by ether. The /3-acid separates from a solution 
evaporated to a syrup, and left over sulphuric acid, in nodular groups of brownish 
microscopic needles containing 24H*0, easily soluble in water and in alcohol, decom- 
posing above 120^. 

The aqueous solution of the a-acid ^ves with bromine-water a precipitate of 
bromanil, ; that of the 3-acid, treated in like manner, yields a copious preci- 

pitate of ordina^ tribromaniline. From these reactions the constitution of the a and 
3 amido-derivatives — and hence that of the nitro -derivatives — may be inferred, at least 
with great probability. The derivatives of these two series being both formed from 
benzenemetadisulphonic acid, the only possible formula by which they can be repre- 
sented are the three following ; — 


SO*H 

SO*H 

SO*H 

/ \nh« 

/\ 

i 

/\ 

I. 1 

II. I 

iin. 1 



KIpL 


Now the experiments of Bemdaen and Beckurts on the amidobensenesulphonic 
acids, C*H^NH’*.SO*H (p. 226), have shown that the crtho- and para- compounds 
treated with excess of bromine yield tribromaniline, whereas the meta-compound 
yields bromanil. Henco it may be inferred, as most probable, that the u-amido- 
benzenedisulphonic acid, wliich is converted by bromine into bromanil, has the con- 
stitution represented by the figure III., in which both the SO*H -groups are in the 
meta- position with respect to the Nil*. 

The 3-amidobon'4onodisulphonic acid, on the other hand, is converted by excess 
of bromine into tribromaniline (NH* : Br : Br : Br .* 2 ; 4 : 6), which might 
be formed, without any transposition of atoms, from eitlier of the compounds I or 
II, by exchange of the two SC'H-gronps and of 1 at. B for bromine. Of these two 
formulas Heinzelmann gives thp proferonco to II, which is that of Hoftnann's disnl- 
phanilic acid (formed by the action of fuming sulphuric acid on snlphanilic 
[p-jimidobenzenesulphonic] acid, and converted By exchange of NH* for H into msta- 
Rxuidobenzenedisulphonic acid), inasmuch as disulphanilio acid is also converted 
excess of bromine into ordinary tribromaniline, and resembles the 3*nmidobenzenodi- 
sulphonic acid in other respects. 

Diazo-derivatives^ C*Ii*.N* (tSO*H)*. — These acids are formed by passing 
nitrous acid through the solutions pf the amido-acids in strong alcohol, and are pre- 
cipitated ^m their alcoholic solutions by ether in the form of oily liquids, which 
solidify over sulphuric acid, the d-acid to a (crystalline pulp of slender needles, the 
3-acid in small nodules which absorb moistur^ from the air and decompose. 

The neutral salts of these acids have not been obtained; the acid salts, 
C*H*N®(SC>*M)(SO*H), are produced by the action of nitrous add on the aciij^ salts of 
the corresponding amido-acids. They mostlx crystallise well, and swell up strongly when 
heated on platinum foil, leaving a difficulUy combustible cinder. The a and 3 sdts 
ore distinguished chiefly by their crystalline forms. 

These diazo-acids appear to have the constitution represented by the formula 

OH*=N~N, derived from that of the amido-acids, by substitution of a 

\SO»H XSO*H 

trivalent nitrogen-atom for the 2 at. hydrogen of the NH* and 1 at. of hydrogen ffom 
the benzene-residue, C*H*, the other nitrc^en-atom becoming quinquivalent. 

The following table gives a comparative view of the princip^ properties of the 
salts, borides, and amides of the nitro-, amido-, and diost^erivatives of the a and fi 
series: 

I^erivativez of Benzznz-m-dituiphanio acid. 


KUro-dcrivatiozz : 


C«HXNO*XaO*H)»-b4FH*0. . 
CfH\NO*XSO*NH*)*(anhydr.) 


Slender, deliquescent Small, very hygrosoopiq 
needles, very soluble in ! crystals, more soLuble 
water. ' than a. 

Yellowish flat prisms, Nodules and crusts of 
with oblique end-face. small prisms. 
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DeritfoHvea of Beneene^mrdimlphonio oMd^ — Continued. 


NUro-derivatives : 
0«H*(NO*)(SO«K)* . 

C‘H*(NO*XSO*Ag)* 

0*H*(NO*)(SO*)*Ba. 

0‘H*(N0*XS0*)*Ca. 

C«H*(NO»)(SO*)»Pb. 

0*H*(N0*)(S0»CL)*. 

0*H*(N0*XS0*Nm)« 

Amido-derivatives : 
C*H»(NBP)(SO*H)* . 

0«H*(NH*)(SO»NH«)* 

0«H»(NHO(SO»K)* . 

G«IP(NH*XSO»)*B* 


Anhydrous, slender 
needles, somewhat less 
soluble than the 
barium salt. 

White nodules, easily 
soluble, blackened by 
light. 

Slender needles with 
5H*0; after recrystal- 
lisation, flat shining 
efilorescent prisms, 
with 6H*0 and 4H*0. 

+ 211*0. Yellow (mono- 
clinic) (?^ prisms, 
which quickly efflo- 
resce, 

+ 4H*0. Nearly colour- 
less, slender, very 
soluble needles. 


Melts at 140^. 


Nacreous, iq^croscopic, 
three-sided laminae, 
tnelting at 242^. 

-I- 3H*0. Four- and 
six-sided prisms, very 
soluble in water and 
alcohol. With brom- 
ine water gives bro- 
manil. 


^ H*0. Large, six- 
sided laminae, Tory 
solubld in water and 
alcohol. 

a:H*0. Flat anhy- 
drous prisms or long 
hydrated tf^t^les, 
quickly efflorescing. 
Long, flat, non-efflo- 
rescent prismg with 
4H*0, or quickly efflo- 
rescing rhombic octo- 
hedrons with 3H*0. 

+ H*0. Long prisms, 
•or thicker flat prisms, 
with oblique end-fi|pe, 
moderately soluble in 
cold water. 

+ 3iH*0, Concentric 
groups of long thin 
prisms, easily soluble 
in water i precipitated 
amorphous by sJcohol. 


(?) Nodular 
groups of slender mi- 
croscopic needles. 


Nodular groups of 
slender needier, with 
6H*0, turning yellow 
in light without losing 
water. 


+ 4H*0, Highly con- 
centrated solution 

solidifies to a pulp of 
slender neemes ; 

weaker solution left to 
evaporate effloresces 
very strongly. 

Brown oil, not solidify- 
ing in a freezing mix- 
ture. 


2iH*0. Brownish 
nodular groups of mi- 
croscopic nee^es, very 
soluble iu water and 
alcohol. With bro- 
mine-water gives 
(1:2:4-. 6), tribro- 
maniline. 


4. 3H*0. Concentric 
groups «of brownish 
four-sided tablets. 
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Dtfiwdives of acid, — Continuad. 


Amido^derivativea : 


fi 


[C«H\NH*).(SO*H).SO*]*Ba 


C»H»(NH*XSO»)*Pb 

[C«H:»(NH»)(SO«H)SO*]*.Pb 


C«H»(NH*XSO»Agy. 


+ 6H*0. Long thin 
prisms^ moderately 
soluble in cold water. 


+ 3 JH»0. Large six- 
sided prisms, • rather 
sparingly soluble in 
cold water. 

+ 6H®0. Tufts of 
colourless prisms. 


(anhydr.) Colourless 

or fmntly reddish 
rhombic tablets, 

Bcarcoly coloured by 
lights slightly soluble 
in water. 


+ 2H*0. Separates 
fh>m hot concentrated 
solution as a bulky 
mass of slender shining 
microscopic needles, 
slowly re-dissolTing in 
water. 

+ 211*0. Hard crusts 
made up of nodules. 


+ 6H*0. Small, colour- 
less, shining, pointed 
rhombic tablets, united 
in crusts. Dissolves 
very slowly in cold 
water. 


Duuo^derivatives : 

c*b™*(so»h)* 


cwN»j|g;|. 


[OOTN*(SO*H)SO*]*Ba 

[C«H*N*(SO»H)SO*]Pb 


Precipitated from alco- 
bplic solution by ether 
as a brown oil, solidify- 
ing over sulphuric acid 
to a pulp of small 
needles ; very soluble 
in water and alcohol 
(p. 253). 

Anhydrous. Concen- 
• tric groups of white 
needles. 

Anhydrous.^ Faintly 
reddish needles. 


+ 8H*0. Nearly colour- 
less, shining, micro- 
sccmicipur-sided plates.l 
+ 3H*0. Flat micro- | 
scopic prisms. 


Solidiflesover sulphuric 
acid to small n^ules, 
which absorb moisture 
from the air and de- 
compose. 


Anhydrous. Slender 
microscopic prisms 
burning away <}uiekly 
on }>latinum fijl, and 
leaving a light spongy 
mass. 

+ 2H*0. Ooncentrio 
gproups of short mono- 
clinic prisms. 

+ &H*0. Thin, micro- 
scopic needles. 


BrosiiolKiBaMedlaQiplioilio Aoldet C*H*Br(SO*H)*. These acids are formed 

by heatii^ Uie above-described diazobenzenedisulphonic acids with hydrobromic acid : 
only the a-compouDds have, however, as yet been investigated. 

The free acid» purified by converting it into a lend salt, frequently recxystsllising 
this salt, and then decomposing it with hydrogen sulphide, crystallises from its syrupy 
solution, after standing for several days over sulphuric acid, in slender colourless 
needles which are too hygroscopic to admit of a determination of their water of 
mystallisation. 

The metallic bromobenzenedisulphonates are obtained by treating the acid salts of 
o-diasobenzenaiisulphonic acid with bydiobromic acid. * 

C*H'Br(SO*NH^)** Concentric groups of anhydrous, slender, easily soluble 
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0*H*Br(S0*K)* + 4H*0 (?), Slender very soluble needles^ which effloresce quickly 
on exposure to the air. / 

C*H*Br(SO*)®Ba + 2JH*0. Nearly colourless needles, easily soluble in water. 

C*H*Br(SC)*)*Pb + 2JH*0. Thin colourless prisms, easily soluble in water. 

Chloride, C«H*Br(S02Cl)* Crystallises from ether in crusts made up of white 
nodules, somewhat sparingly soluble in ether. Melts at 99°. 

Amide, C«H®Bj 5[SO*NH*)*. White silky needles nearly insoluble in cold, more 
easily soluble in hot water, melting at 245°. 

Sromamldo1»6Bxenedlaalplionle Aoida. Of these also only the a-modihca- 
tions have been studied. On adding bromine to a cold dilute aqueous solution of 
o-amidobenzenedisulphonic acid, the colour of the bromine disappears, and if only 
1 mol. bromine is added, the solution contains mono- and dibromamidobenzenedisul- 
phonic acid, together with unaltered amido-acid ; if 2 or more mols. of bromine are 
added, the dibrominated acid which separates is accompanied by shining, laminae of 
bromanil, the quantity of which increases in direct proportion to the bromine ^ded. 

To separate these acids, the solution of the amidol^nzenedisulphonic acid, mixed 
with 1 mol. bromine, is evaporated on the water-bath till all the hydrobromic acid is 
removed, and the syrupy residue is left for several days over sulphuric acid, where- 
upon thick crystals of the unaltered amido-acid first separate out, after which the 
mother-liquor gradually solidifies, from separation of nodular groups of needles. 
These nodules, heated with water and barium carbonate, yield a barium salt which 
cryBtallii^s in similar forms, and may be converted into the ammonium salt by treat- 
ment with ammonium carbonate. The moderately concentrated solution of the 
ammonium salt thus obtained deposits : first, nearly colourless dense prisms, or square 
plates of ammonium o-ditromamidobcnzenedisulphonate ; the mother-liquor of these 
yields large yellow prisms of the a-monobromamidobonzoncdisulphonate, and the last 
mother-liquor yields the a-amidobenzonodisulphonate. The several kinds of crystals 
thus obtained must bo purified by repeated crystallisation. 

When the solution of the amido-acid is mixed with more than 1 mol. bromine, the 
mode of treatment is essentially the same, excepting that the barium salt must be 
prepared by boiling the nodular crystals .with baryta-water, in order to remove 
ammonium sulphate, which is formed together with the bromanil. 

Brcrmamidohenffenedisulphojtic acid, **C®H*Br(NH^XSO*Hy-^ 2JH*0, sepa- 
rated from the lead salt by hydrogei^ sulphide, forms thick colourless prisms, very 
soluble in water. 

C®H*Br(NH'®XSO*NH^)* (anhydrous ?), forms large, nearly colourless prisms, 
apparently containing mechanically enclosed water (up to 3 per cent.}, and therefore 
decrepitating wlion heated. 

C®H*Br(NH’*)(SO®)®Ba4- 8H®0, separates from the syropy solution in spherical 
groims of slender needles, efflorescing on exposure to the air. 

separates from' the syrupy solution in nearly 
colourless hard ntklules, composed of slender prisms, which redissolve but slowly in 
cold water and do not effloresce in the air. 

Dihromamidobenzenedisul^honio acid, C*HBr*(NH*)(SO*H)* + 4H*0, 
crystiillues in dense, colourless, non^fflorescent prisms, easily soluble in water. 

0*HBrXNH''‘)(SO*NII^)* (anhydrous). Dense, colourless prisms or square tables, 
somewhat sparingly soluble in cold water. 

C®HBr*(NH*)(SO*K)’ (anhydrous). Dense, colourless prisms, more soluble than 
the ammonium salt. 

C*HBr“(NH’-*)(SO*)*Ba + 8H*0. Long;, thin, cqS-j Jrless prisms, very soluble in 
water, and efflorescing quickly on exposure to the air. 

0®HBrXNH®)(SO*yPb + 311*0. Thin, flat, uon-efflorescent prisms, separating 

from the syrupy solution after standing for several days. 

Add Fotacsium DihroTnadiaschensmcdisulphonate, is formed by 

passing nitrous acid into a solution of dibromamidobenzenedisulphonie acid half 
neutrfuised with potassium carbonate, and separates in anhydrous, microscopic, six- 
sided rhc^bic tablets. It is easily vdecompos^ by boiling with water or alcohol, but 
more easily by heating with concentrated hydrobromic acid, yielding : 

Bcia$dwn l}dhromohensenedisulphonate, C®HBr*(SO*K)*, which crystallises in 
small anhydrous prisms, somewhat sparingly soluble in water (Heinzelmann). 

The foUowinp; table gives a synoptic vieyr of the derivatives of bensenesulphonic 
acid above described : — - * 



bbnzenesulph^nio aoids. 

Bbnsrnksulphukio Acids. 


Abtosviated symbol 
of oompound 

• 

HdUng point of 

Ohlorldo 1 Amide 

Br 

fil® 

186® 

Br 

liquid 

168°-161® 

Br 

76^ 

160® 

Br.Br 

71® 

198® 

Br.Bp 

67-6® 

203® • 

• BrJBr 

81® 

ITO® 

Br.Br 

127® 

216® 

Br.Br.Br 

127® 

210® 

Br.Br.Br 

86*6® 

blackens at 220® 

Br.Br.Br 

63® 

blackens at 210® 

Br.Br.Br 

04*6® 

228® 

BmBr. Br.Br 

120® 

181® 

Br.Br.Br. Br 

91® 

blackens at 250® 

Br.Br.Br.Br 

01-6® 

above 300® 

Br.Br.Br.Br.Br 

90® 

blackens at 260® 

01 

28-6® 

188® 

01 

liquid 

148® 

Cl 

83® 

143®-144® 

1 

61® 

170® 

NO* 

67® 

186® 

NO* 

61® 

161® 

NO* 

liquid 

. 131® 

NO*.NO» 

89® 

1 238® 

NO*.Bp 

• 4J^® 

206® 

NO».Bp.Br 

121® 

— ■ 

NO*.Br.Br.Bp 

116® 

202* 

NO*.Br.Br.Br 

turns brown 
at 180® 

turns brown 
at 210® 

NO*.Br.Br.Bp 

142® 

176® 

1 NO*.Br.Bp.Bp,Br 

1 

146°-147® 1 above 300® 

Chamotors of free acid 


Podtion of the displacinir nidi<dea 
relatively to the SO*H-group, whi(4i 
occupies poeitioa 1 


NH* 

NH*NH* 

NHa.Bp 

NH*,Bp 

NH*.Bp.Br 

NH’Br.Br 

NH3.Bp.Br 

NH*Br.Br.Br 

NH*Br.Br.Br 

NH*Br.Br.Bp 

5JH»-BrBp.Bp.Br 


Bonsenedisolpbonic 

aoida 


SO»H 

80 »H 

a. SO*H3r 
a. SO*H.NO* 
SO»H*NO* 
a. soqaLNHs 
SO^NH* 


Axihydr. rhombs, or j>nsins 
with 1H*0 

Anhvdr. needles, or prisms 
with 1-6HK) • 

Bbombic plates with IHK) 
Rhombic prisms 
Ciystalline powder, IH^O 
Needles with 1H«0 
Prisms on^Jables with 1H*0 

Needles | 

Prisms 

Needles 


Keltlng 

Cailorida 

point of 

Amide 

131® 

288® 

63® 

229® 

90® 

- 246® 

140® 

242® 

oil 

— 


Prisms with SHH> 
Needles with 2iH*0 
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- ■dimnltthoBlc AolOf 0«HXNOf)*(SO*H)* (Limpricht* I>€vi. 

Chem, Oe$, Ser, ▼iii. 289). This acid is produced by boiliog ardinaiy (meta) nitio- 
bmzeDesnlphonic acid with half its volume of strong sulphuric acid and three times 
its volume of nitric acid. sp. gr. 1*5. When separated from its lead salt, it solidifies 
on standing to a crystalline mass having a very bitter taste. Its salts are very 
soluble and do not crystallise very readily. The following have been examined 
*(NO*)*(SO*K)* + H*0. White needles. 
i*(SO»Ka)* + 3H*0. Long needles, 

ta+ 2H®0. Slender needles grouped in tufts, 
a + H*0. Stellate groups of prisms, 
b + 3H®0. Crystalline crusts. 

, i+3H*0. Stellate groups of microscopic crystals. 

The chloride, 0*H*(NO*)*.(SO*C1)^, crystallises in oblique four-sided tables; the 
amide in long needles : both compounds when heated decompose without melting. 


Nitramidobeneenedisulphonio aeid, formed by reducing the dinitro-acid 
with ammonium sulphide, is a very deliquescent mass, very difficult te c^stallise, and 
forming deliquescent salts. The barium salt, C*H®(N0®)(NH*)(S0*)®Ba + 2H*0, is 
precipitated from its aqueous solution by alcohol in the crystalline state. 

' This amido^bcid, dissolved in absolute alcohol and treated with nitrous acid, yields 

thediazo-cbmpound, C*HXN0»)^S0^!5 n, which separates in red fiakeli. The 

XSO*H 


same amido-acid, boiled with absolute alcohol, is converted into uncrystallisable 
ni trobanz enedi Bul phon i c acid, the lead salt of which, C®II*(NO*)(SO*)2Pb + H*0, 
ciystallises in tufts of yellow needles. 

The dfcazo-compound, boiled with water, yields nitrodiphanot-disulphonic 
acid, which crystallises in veiy soluble microscopic needles; and forms a barium salt, 
C*H*(NO*)(OH)(SO®)*Ba4' 2H*0, which is precipitated aqueoms solution by 

al^hol in the crystalUno state* • « 

Nitrobromobengenedisuljshonic a^id, C*H*(NO®)Br(SO*H)® + H*0, formed- 
by heating the diazo>compound with hydrobromic acid, crystallises in rhombic. plates,^ 
easily soluble in water and in alcohol, and forms unciystalUsable salts with ammonium, 
barium and lead, i* 


DiamidobenxfenedisulphoniS aeid, + H*0, obtained by 

the reducing action of tin and hydrochloric acid on the dinitro-acid, crystallises in 
easily soluble quadratic octokedjrons; its tmsalt, C"H*(NH*)*(SO*)^n + H*0, ciys- 
talllses in white needles. 

The diamido-acid, distilled with soda-lime, is converted into metaphenylene- 
diamine, melting at 60^. The same aeid, suspended in absolute 

alcohol and decomposed by nitrous acid, is coilvorted hutO the azo-compound. 


f*, a yellow crystal! iifo powder, which, when boiled with absolute 
alcohol under pressure, yields benzenedisulphonic acid (p. 251). 

Dik^droxylheneensdisulphonic acid, C*H^Oi)^SO*H)*, obtained by 
boiling azo-compound just mentioned with water, crystaUises in long four-sided 
easily soluble needles. Its barium t5*I^OH)*(SO*)*Ba + 2H*0, is precipitated 
in the crystalline form from its aqueous solution by alcohol (Limpricht). 


l)ibromobemencdisul2>honic acid, C*H*Br®(SO*Ii)*, obtained by treating the 
same ozo-compO'und with hydrobromic ac^d, is very^^eliquoscent, and does not yield 
crystallisablo salts (Limpricht). 

In this, as in the preceding disubstiiuted derivatives of benzene-m-disulphonic 
acid, the relative position of the two bromine-atoms is not known. 

Another dibromobenzenedisulphonic a6id, in which the two Br-atoms 
are in the para-position with regard to one another, but the places of the two SO*H- 
groups are unknown, is form^, together with paradibromobenzenemonoshlphohic 
add (p. 287) by the action of faming sulphuric acid on crystallised paradibromo^ 
benzene. It crystallises in small, fransparent, easily soluble prisms. lts‘ |90^ussiiM£ 
salt, 0*H^r’(SO»K)*, forms white soluble needles. The barium 
0*H*Br*(SO*)*iia i- 4^H*0, crystaUises in small white easily soluble needles. TIm^' 
chloride, C*fl*Br^SO*Cl)*, forms transj^nrent monoclinio crystals melting at 161®^ 
The amide, C*H*Br*(SO*NH*)*, forms noaulps of microscopic needles, easily soli^ble ii^ 
water and in alcohol. It does not melt at 240®, but melts and toms brown when** 
stronsly heated on platinum foil fBoms, Li^ig^s Annalen, cbcxxvii. 36d)u ^ 

This dibrominated acid, boiled with strong; nitric aeid, is converted into a nitro- ' 
dibromobcnsenedisulphonio a ei^ which is easily reduced by tin and hydro* 
picric aeid to the corresponding amidodibromobenzenedisnlphoaic ajeid, 
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0*HBx^MH*X8O*H)*» wMA forms smalt mystala aanlj soluble in water and in alcobol. 
Its potaWLum and barium a&lts are omtaliine and eaulj soluble. The ckkrids orys- 
tallises in prisms melting at 148 ^ ; the ami^ forms small needles melting at 206^ 
(Boms). 

■enaeaatiisiilplioiile Aeldi G*H*(SO*H)*. This acid is obtained by ^ssoleing 

1 0 grains of benzene in 70 grains of well-cooled oil of vitriol, mixing the liquid quickly 
with 35-40 grams of phosphorus pontoxide, and then heating the nscid solution for 
five to six hours to 280*’-200^ The mduet is boiled with water, and milk of lime is 
added until the solution is alkaline. The filtrate is tlien neutralised at 100^ with 
acid TOtassium carbonate, and normal carbonato is added as long as a precipitate is 
form^. On evaporating the filtrate, p<fia88iam benzenetrisulphonate crystallises out 
and may be purified by rocrystallisation : it forms large oblique prisms or plates, con- 
sisting of CflE[*(SO*K)* + 8H*0. To obtain tb^ free acid, a solution of this salt is 
mixSd with lead acetate, and tlie liquid precipitated by ammonia. After washing, 
the precipitate is decomposed by hydrogen sulphide. On evaporating the solution, 
benaeneirtsulphonie acid, 0*H*(SO*H)*+ SHH>^ crystallises in long flat deliquescent 
needles. The barium salt, rC'H*(SO*)*]*Ba*, is a ciystalline precipitate which is 
sparingly soluble in water and almost insoluble in dilute alcohol ; by the slow evap- 
oration of its aqueous solution it is obtained in very small needless The Hlver salit, 
G*H*(‘^0*Ag)* + 2H^O, is obtained by boiling the acid with freshly precipitated silver 
oxide ; on evaporating tlie solution in a '\^cuum it crystallises in well-dcSned needles. 
The lead salt, [C*H*cSO*)*]*Pb* + 4U*0, is readily soluble in water, and cryst^lises hi 
slender needles. The oadmium salt forms small plates, and dissolves freely in water 
(Senhofer, Liebig's Annalen, clxxiv. 243). > 

»MyX3KTOl|03t AUCXO aTUMI. See Hvnnoxauic Etukbs. 

MiSnUBT2>mT3^-irairXOXO AOZII. See liuNZOYL-BUNZOic Acn>. 

mawiMXCr 0*H**OOOH. Guichard {BuU, Soa. Chim. [2], xiz. 351) has 

observed the foimation of large ciystals of benzoic acid in carbon bisulphide winch 
had been for a long time in contact with gum benzoin at varying temperatures. 

lAthium Bensoate^ G*H^.CO*Xi(^ easily prepared by boiling the carbonate with 
water (9 pts.) and gradually adding benzoic acid (about 3f pts.), crystallises in shining u 
laminm, greasy to the tou^, and having a sweet, not unjfioatant taste. It dissolves 
in 3| pts. water at 15% in 2^ pts, at 100% Hiid in 10 pts. cold alcohol of sp. gr* 0*888. 
The solution has an acid reaction (R B. Shuttlewortb, Pharm. J. Trane. [3], v. 682), 
Reactions. — 1. With Glucose and Sulphuric ocidL — According to Phipson (C5sm. 
xxviii. 13) benzoic [or salicylic] acid (3 mols.) gently heated with glu^8e(l mol.) 
and an excess of strong sulphuric acid, forms a solution of a fine blood^red colour, 
which after a while turns brown, and then black. A similar observatinn has been 
made by Ringzett a. J^ke (i5u2. xxxv. 37). 

2. With Ethyl NitraUe and Sulphttrio When a solution of equal numbers 

of molecules of benzoic acid end ethyl nitrate in pure ether is added to concentrated 
sulphuric acid, at> temperature rot exceedtng^75% a little motanitrobenzoic acid is 
formed, together with' a large quantity of ctnyl benzoate and a liquid filing at 
270®-280®. This liquid is decomposed by potash, yielding an acid melting at 186®- 
1 37% and consisting of a compound of benzoic acid and a nitcobenzoic acid, which 
melts at 128®-130® (Fittic^, Deut. Chem. Gee. Ber. ix. 794). 

« 3. With Sodium^ Foi^maU^—V. Meyer showed some time I2nd Suppl. 134) 
that potassium salf>hobenzoat6 (or broir»obenzoate), heated with sodium formate, is 
converted into the potassium salt of isophthalie acia : * ^ 

^iFTow, V. V. Richter has since observed {Dent. Chem. Gee. Bor, vi. 876) that when 
potassium benzoate is fused with sodium formate, both isophthalie and terepthaUc 
. acids ase produced, the former constituting the larger portion of the product: 

c*H‘ co»H + co*H» - cmKoomy + h% 

^ and he supposes that, in MeyeFs reaction, the sodium formate is in the first instejiee 
resolved by heat into CO* and H*, and t^at the bydi^en thus separated exerts a 
reducing action on the sulphobenzoic ,.or bromobenzoic acid, giving rise to bensoie 
acid, which is then acted upon by a fresh TOrtion of the formate, producii^ sceo^ 
tfoies a miAnre of isophthalie ai^ tmrepthslic Mid, somotimes isophthalie acid alone. 

He finds by experiment that bromobenzoic acid heated with aodinm formate does 
actually yield a mixture of the two dkarbou-acida, a reeult which could seareel^ be 
obtained tf tbe reaction took place, ns Meyer suppoees, by simple replacemeniWf Br 

s 2 
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1>7 00*H. Meyer, on the other hand, finds (ibid. 1146) that irhen a ealt of or^naty 
(meta) tolphobenzoic acid iB fosed 'with eodinm formhte, the product consists u 
isophthalic acid without a trace of terephthalic ; whereas, when para^phobenzoic 
acid (discovered by Bemsen) is similarly treated, nothing but terephthalic acid is pro- 
duced He therefore concludes that the dicarbon-acids are formed directly from the 
sulphobenzoic acid by substitution of OOOH for SO^H, and not by the action of 
sodium formate on previously formed benzoate. Meyte also finds that a mixture^ of 
sodium formate and potassium benzoate undergoes no change at a temperature which 
suffices for the comj^ete conversion of the sulphobenzoate into isophthalate. More- 
over, it appears from experiments by Conrad that iso- and terephthalic acids are 
formed by simply heating sodium benzoate to the point of carbonisation, whence it is 
evident that tne production of these acids in the manner observed by Bichter has 
nothing to do 'with their formation from sulphobenzoic or biomobenzoio add. 

4. Deamposition of Barium Benzoate by Heat. — ^Xhis salt yields by dry distillation 
a large quanti^ of a hydrocarbon melting at 145^, which appears to be tetraphenyl- 
methane, C(0*H^)\ formed by the mutuivl action of benzophenone and benzene in 
the nascent state : 

00(0*H*)* + 20»H« = H*0 + C(0*H*)* 

(A. Behr, Dent. Chem, Gee. Ber. v. 970). 

f 6. Beadiion with Thiocyanatee. — A mixture of barium benzoate with exsess of 
thiocyanate yields by dry mstillation a partially solid distillate, consisting of benzo- 
nitril, tolane, and a cyanide of a hydrocarbon, jpartly liquid, partly solid, neither of 
'which has, however, been obtained pure. The liquid compound, heated with potash, 
yields benzacrylio acid, G*H*.C.CO*H (p. 165). The solid cyano-product yields 
an acid apparently identical with that whi<^ is formed by heating the product of the 
action of cyanogen on an alcoholic solution of tolane with caustic potash (Pfankuch, 
J.pr. Chem. [2], vi. 113V 

According to Kekule and Williams (Deut. Chem. Gee. Ber. vi. 1 16), this reaction 
does not yield benzaciylic acid; but the residues left after the distillation and rectifi- 
cation of the benzonitril (b. p. 191^), yield, on continued distillation under reduced 
pressure, portions which pass over at 200^-246*^ and 246^-275°, the first of which, 
when saponified by potash, yields benzoic acid? whili^ the iiigher-boiling portion 
appears to be a mixture of several hydrocarbons, probably including tolane. 

Action of Benzoic Acid on Fhenytthiocarbimiae (Fhenylic Mustard Oil). — Those 
two compounds heated together in sealed tubes to 130^-160'^, yield phenyldibern- 
zamide: 

2(0*H*.000H) + = CO* + H*S + NjJ^c*H*)* 

(Lasanitsch, Deut. Chem. Ges. Ber. vi. 176), 

Sromolienmolo Acids. Farabromobenzoio acid, 0*.COOH.H.H.Br.H*, 
produced by oxidation of p-bromotoluefio (2nd Suppl. 161), may idso formed from 
ordinary bromaniline (m. p. 63^-64^), by the following series of processes. Bromani- 
line, prenpred by treating acetanilids 'with bromine and decomposing the resulting 
bromacetonilide by heating with strong hydrochloric acid, is converted by the action 
of carbon disulpnide in alcoholic soluu6n into the corresponding bromothioear- 
banilide : 

. + CS* - BH* +^jy»|(C*HjBr)* 

and this compound, heated to 160^-160° in sealed tubes with strong hydrochloric add, 
is resolved into bromophenylthiocarbimide (bromophenylic mustard oil) and brom- 
aniline : 

N*[(C*Mr)* + HCl - 

On h&'ating the contents of the tubes with water, the bromophenylthiocarbimide passes 
over as a colourless oil, which, when heated to 180^-200^ with ignited copper- 
powder, gives up its sulphur, and is converted into bromophenyl cyanide or bromo- 
benzonit^, C*H*Br.ON, and this nitril heated to about 160^ with strong hydrochloric 
aqid, is converted into parabromobenzoic add : ^ 

C*H*Br.CN + 2H*0 - NH* + C^H^.COOH, 

The parabromobenzoic acid thus prepared melts at 260^ ; its barium saljt cxystallises 
in nacreous laminae (compare Isf S^ppl. 810). Its formation in the manner above 
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described diovs that ordinary broxnaniliiie^belongs to the para-aeriea (Weith a. 
Landolt, DeiU. Cktm. Gea, Mer. Tiii. 715). 

LoHensoto Aoida» 0 *H*Bt*.C 00H. Three of these acids have been 
obtained, one symmetrical and two uosymmetrical, as represented by the following 
constitutional formulae, and a fourth whose constitution is still undetermined ; 

(Xra 00*H com 

tL 0 

Br 

m. p. 208®-.209® m. p. I51®-152® m. p. 227®-2S0® 

^1 The iTuunetrical modification, 1 : 3 : 5, is formed the action of alcoholio 
p' assium cyanide on nitrometadibromobensene, (1 : 2 ! 4), at 120^-140^: 

C«H«Br*(NO*) + ONK + 2H*0 - OH*Br^CO»H + NO*K + NH». 

It crystallises from water, in which it is but slightly soluble, in flocks, melts at 
208®-209®, and sublimes in flat needles. Its barium salt, (C*H*Br*)^CO*)^a, anhy- 
drour.siter ^hying over sulphuric acid, is very slightly soluble even lu hot water, and 
erystaUises.in concentric groups of slender needles (V. v. Richter, Dcut, Chem, 0m. 
Ber. vii. 1418). 

In the formation of this modification, the radicle CO*H does not occnpy the same 
place relatively to the two bromine-atoms as the NO* in the nitro-oom pound fri>m 
which it is prepared, bnt moves one place nearer to the farther bromine-atom, ae- 
corduig to a law already explained (p. 180) : 

00*B 

”U“ 

(2.) The modification 1 : 3 : 6 or 1 : 2 : 5, in which the two bromine-atoms are In 
the para'po.sition with regard to one another, is formed in like manner from 
nitroparadibromo benzene, C*.NO*.Br.H.H.Br.U. It melts at 151^-152^ (v. liiohterl. 

(3.) The modification 1 ! 3 : 4, having the two bromine-atoms in the oi^o-posi- 
tion, is formed : a. By passing nitrous acid through a solution of bromamidobensoic 
acid, (p. 270), in glacial acetic acid mixed with excess of 

hydrobromic acid, and crystallii^es, after some time, from the solution. 

fi. By oxidation of dibromotoluene, C*.CH*.U.Br.Br.Ii* (b. p. 240^), with chromic 
acid in acetic acid solution. 

This acid, purified by separation frdm its barium salt, crystallises in small 
colourless needles meltiu at 22^^-230^,* sparingly soluble in water, freely in alcohol. 
The barium udt, (C*H*Br*CO*)*Ba + 4|H*0, is but slightly^ soluble in pure water, 
and crystallises therefrom in long colourless nee^lles. The calnum salt is deliquescent, 
and appears to crystallise in small needles. The cop^ soli, C*H*Br*CO*.Ou.OH, 
separates, on mixing the solution of the barium salt with cupric acetate, as a light 
blue precipitate insoluble ir water. The silver salt, 0*H*Br*CO*Ag, precipitated from 
the ammonium salt by siPiSs^T nitrate, forms a colourless jelly wfaicn gradually 
becomes white and compact. It dissolves in hot water and separates on cooling in 
dense white masses. The and rtac so/M are nearly insoluble in water. ~ 

The sthylio ether ^ prepare<i by decomposing the silver salt with 

ethyl iodide, crystallUes from ether or alcohol in long colourless needles melting at 
88®-38-5®. 

The CTO"Br*.CO»NH*, is formed by heating the well-dried acid with the 

requisite quantitv of phosphorus pentachloride, and heating the crystalline chloride 
thereby produced with saturated aqneoua ammonia. It crystallises from water in 
colourless needles melting at 151*’->152^ (Burghard, Chem, Ges, Ser, viiL 558). 

(4.) A fourth dibromobenzoic acid, of unknown constitution, is formed from 
orthobromobenzoie acid, by nitration, r^nction of the nitrobrominated acid with tin 
and hydrochloric acid, and treatment 'of the resulting bromamidobenxoie acid with 
nitrous sgid. Its properties have not been described (Burghard). « 

• ijigerstcin*s dIbrtnDObensofe add (m. p. obtained, together with other prodiiete, tin 

direct tiromitiatlou of beniolo add, and described In the 2nd OitppL (p. 162), as the ejrna&strio nodfd* 
salloa (1 »S : 5), Js in an piobabilJty identical with the modUcatlon here deeertbed. 
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Ohlorobeaxolo Adds- i^araeAlorobenjMne or Chlorodhracylie acid, 
CMl».CLH.H.COOH.— Emmerling (DeuL Chcm. &es. Ber^Tiii. 880) finds that this 
acid is best prepared by oxidisii^ chlorotolnene witfi potassium permanganate, 
wUchacts much more quickly than nitric acid or a mixture of bichromate and sulphuric 
acid. One part of commercial chlorotoluene is boiled with 3 pts. of potassium 
permanganate and a large quantity of water for four to five hours ; the remaining 
chlorotoluene is distilled off; and the hot liquid is filtered and precipitat^ with 
sulphuric acid. The product is a mixture of the ortho- and para-acids, in which the 
former preponderates. They may be separated by boiling water, in which the para- 
aeid dissolves but sparingly. It forms a white earthy mass, subliming in needles 
and melting at 234^. The silver and sodium salts are anhydrous; the former ciystal- 
dises well from hot water, and the latter is anhydrous. The lead sail is an amoiphous 
pre^itate, and the ferric salt resembles ferric benzoate. 

The methylic ether, C^H^CIO^.CH*, formed by heating the silver salt with methyl 
iodide, ciystallises in beautiful laige white needles melting at 42*^. • 

Chlcrodracylio acid heated with sodium-amalgam is reduced to benzoic acid 
(Hartmann, Chem. [21, xii. 20^. 

Chtorodracvlic chloride, C®H^C1.C0C1, obtained by heating the acid with phos- 
phorus pentachloride to 140^, is a heavy fuming liquid boiling at 220^-222^. and 
naving the sp. gr* 1*377. Aqueous ammonia converts it into the amide, 0*H^G1.00NH^ 
which is sparingly soluble in cold water, more freely in hot water, and readily in 
alcohol and ether, crystallising from the latter in needles which melt at 170^.* The 
assiUde, 0*H*C1.C0NH(C®H*), crystallises from alcohol in brilliant needles melting 
at 194® (Emmerling). 

Orihochtorohenzoio or CMorosalylic Chloride, Cl. CO Cl, obtained by the action 

of phosphorus pentachloride on orthochlorobenzoic acid, Ix^ils at 236®-238®, and 
yields with absolute alcohol, an ether which boils at 237°-'24I*^, and is identical with 
that which Kokiil6 obtained from salicylic acid (Emmerling). 

Chlorosalylic acid, fused with caustic potash, yields a mixture of the potassium 
salts of salicylic and oxyben^oic acids, the lattei greatly predominating. With 
caustic eoda, about equal quantities of salicylate and oxyhenzocite are obtained. 
Paroxybenzoate is not formed in either ca.se (Olit, J, pr. Chcm, [2], xi. 386). 

Barium Orthochlorobemoate separates from hot concentrated solution in anhydrous 
•crystals (Limpricht a. v. Uslar, Jahresb, f. Chem. 1867,*p. 382fi KekuU, ibid. 1860, 
293) ; by spontaneous evaporation crystals are obtained with 3H*0, 1 mol. of which is 
given off over sulphuric acid; 100 pts. of water at 18*6® dissolve 31*2 pts. of the 
anhydrous salt. This salt is but veiy slightly soluble in hot alcohol, and nearly in- 
soluble in cold alcohol. 

The calcium salt is also very slightly soluble in hob, quite insoluble in cold alcohol. 
The lead salt is moderately soluble in boiling water, less soluble in alcohol than the 
/9-dichlorobenzoate (Boilstoin, Liebigs Annalcn, clxxi,x. 283). 

l^toblorobenKolo Acids, 0”H’Ol^CO^H (Bcilstein,^ Liebig's Annalen, clxxix. 
283 ; Aronheim a. Dietrich, Dcut. Cherd, Ges. Ber. viii. 1401 ; Schultz, Liebigs 
Annalen, clxxxvii. 260). Three of those acids are known, distinguished as a, 0, y. 
They are c.ll solid at ordinary temperatures, and have the following melting 
points : — , 

a fi y 

201® 166® 122® 

o^Dichlorobonzoic iicid is produced: 1. By jbhe actioiv^of chloride of lime solution 
on benzoic acid (Boilstein a. Kuhlberg). 2. By oxidising dichlorotoluene with 
chromic acid (B. a. K). 3. By heating dichlorobenzene trichloride, C*H*C1® CCl*, 

^ith water in a scaled tube (Beilstein). 4. By boiling dichlorohippuric acid 
with strong hydrochloric acid (Otto). 6. By the' action of phosphorus penta- 
ehloride on sulphochlorobenzoic acid (Otto). See Ist Stippl. p. 312. 6. "Sj the 

action of potassium chlorate and hydrochloric acid on benzoic acid (Claus, 2nd 
iSiippl. 163). 7. By heating parachlorobenzoic acid to 200® with SbCl* (Beilstein a. 

Kleberg, ibid.) 8. By oxidising d^chlorobenzene chloride, C*H*CI®.CHC1*, with 
chromic acid (Beilstein, Liebig's Annalen, d. 294). 9. By the action of alcoholic 

•oda on the crystals formed by treating toluene with excess of chlorine (Pieper, ibid. 
extii. 306). 

The fi-aeid (m. p. 156®) is formed: 1. By the action of hydrochloric acid and 
potassium chlorate on benzoic acid (Claus a. Pfeifer, Betti. Chem. Ges^ Ber, v. 668 ; 
vi. 721). 2. By the action of chloride of lime solution on benzoic acid (Clafis a. Thiel, 

Mi. viii. 960). 3. By Uie action of antimony pontaclilorido, or of potassium dichro- 

mutr and hydrochloric acid, on or/Anchlorobcnzoic acid (Beilstein a. Kuh^boig^ ^id. 
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yiii. 433, 810). * 4. B/ tiia action of SbCl* on^MOcUacDlMiai^ acid (Beilatain, UU. 

iv, 560). • 

y Dichloiobeosoic acid is fbnned» together with the a- and iS-acids, bj the action of « 
water on dichloxobeozotrichloride : 

C*H»a».CCl» + 2H*0 « 3flCl + 0»H*C1*C0*H. 

To pre|»are the dichlorobenzenetrichloride, chlorine gas is passed into dij toluene 
containing lumps of molybdenum pentachioride^ and heated to 70^ in a water-bath, 
and the dichlorotoluene thus form^, after being purified by distillation from molj^b- 
denum chloride, is exposed in the state of vapour to the further action of chlorine. 
The resulting liquid, subjected to fractional distillation, yields between 270^-280^, a ^ 
portion having the composition C*H*C1^.CC1* (Schults). 

This dichlorobenzotnchloride is not however a single compound, but a mixture of 
three isomeric compounds : for when heated with water in sealed tubes, it yields a 
mixtShre of three dichlorobensoic acids, which be separated through the medium 
of their barium salts. 

For this purpose the mixed acids are boiled with barium hydrate in a capacious 
flask, with upright condensing tube, till the whole is dissolved ; the excess of barium 
is removed b^ carbonic acid ; the filtered liquid is evaporated to dryness ; smd the dry 
rMidne is boiled for four hours ^ with absolute alcohol, which dissolves the barium 
dichlqrobensostes, leaving a residue of chloride and carbonate of barium. The alco- 
holic solution is then freed from alcohol by distillation; the barium salt which 
remains is dissolved in a large quantity of water ; and the filtered solution is left to 
crystallise. It then deposits fine needles of a barium salt, which, when decomposed 
by hvdrochloric acid, yields a d.ichlorobeQZoio acid, crystallising from water in very 
slender needles melting at 201^, and agreeing therein, as well as in the composition 
and properties of its barium salt, (C*H*Cl^COO)^Sa + 4H*0, with Beilstein*8 o-di- 
chlorobenzoic acid (Isf SuppL 312). 

The mother-liquor of this a-barium salt yields on further concentration spherical 
groups of small crystals, from which hydrochloric acid separatesanacid molting at 140^- 
146*^ and subliming at 146^ ; and further by submitting this barium salt to fractional 
crystallisation from water, repeated about fifty times, or more quickly by fractional 
crystallisation from alcohol, it may be separate into two salts, the acids ftrom which 
melt respectively at 166° and 126-6°, ^ 

The acid melting at 156^ crystallises frox^ water in slender needles, and sublimes 
in small but beautiful laminae. Its barium salt, (C*H*Ci’000)*fia 4 3H^O, cmtal- 
lises from water in warty groups of microscopic needles, from alcohol in smaii but 
somewhat more distinct crystals. In these respects the acid in ^ostion agrees with 
the ^-dichlorobenzoic acid obtained by Beilstein and by Glaus a. Pfeifer (2 m BuppL 
163). 

The ca2citimsa/^ of ^-dichlorobenzoic anid, (C*H*CL.CO*)’Oa -4 2H*0, crystal] ises 
in needles which do not give off their water in the exsiccator. It is easily soluble in 
water and in alcohol. 

The lead ealt, (C*H*CP.OO^)^b -i £f*0, obtained by precipitation, is quite 
insoluble in water, but somewhat soluble in filing alcohol, from which it is preoipi- 
tated in needles by water. It does not give off its water of crystal Lisat^n over sul* 
phuric acid. • 

The eopp^ ealt, (C*II*Cl*.00*)KJu 4- 2H*0, is a light blue precipitate, insoluble 
in water in alcohol. 

The ethf/lic ether , C*H*C’*.CO®C*H*, has a sp. gr. of 1*3278 at 0®, and boils at 271® 
(thermometer in the vapou^ , « 

The amide^ C*HH?F.CO^H^ forms shining needles melting at 166® (Beilstein). 

The barium salt, whenpurifi^ by onlya few crystallisations, yields an acid meltiiig 
at 160®, as found by Beilstein {lAAig'e Annalm, clxxix. 283); but after a great 
numW of crystallisations, it yields an acid melting at 166®, as found Claus and 
Pfeifer. 

The 7 -acid, which is formed by the process above described in larger quantity 
than the 3-acid, ciystallises from alcohol, better than from water, in small needles, 
melts at 126*6®, volatilises with vapour id iiater, and sublimes very beautifuUy even 
at a lower temperatore. 

The ammonium ealt, C*HHyP.OO^H*-i-HK>, formed by decomposing the barium 
salt with an equivalent quanrity of ammonium sulphate, crystallises in needles, and 
is partially decomposed by boiling with water into ammonia and free acid. 

Thb jjpiasnum saitt G*H*Cl* CX>*K+ 6HK),prq[»ared in like manner, is vety ^luble 
in water, and crystallises therefrom in splendid needles. 

The harium eaU, (C*H*C1KX)*)% + 3 JHK), czystallises from alcohol bettsr than 
iruffl irotor in stellate groups of small needles. 100 ports of water at 4® dissolve 
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4*2fii , ) or 1 pt. of -the anhydvm 

Balt aiBBolTOB in 24 parts of water. 

The einc salt, (0*H*Cl*00*)^n + 1 doM not ^orm distinct oiystals. It 

separates from its concentrated solution on boiling, and redissolves on cooling, like 
calcium dtrate. The zinc-salt of the d-acid behaTes in the same manner ; that of the 
flb-acid does not. 

The cuprio salt is a bine amorphous powder Teiy slightly soluble in water either 
hot or cold, also in alcohol. Heated to 200^ with water in a sealed tube, it decom- 
poses, with separation of cuprous oxide, and on opening the tube, carl^n dioxide 
escimes, with an odour of phenol. 

The chloride, 0*H*CP.G0^C1, is a limpid liquid boiling without decomposition 
at 244^. The amide, CKH*Gl^CO*NH^ crystallises from water and from alcohol in 
white needles melting at 106°. 

The following table exhibits a eomparatWe view of the most characteristic 
properties of the three * •, 

Bichlorohsneoia Aeids, 



The constitution of the three dichlorobenzoic acids is analogous to that of the 
dichlorotoluenes from which they are formed. Now the mixture of the three dichloro- 
toluenes (b. p, 196°), obtained in the manner 'above described, yields on further 
chlorination, not a mixture of isomeric compounds, but a single tricbloro toluene, 
0*H*CI*.CH*, which is crystalline, has a constant melting point (76°), and is converted 
by strong nitric acid into a single mononitrotrichloiptoluene melting at 88'6°. This 
shows that the mixture of dichlorotoluenes cannot contain more than three of these 
isomeric bodies, for a mixture of any foqr dichlorotoluenes would be convertible by 
further chlorination into more than ond trichlorotoluene. A mixture of three di- 
chlorotoluenes, oil the contrary, may yield only a single trichlorotoluene, and in this 
manner fov isomeric trichlorotoluenesSmiy be produced, as shown by the following 
table in which the group OH* is supposed tojjccupy the position 1, 

Trichlorotoluene 

having its chlorine- may be formed from the three dichlorotoluenes 
atoms in positions : whose chlorine-ato^ are in the pontions : 

% O 


I. 

2 : 


2 : 4 

3 : 4 

II. 


2 : 6 

2 : 4 

4:6 
(op 3 : 4) 

III. 

2 ; 3 ; 5 

2 : 3 

2 ; 6 

3 : 6 

IV. 

2:3:6 

2 : 3 

2 : 6 

3 : 6 
(or 2 ; 6) 


Two other trichlorotoluenes (raakipg up the six possible modifications) may be 
formed from the two following pairs of dichlorotoluenes : 

V. 2:4:6 — 2:4 2:6 

VI. 3:4:5 — 3:4 8:6 

These last may, however, be left out of consideration, as each of them is 
prodhciblo from only Udo dichlorotoluenes, whereas the mixture oF dichloro- 
toluones. formed by direct chlorination of toluene contains three isomeric modi- 
fications. Moreover, two of the Ural four trichlorotoluenes may also be excluded; 
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for since all the three dichloiotolnenes in the muctnre yield one and the same tri- 
chlorotolnene, and since the monochlorotoIuenSi which is the first product of the 
chloiination, consists for the xfiost part of the (1 : 4)-comp<mttd, it follows that one of 
the chlorine-atoms in the trichlorotolnene must iJso be in the position 4. Oonse- 
quentlj the triohlorotoluenes III. and IV. may be left out of consideration. There 
remain, then, only the arrangements I. and II. Now, whioheyer of these be adopted 
as representing the cuuslitution of the trichlorotoluene, that of two of the dichloro- 
toluenes (under B and 0} will be the same, yis. 2 : 4 and 3 ; 4 (or 4 : 6), The third 
dichlorotoluene (under A) will, however, have the constitution 2 ; 3 or 2 : 5, according 
as the trichlorotoluene is represented by the formula 1. or II. 

It remains then to be considered wluch of the three dichlorobensoic acids, mdting 
respectively at 201*^, 156^, and 126*6^, is analogous in constitution to each of the 
three dichlorotoluenes 2 : 4, 3 : 4, and 2 : 3 or 2 : 6. 

Now a-dichlorobenzoic acid (m. p. 201**) is formed chlorination of ordinary 
(1 : 3)^hlorobenzoicacid, and by heating (1 : 4) chlorobenzoic acid with SbCl* (p. 232); 
hence it must have the constitution CO^H : Cl : Cl »• 1 : 3 ; 4, 

Secondly, /9-didilorobenzoic acid (m. p. 166®) is formed by the action of Sbd* on 
ortho- and on meta-chlorobenzoic acid (p. 262) : hence it must have the constitution 
1 : 2 ; 3, or 1 : 2 ; 5 ; most probably the latter, inasmuch as uusymmetrieal modifica- 
tions appear to be always more readily formed than consecutive modifications. 
Consequently, there remains for 7-dichloiobeDzoic acid (m. p. 126*6°) only the 
constitimon 1:2: 4.* 


CO'H 



a 

m. p. 201® 


CO^ 


ocm 




166® 


CO»H 



a 


126'6® 


lodobenxoio ikold (par*x»), C*.H’.I.H.H.COOH. This acid, which 
Komer obtained by oiidatioii of p^-iodotoluene, has been further examined hy 
H. Glassner (Veut, CKem^ Ges. Ber, yiii. 662), wLo has prepared the following salts 

C*H^I.CO*Na + ^11*0. Colourless easily soluble needles. 

C”H*I.CO*K. Long, thick, apparently rhombic plates, very soluble in water. 

(C*H*ICO^)K>i -f producM from the sodium salt by decomposition with calcium 
chloride, forms easily soluble rhombic plates. 

(C*H^ICO*)^r + H*0. Colourless nacreous lamina, erystallising easily from 
water, « - 

(C*H*ICO*)*Ba+ l^H^O, Long rhombic plates. 

(C*H^ICO*)*Zn + 4H*0. Cubiform, appare tly rhombic crystals, not very soluble. 

Parmodtmeianitroheneoio aeii, C*.H*,I.NO*.H.OOOH, obtained by beating para- 
iodobenzoic acid with filming nitric acid, is nearly insoluble in water, easily in alcohol, 
and melts at 210®. Its y>ot(usium 9alt, C*H*I(NOp.CO*K + H*0, forms *4x-8ided 
prisms truncated by rigbt-angled faces ; very soluble in water. The sodium salt, also 
containing 1 mol. water, cxystallises in sulphur-yellow easily soluble needles. The 
calcium salt, [C*H*l(NO^)GO^Ca+ 1|H*0, mrms yellow needles which easily cxystal- 
lise from water (Glassner). 

jritro ben sole A€lds^ThemonobitrobeDzoieacid,0*H^O^COOH, obtaineil 
by Gerland's process (i. 666) — also recommended by Kmut (Jahrssb, 1860, 209)— 
which consists in ablating a mixture of 1 pt. benzoic acid and 2 pU. nitre with 8 pts, 
strong sulphuric acid (sp. gr. 1 *640) is a mixture of the three modifications, ortno-, 
meta^, and para-, the second being the most and the third the least abundant. 

For the separation of the three isomcrides the following method is given hj Griess 
{Deut, Chem, Oes. Bar, viii. 626). The mixture of the three is heated to boiling with 
20 parts of water, and the solution neutralised with baryta ; on cooling, barium meta- 
nitrobanzoate separates ; the filtrate is evaporate almost to dryness, and the residue 
treated with small quantities of cold water, whereby barium orthonitrobeneoate is 
readily dissolved, a mixture of the para- and meta-salts being left : this is again boiled 


• This last constHntloa has, however, been gmcsallj saslgned to the /i-seld, an aeooiintif of its 
formation ^ oSIdaaoa of dfchlorototnoDe, which wae eapposed to be amlxtnro oConlr two immerkbs, 

1 : S : 4 and 1 : 3 : 4, derived from parachlorotolnene. Bnt as thla dlchlcnrotoloene Is now known to 
be a mixture of three isonierldaB 1 : S ; 4, 1 : 3 : 4 and 1 : 3 : 5 (or 1 : 3 ; S), ft is Just as peobshle tbel 
the ;3-aoid is formed £ram the thitd of thw dJ^omtotiMaas as from the moon 1. 
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with about 20 parts of -water, and afier cooling the filtrate is acidified with hydro- 
chloric acid, whereby paranitrobonzoic acid is precipitated as a white crystalline mass. 
After recry stallisation from hot water, this para-acid mdlts at 238° (Fischer gives 240°, 
Widnmann 238°, and Mills 236°-240°, as the melting point); the barium salt is 
[(FHXNO*)0*]*Ba + 5H20, as found by Wilbrand and Bdlstein in the case of the 
product from nitrotoluene {Yst Suppl.ZX^'), The corresponding amtdo-ocie? melts at 184° 
(Wilbrand and ^ilstein found 186°-187®). 

The amido-acid from mefanitrobenzoic acid (m. p. 141^) was found by Griess to 
melt at 172°-174°, as observed also by others. 

OrlhonUrohenzoie add may be prepared by oxidising ortbonitrocinnamic acid with 
chromic acid {2nd SuppL 164) ; but according to Widnmann {Deut, Chem. Ges. Ber. 
viii. 303) this process does not yield satisfactoi^ results. A better method is that of 
Weith {ibid* vii. 1058), which consists in oxidising orthonitrotoluene : the oxidation is 
slow, but the product is satisfactory. The ortho-acid thus obtained melts at 143°. 

Double Salt of Daranitrobensoic and Bemdo Acide* — ^When equivalent quantities 
of those two acids are boiled with water and barium carbonate, and the solution is 
C®H* CO® ) 

evaporated, the 4^2^02^ CO®[^ crystallises out. The same salt is formed by 

spontanoous evaporation at common temperatures, and this shows that it is nob a 
mixture but a definite compound, inasmuch as both the benzoate and the paranitro- 
benzoate of barium crystallise at ordinary temperatures in combination with Vater. 

The double salt forms groups of hard, colourless or yellow lenticular crystals. 
During its formation a few crystals of the paranitrobenzoate occasionally appear : 
these in one case disappeared, while the crystals of the double salt increased 
(IT. Salkowski, Deui, Chem. Ges, Ber. ix. 24). 

Other modifications of mononitrobenzoicacid are described by Fittica Chem, 

Ges, Ber. viii. 252, 710, 741 ; ix. 788 ; x. 481 ; Chem, Soc. Jour. 1875, 766 ; 1876, ii. 
412, 483; further, Ueber einige beaondere Benzolderivatej "Ni&ThMTgf 1876). (1.) An 

acid molting at 136°-1 36°, formed by treating benzoic acid, at a temperature not 
exceeding 60®, with nitric acid of ap. gr. not higher than 1*42, mixed with an equal 
quantity of sulphuric acid. By reduction i^^ith tin and hydrochloric acid it yields an 
araido-acid melting at 154°-168®. (2.) An aqid molting at 127®, obtained by the 

action of ethyl nitrate on an ethereal solution of benzoic aAd in presence of strong 
sulphuric acid. Its salts are eosi^ converted by recrystallisation into ordinary 
metanitrobenzoates, bub the free acid is not thus convertible. Its ethylic ether is 
identical with that of the acid melting at 135® (!) (3.) An acid melting at 128° 

obtained by dropping a mixture of benzoyl chloride and ethyl nitrate in molecular 
proportions into strong sulphuric acid at 70°-80°. It crystallises in needles which 
dissolve in 284*6 parts of water at 16°. (4.) An acid melting at 142®, obtained by 

dissolving benzoic acid (1 mol.) in strong sulphurjc acid, and dropping ethyl nitrate 
into the solution. It closely resembles the last, but requires for solution 309 parts of 
water at 16°. (6.) An acid melting 178°, formed, together with metanitrobenzoic 

acid and the modification melting at 127°, by adding a mixture of 1 pt. benzoic acid 
and 2 pis. potassium nitrate to 2 p1^. of sulphuric acid. It is contained in the most 
solubler portion of the mixture oi barium salts obtained by neutralising the acid 
mixture with baryta, and may be fnrthe:^ purified decomposing this barium salt 
with hydrochloric acid, reerystallising the precipitated nitrobenzoic acids, and dissolv- 

them in milk of lime. On evaporating the solution, the calcium salt of the fifth 
modification separates out first. The free acid crystallises in yellowish microscopic 
needles, slightly soluble in cold water, easily in hot^ater, also in alcohol and ether. 

It is, however, very doubtful whether these so-called modifications obtained \>y 
Fittica are really definite substances, and the observations of other chemists render it 
more probable that they arc merely mixtures in various proportions of ortho*, meta-, 
and y>ara- nitrobenzoic acid with one another or with benzoic acid itself. It is known, 
indeed, that mixtures of organic acids (like certain metallic alloys) do not always 
melt at temperatures intermediate between the melting points of their components, 
but sometimes l)elow the melting point of either constituent. Thus according to Leo 
Liobermann {Deui. Chem, Gee. Ber,^. 1038), a mixture of equal parts of; 

m. p. ^ ro. p. 

Oxyhenzoio acid 200° and Faraoxybenzoic acid 210° : melts at 143°-162°. 

Oxj'bonzoic acid 200° and Salicylic acid 166°; „ 120°-134°, 

Faraoxybenzoic acid 210° and ^licylic acid 135°: „ 140°-160°. 

Similar results have been obtaiined with mixtures of stearic acid and some of iU 
lower homologues, viz., palmitic, laurie, and myristic acids (v. 414). 



BENZOIC ACIDS (DINimO-). 257 

The foUowingobseiTations on the melting points of mixtures of the three mononitro* 
benssoie adds hare been madefy E, Widnmann (JMuf, Ckem, &e8* ISer, x. 1160);— 
Ortho Heta Pm» 

M. p. 140®-141® 238® 

A mixture of the three acids in molecular propordona melts at 187^-180®.* 


Mdting Points of wtrious Mixtures tf ike Acids OHXNO*).CO*H. 


Proportions of the 
mixture 

Ortho and Meta 

Ortho and Para 

Meta sjtd Psim 

10 : 10 

92®-98® 

200® 

l66®-206® 

^0 : 6 

126® 

142^^190® 

127®-186® 

10: 1 

140® 

141® 

130®-! 66® 

10 ; 0-6 

144® 

146® 

i8a”-i8a» 

10 ; 0*2 

146® 

147® 

184®-186® 

10 : 01 

146® 

146® 

186® -136® 

O'l : 10 

132®-! 36® 

233®-237® 

236®-288® 

0*2 : 10 

132®-134® 

228®-235® 

2S2®-237® 

0*^: 10 

132®-.140® 

222®-23d® 

216®-284® 

1 : 10 

132®-133° 

200®-235° 

206®-230® 

6 : 10 

112® 

210®-216® 

196®-208® 


It is easy to see how mixtures of this kind may exhibit the melting points of 
Fittica's nitrobenzoic acids. 

Further, L. Liebermaim finds (foe. ct<.) that when the mixture of o-, f»-» and p- 
nitrobenzoic acid obtained by Gcrland*s method (p. 256), melting between 116® and 
120®, is dissolved in hot water, the solution neutral ise^ with baryta, and the first 
portion of the barium salt which crystallises out decomposed by hydrochloric acid, a 
nitrobenzoic acid is obtained which melts at 122®. On converting this acid into barium 
salt and proceeding as before, an acid«is obtained melting at 126® : and another repeti- 
tion of this scries of processor yields an acid melting at 127®r lihe one of the nitro- 
acids described by Fittica. • 

In operating on considerable quantities. Liebennann obtained, by one more crys- 
tallisation of the barium salt, two acids, that which separated from the barium salt, 
which crystallised out first, being pure motanitrol>eiizoic acid (m. p. 141®<>142®), 
while the acid obtained from the salt which crystallised out gradually as the solution 
cooled, was found to melt at 1 36®. On recrystallising this acid from hot water, the 
portion which separated at once from the hot solution likewise exhibited the charac- 
ters of pure metanitrobenzoic acid, while the latnr-crystallising portion separated into 
two parts, the more soluble exhibiting the duwacters of ortbouitiobenzoic acid, and 
beginning to melt at 146®-147®, while the less soluble acid melted at 200®, and 
doubtless consisted of paranitTobien^oic acid mi:|^ witli one of the other modifica- 
tions. a 

Miiltrolieiisoio Acid* C*H’(N03)^CO‘H. Of the six possible modifications of 
this acid fonr are known, viz., those represented by the following formulae ; 

CO»H CO-H CO»H CO*H 



KO» 

m. p. 140® m. p. 170® m. p. 202® m. p. 204® 


One of these has long been known, namely the acpl which Cahours obtained by treat- 
ing benzoic acid with a mixture of nitric and sulphuric acids, and Griess {Ikut, Ckein, 
Qes, j9er. vii. 1228) has lately obtained three others by similar treatment of ortbo- 
nitrobenzoic acid. 

When 1 pt. of orthonitrobenzoic acid is gradually added to s warm mixture of 
equal parts o| fuming nitric and sulpburie acids, and the liquid is then gently boilgd 

• In thte stotemeni and in the table Immedlatelj foilowtng, where wide Intervals of ttanpentore 
am Riven, the lowest tempenituca denote the conttneooemetit of aof tenlnir# the hlidMSt the pelnt 
at whJ^ complete fushm ti^kea place. 
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toir about a quarter of an hour, a product is obtained consieting of three dinitrobeu- 
Eoic aeids, together with styphnic acid ; and on polling the acid liquid into cold 
water, a l^e portion of these acids separates at once as a yellowish gr^ually solidi- 
f^ng oil, the remainder separating only after three or four weeks. The acid mother- 
liquor is then to be separated by filtration, and the adhering nitric and sulphuric 
acids remoTed by washing with water. The four nitro-acids are next converted into 
barium salts, by boiling the aqueous solution with barium carbonate, and these salts, 
which dif^ considerably in solubility, are separated from one another by cxystallisa- 
tion. They are then decomi^sed by hydrochloric acid, and the acids thereby sepa- 
rated are purified by crystallisation from water. 

The three dinitrobenzoic adds thus obtained are represented by the formulae 
1, 2, and 3 above given. 

(1.) CO^H ; KO^ : NO* » 1 : 2 : 5. This modification is sparingly soluble in 
cold, more freely in hot water, aivl ciystallisee in needles or large prisms melting at 
140®. Its banum salt, [C’H*(N0*)0^*Ba + 4H*0, is sparingly soluble in hot 
water, and crystallises in white oblong six-sided laminae. By reduction with tin and 
hydrochloric acid, this acid is converted into a-diamidobenzoic acid, which by dry 
distillation yields paradiamidobenzene, melting at 140® (2nd SuppL d47). Hence the 
two NO*-groups in this modification of dinitrobenzoic acid must stand to one another 
in the para-position 1 : 4, and consequently the acid must have the structure 
1 t 2 ! 0. ^ 

(2.) OO* : NO* : NO*— 1 : 2 : 4. Another of the three dinitrobenzoic acids obtained 
as above crystallises fri>m boiling water in long white, highly lustrous, brittle needles, 
or by slower crystallisation in large rhombic tables or prisms. It is about as soluble 
in water as the preceding modification, with which it also shares the property of melting 
under boiling water. It melts in acapillai^ tube at 1 70®. When treated ^tih tin and 
hydrochloTic acid it does not yield a diamidobenzoic acid, but is reduced at once to 
mefadiamidobenzene melting at 63®. In this respect and likewise in its melting 
point it agrees with the dinitrobenzoic acid which Tiemann a. Judson obtained by 
oxidising ordinary dinitrotoluene. 

Now this dinitrotoluene is formed by , ^nitration, both of ortho- and of jiaranitro- 
toluene (2nd SuppL 924), and must, therefore, have the constitution represented by 
the formula, 1 : 2:4 or 0*.0H*.N0*.'H.N0*.H.‘H, and the c^initrobenzoic acid formed 
from it by oxidation of the group CH* to 00*H, must have a similar constitution, 
viz,, that represented by fig. 2 (p. 237)# Its two nitiyl-groups are in the meta-posi- 
tion with regard to each other, and, accordingly, it is converted by reduction into 
meta-diamidobenzene. 

The barium salt of this acid is moderately soluble in cold water, and ctystallises 
in white rhombic or hexagonal plates, which in the air-dried state have the composi- 
tion [0’il*(N0*)*0*]*Ba + 3H*0, and give off their water of crystallisation at 
about 180®. 

(3.) CO* : NO* : NO* — 1:2:6. The third dinitrobenzoic acid obtained by 
nitration of orthonitrobenzoic acid, ib^veiy soluble in boiling water, and solidifies on 
cooling from a boiling solution to a pulp of white felted needles melting at 202®. It 
does not melt under boiling water, ^hke the two acids previously described. Like the 
other (dinitrobenzoic acids, it tastes intensely bitter. 

By dry distillation it is resolved into carbon dioxide and metanitrobenzene ; and 
by tin and hydrochloric acid it is at once reduced, like the preceding modification, to 
metadiaimdobenzcne. These last two reactions show that the two NO*-group8 in this 
acid are in the^ meta-position with regard to one another, and as one of them occupies 
the position 2, and the acid is dififerent from the la^lc, the other NO* must be at 6, as 
represented in fig. 3* 

The barium salt of this acid is very soluble oven in cold water, and cpystalliseB 
only from a solution evaporated to a synu). It^forms white needles, which in the 
aii^ried state have the composition [&Ii*(NO*yO*]*Ba+ 2H*0, and give ofiF their 
water at 130®. At higher temperatures the salt decomposes in the same manner as 
the free acid, yielding carbon dioxide and dinitrobenzene ; this decomposition indeed 
takes place to a slight extent even in the boiling of the aqueous solution. 

(4.) CO* : NO* : NO* =s 1 : 8 : 6. This is the ordinary modification, first 
obtained by treating benzoic acid with a mixture of fhming nitnc and sulphuric acids 
(Cahonrs. i. 667), afterwards by the action of the same mixture on ordinary (meta-) 
nitrobenzoic acid (Tiemann a. Judson ; Muretow, 2nd Suppl. 166). It melts at 202® 
(T. and J.) ; at 204®-205® (Muretow). By tin and hydrochloric acid it is reduced to 
u^iamldoMUzoio acid (p 278), the hydrochloride of which, when distilled with excess 
of .barium hydrate, gives off Me/odiamidobenzene (m. p. 62®-63®). Consequently its 
two nitro-groups are in the meta-position relatively to one another; but since it is 
formed by nitration of metanitrobenzoic acid, one of these groups must be in the 



BENZOIC ACIDS (AMIDO-)- • 269 

meta^poaition inth zegazd to the carboxyl i hence this modification la represented by 
the rnnmetrical formula, 1 : d (fig. 4). 

Tne other two dinitrobenzoic adds in which the two nitiyl-grou^ are in the ortho 
position with regard to each other, vis. 1:2:3 and 1:3:4, have not yet been 
obtained ; but the corresponding diamidobensoic acids are known, vis. those which 
Qriess has designated by the letters and y (2nd Sup^L 1 187). 

On comparing the formulae of the dinitrol^nzoic acids wi^ those of the diamido- 
benzenes, or phenylenediamines, it will be observed : ( 1). That paradiamidobenaene can 
be formed £rom only one of the dinitrobensoie acids, vis., 1 : 2 : A ; (2). That orthodi- 
amidobenzene might be formed f^m two of these acids, vis. 1:3:4 and 1:2:8, and 
has actually been farmed from the oorrespon^ng diamidobensoio adds (2nd Suppl, 
947,* aod (3), that metadiamidobensene may be formed from either of tne 

three acids, 1 : 2 : 4, 1 : 2 : 8, and 1:3:5. AU these conclusions are ftiUy confirmed 
by experiment. . 

AmldobanBole Aoida« C'H^O'-G^H^NH^.OOOH. JcHtm of Cka^on 
Sulphoehloride on Metamidobongoio Acid , — ^When 1 mol. amidobenzoio add is diMsted 
* with 2 mols. CSCl^ in a flask with reflux condenser heated in the water-bath, hydro- 
chloric acid and carbon oxysulphide are abundantly evolved, and the solid mass 
which remains after twelve hours’ digestion, yields to carbon sulphide, as prindpal 
product, a substance which, after repeated crystallisation from hot dUute alediol, 
exhibitS^the composition of thiocarbamidobenzoic acid, 0S(2SB.C*H*00*H)*, 
and is identical with the compound described as dicarhoxyUhiooa/rhamUdCf which 
Merz a. Weith obtained by treating amidobenzoic acid with an aloohelio solution 
carbon disulphide (2nd Suppl. 166) : — 

2LC.H*(NHO.CO*H] + CS* - II« + 

2[C.H‘(NH.).CO*H] + CSa* = 2HC1 + C8j^g;g;gg;| 

The same compound is obtained, with evolution of ammcyiia, by heating amidobeneoie 
acid to 130^ with thiocarbamide (sulphurea) : 

2[C‘H^NH.).CO«H] f CS^NH«> - 2KH' + OsJnh;0*H‘0^ 

Thiocarbamidobenzoic acid is a white powder which cakes together at 800**, and 
decomposes at a higher temperature. It is neai^y insoluble in water, rather difficult 
of solution i n alcohol, ether, chloroform, and carbon disulphide. It dissolves wiflioat 
decomposition in dilute al^lis, but is decomposed by boiling with strong potash- 
ley, forming potassium sulphide. When digested with rncrourio oxidSf it exdu^es 
its sulphur for oxygon, and is converted into car bamidobeusoie a^d, 

i -MrTT 

KH C^H^CO^H ’ remains, on evaporation of its aqueous solution, in crys- 

talline crusts, somewhat sparingly soluble in water (Rathke a. Schiifer, lAMfo 
Annalen, clxix. 101). 

The portion of the product of the action of carbon sulphoehloride on amidobenzoio 
acid, which is insoluble in carbon sulphide, consistesfor the most part of the hydrochloride 
of amidobenzoic acid, which may be dissolved out by water, and there then remains a 
body insoluble in all the ordinary solvenUf, and forming a reddish powder when dry. 
This last compound consists of thiocarbimidobenzoie acid (SeffMoHtoioawre)^ 
CS=:N — It may also be prex>ared ^ heating amidobenzoio acid, or tfadb- 
carbamidobenzoie acid, with cm bon sulphoehloride to 140*^ in sealed |;nbez 

OfH.(NH.).COOH *+ CSOl* - 2HC1 + C8».Cm».C0*H 
®1nh!c«‘;CO« 2(08» C^* CO^) ; 

also by boiling thiocarbamidobenzoic acid with hydrochloric acid, hydrochloride of 
amidobenzoic acid then passing into solution : — 

®®|ra.OB‘Oo^ + Ha - c.H«(NH«)0o.H.Ha + asH.cmiooui. 

Thiocarbimidobenzoie acid is soluble in alkalis and alkaUne carbonates, and 
difficult to puriiy, Its.poiash-solution, mixed with a lead salt, deposits lead sulphide 
when heated. Heated with water and mercuric oxide, it fonns mercuric sulphide, 
and a bod^ easily soluble in water, probably the cyanic acid darivative, 
CON.C*!H^09*H. Thiocarbimidobenzoie acid unites with aniline, forming the com- 
pound 0O*H* melts at 190^-191*’, and is idsntfieal with ths pto- 

■ la the artkla ben oiled tfae pnflzw meut> and para- sboiild be nemod. 
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duet which Merz a. Weith obtained (I)^. CAem. Ge$» Ber* iti. 244), addition 
pbenyl-thiocarbimide, CSK.C*11^, to amidobenzoic a^. This body is insoliible *io 
acidly but dissolTes in alkalis, alcohol, ether, and hot water, and separates from the 
solutions on cooling in woolly masses. The sulphur in it is loosely combined, 
and may be removed by silver nitrate in alcoholic or ammoniacal solution (Rathke a. 
Schafer). 

Pabamioobbvzoic or Amidodbactbic Acid, 

According to A. Michael {Deut. Chem. &eB, Ber, x. 676), this acid may be advan- 
tageously prepared by boiling its oxysuccinyl- or oxyphtbalyl-derivative (»»/ra) with 
hydrochloric acid, and decomposing the hydrochloride of amidodracylic acid, which 
separates on cooling, with sodium carbonate. On acidulating the resulting solution 
with acetic acid, a precipitate of amidodracylic acid is obtained, melting at 186^- 
187^, and exhibiting the other characteristic properties of the acid. 

Caysuccin^lparamidobeTizoio Acid, C"II"NO* « ^ is 

prepared by the action of potassium permanganate in hot aqueous solution on para- 
tolylsuccinimide (obtained by fusing 1 mol. solid toluidine with 1 mol. succinic acid). 
The quantity of permanganate theoretically required is 2 mols. to 1 mol. tolylsuccini- 
mide, but it is best to use an excess ; with 6 mols. permanganate a uniform product is 
formed, which may be obtained pure by onacr^rstallisation. If, however, the ^acid is to 
be used for the preparation of paramidobensoic acid, a sufficiently pure product may 
bo obtained with 4 mols. of the permanganate. 

Oxysuccinylparamidobenzoic acid crystallises in yellowish needles melting at 226**- 
226**. (The isomenc acid which Murotow obtained (2nd SuppL 1103) by fusing 
succinic acid with metamidobenzoic acid melts at 236**.) It is sparingly soluble in 
cold, somewhat more readily in hot water, moderately soluble in cold, very easily in hot 
alcohol. It dissolves also very easily in ammonia, and the solution, when concen- 
trated, yields a crystalline amiTionium salt, very soluble even in cold water. The 
barium salt is obtained, on .mixing the concentrated solution of the ammonium salt 
with barium chloride, as a white precipitate, which dissolves in hot water, and sepa- 
rates therefrom in fine crystalline laminse.* The lead and cop^ salts, obtained in 
like manner, are also soluble in hot water ; the copper salt is light blue ; the silver 
salt is a white fiooculent precipitate. 

Oxyphthaly^aramidoheneoio acid, C**H**NO* » H*.C00H ^ 

prepared in like manner by oxidation of paratolylphtbalimide, with per- 

manganate (8 mols.) ; the oxidation proceeds slowly, as the tolylphthalimide is but 
slightly soluble in hot water. The acid, purified by crystallisation from dilute alcohol, 

. melts at 276**-277**f and is neariy insoluble in water, whether hot or cold. Its salts 
resemble those of the preceding acid (Miclmel). . 

SromunidobanBoio Acids. C*][i®Br(NH*)CO®H. Two bromoTtkamidoben- 
eoic acids, a and iS, have been prepared by Hubner a. Peterman {1st Sup^l. 317). 
They are obtained bv reduction^ of the corresponding bromonitrobensoic acids 
{ibid. 3^.6), with tin and hydrochloric acid, care being taken not to continue the action 
too long or to allow it to become violent, otherwise debrominatiou will take 
place. 

The o-acid, C* CO*H.NH®.Br.H", forms colourless needles sparingly soluble in 
water, melting at 171®-172**, The copper salt, ly H®Br(N H®)COT®Cu, is pale blue 
and insoluble in water (Hubner a. Petermaim). Tl^ silver salt, G*H*Br(NH®).CO®Ag, 
prepared from the ammonium salt with'' silver nitrate, crystallises from water in 
colourless easily soluble needles. The lead salt forms a white precipitate insoluble in 
water (Hubner a. Heinzerling, Zeitschr. p. Chem, 1871, 709). 

The ^-acid crystallises in long colourless needles, rezy slightly soluble in water, 
melting at 208*^, and volatilising without decomposition. 

By the further action of tin and hydrochloric acid, or better by agitating the free acids 
or their copper salts with sodium-amalgam and a large quantity water, both these 
bromamido-acids are converted into orthamidobenzoic (anthiwilic) acid (Hubner a. 
Petermann.) 

Parabromometamidoheneoio acid, C®.CO»H,H.NH®JBkH®. Paiabromo- 
bensoio arid is converted by nitric acid into metanitropaiabromobeasoio acid (m.p. 
199**), and this, by the action of tin and hydrochloric acid, into jte corresponding 
bromamido-add, which crystallises from hot water in colourless anA^^ht yellow 
needles meltinff at 220**-221*^. It unites both with bases and with hcUb. 

The kydroAloride, 0*H*Br(NH®)CC)*HJB[Cl, forms colourless needles' which turn 
brown on exposure to light. The nitrate, C®H*Br®(NH®)GO®H.NO*H, forms light 
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bfown flat needles, 'whidi are decomposed bj water. The mitpkaUp 
foms small needles likewise decomposed b^r water. 

The copper iCVBF(KH>)GO*lsCiL, is a bright green precipitate scarcely 
soluble in water. The Uad eali, [C*H*Br(NH*)CC>*pPK » a white precipitate in- 
soluble in water (A. Burghard, DeiU. Chem. €ha. Bet, riii. 5dS). 

Di’iodometamidohensoio acidSf 0*H*I^NH^).COOH. — ^When an alcoholic 
solution of metamidobenzoic acid, molting at 173^, is treated with iodine and mercurio 
oxide, mercuric iodide is formed, and the solution acquires a deep red colour. On 
evaporating the alcohol, extracting the residue with a dilute solution of soda, and 
adding an acid to the filtered liquid, a riolet-coloured precipitate is obtained, consist- 
ing otrolourless microscopic ne^es and a red amorphous substance. On boiling 
this with benzene, the crystals dissolve and separate again on cooling in red needles, 
which may bo purified by treatii^ their alcoholic solution with animal charcoal, and 
precipitating with water. As, however, the crystalline substance is only slightly 
soluble in benzene, it is better to dissolve the crude product in alcohol, and to purify 
it by fractional precipitation with IojkI acetate, which throws down the red compound 
first. The substance which crystallises in long colourless needles is di-iodamidoben- 
zoic acid. It is insoluble in water, but easily soluble in alcohol or ether, and in eolu* 
lions of the caustic and carbonated alkalis. The pot<ugium salt^ 
obtained by mixing alcoholic solutions of the acid and of potassium hydrate, crystal- 
lises inflong silky needles (R. Benedikt, DetU, Chem. Ges. ner. viii. 334). 

The red amorphous substance above mentioned is di-lodazobenzoie acid, 
(p. 274). 

aritramidolienmoio Jkoids* C*H^(NO<)(NH*).CO*H. 1. The three nitramido- 

bonzoic aci<ls derived from uramidobenzoio acid have been already deecribed (2nd 
Suppl, 1187). As uramidobeuzoic acid is a derivative of (1:3) amidobenzoic acid, 
those three nitramido-acids must also have their NH*-groupin the meta-position with 
regard to the CO^H ; and since they are converted by reduction into the three diami- 
dobenzoic acids, a, /3, y (p. 273), their constitution must-be represented by the follow- 
ing formulae : 

00*H CO»H CO*H 



KO* 
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2. Nitroparamidohensoief or Nitramidodracplic acidt C*H*N*0* 
C*.CO*H.H.NO*.NBP.H*, is produced: (1.) By treating uramidodracylio acid, 
C«H*N*0* (2«df 8uppL 136), with fuming n'iric acid, and boiling the resulting di- 
nitrouiumidodracylic acid with water : 

C«H*(NO0*N»O* = CO* + ’•N»0 + CUl-NH)* 

(Griess. Veut, Chem. Ges. Ber. v. 835). •• 

(2.) By the action of aqueous ammonia at high temperatures on nitranisie acid, 
C*.COTI.H.NO*.OCH*.H*, the group OCH* being replaced by NH*. Nitranisie acid 
or its sodium salt is heated in .sealed tubes to 140^-170*^ for three or four hours with 
aqueous ammonia of sp. gr, 8i92-0*93. » When the tubes are cliazged with free 
nitranisie acid, a deep brown-red liquid is produced, which, when poured out, solidifies 
immediately to a mass of red crystalline laminae of ammonium nitramidodcacjlate, to 
be purified by repeated erystall^tion from water containing a little ammonia, the 
salt being somewhat decomposible by pure water. When the tubes have been 
charged with sodium nit^uisate, the resulting solution, after the expulsion of free 
ammonia by heat, is mixed wilb hydrochloric acid, the crude nitramidodracylic acid 
thereby precipitated is dissolved Jn ammonia, and the ammonium salt purified as 
above (H. Salkowski, Liehi^a Annalenf clxxiii. 42). 

Nitramidodsa^lic rad, separated from the ammonium salt by hydrochloric acid, 
is a deep yellow ]^idOipitate which eiystallises from alcohol in tufts of reddish-yellow 
needles, m^tiog at 284^. It dissolves but slightly in alcohol even at boiling heat, 
and is insolulfriii mter (Salkowski) ; slightly soluble in hot water, more easily io 
boiling aldjiipi (OiiM). After dzyii^ in the air it does not lose weight at 100^. • 
JpetaaoiSkt^ BUrkmi^^ 0*H*(N0*X^H*).C0*K -r H*0, prepared satant- 

ing the acid sospeiided in hot water with the calculated quantity of potassium ear 
bonate, crystsluses in orange-colouzed pnsms. The aikter aait is a viscid yellow 
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precipitate. The barium salt, [0^*(NH^(NO*)]^ is but slightly soluble 

in hot water» and separates on cooling, in orange-coloufod ne^es and laminse. 

Kitramidodracylic acid, though not identical with either of the nitramidobemsoie 
acids described by Griess, neyertheless giTes, when treated with tin and hydrochloric 
acid, the same diamidobenzoic acid, melting^ with decomposition at 210^, that is 
obtained by reduction of /S-nitro-amidobenzoic acid iix>m /3>dinitro-uramidobenzoic 
acid (27id Suppl. 1187): hence it has the constitution represented by the first of the 
fbllowing figures ; — 



Nitro-amidodracylic add, boiled with potash-ley, is conyerted, by exchange of NH* 
for OH, into oxynitrodrac^lic acid, G'.CO^H.H.NO^OH.H^ and 3-nitro-amidnbenzoic 
add, in like manner into the isomeric compound, jS-oxynitrobenzoio acid, 
C* CO*H.H.OH.NO*^.H* (Gness, ). 

Hitro-amidodracvlic acid, treated with a cold solution of nitrous acid in absolute 
alcohol, is converted into nitroparadiazobenzoic acid, (C’^H*(N0*)*N*0*, which, when 
boiled with alcohol, ^elds ordinary (meta-) nitrobenzoic acid. If, on the other hand, 
the nitroamidodrac^lic acid be treated with a warm alcoholic solution of nitrous add, 
a semi-fluid msuas is formed, partly soluble in ammonia, the insoluble portion ap- 
parently consisting of ethylic nitrobenzoate, while the ammoniacal solution mixed with 
hydrochloric acid fields a precipitate which, when purified by recrystallisation and 
finally by distillation with water, melts at and has the composition of ohloro- 
benzoic acid, CTH^OIO* (SalkowsM), 

Kiito-^ihamidobenjifoie aoids , — Of this acid there are two known modifica- 
tions (a- 1 : 2 : 5 and iS- 1 : 2 : 3). Th^are formed by heating the diethylic ethers of 
the corresponding nitrosalicylic adds, (j*H*(KO’)(OH).OO^H, with alcoholic ammonia, 
and decomposing the resulting nitramidobenzamides, ^ 

boiling with baryta-water. Both acids crystallise in long needles. Tne a-acid 
melts at 270° ; the 3-acid at 205^. Both are reduced by sodinm-amalgam to ortho- 
amidobenzoic (anthrauilic) acid. 

3. J) i n i\i r o - orthamidohenro to ov D init r o ~ anthranilio aeid, 
C*H*(NO*)*NH*.CO*H (H. Salkowaki, LUhig^s Annalen, clxxiii. 40). — This add is 
formed, together with its methylio eth^y, by heating the methylic ether of dinltro- 
etbylsalicylic acid with excess of aqueous ammonia on the water-bath : 

C«K«(N0’«)*00»H».C0*CH» + NH* - C*H«0 + C«H*(NO*)*NH*.CO*CH* 
Methyl dinltroetUylaalicjlate. Methyl dinitroanthrantiate. 

and OH»(N0*)«(00»H»),00*0H» + 2NH«OH - C*H«0 + OH^O + H*0 + 
C«H*(NO*)*NH*.CO*NH^ 

^ Ammonium diniSroanthimnO te. 


The solid product of the reaction is pulverised, again treated with ammonia, then 
washed, dried, and crystallised from hot alcohol, ,wbereb^ crystalline laminse are 
obtained, consisting of the methylic ether of dinitroanthrsoiilio acid. The ammoniacal 
solution, when fre^ from excess of ammonia, gives with hydrochloric acid a deep 
yellow precipitate of dinitroanthranilio acid, small in quantity in comparison with 
the Bcdid product of the reaction. The acid is washed, dned, crystallised from boiling 
alcohol, and redissolved in ammonia < the ammoniacal solution is evaporated to the 
crystallising point ; and these operations are repeated several times in order to remove 
a small quantity of the still remaining methylic ether. In this manner two kinds of 
crystals are obtained, one darker-coloured, the other lighter (like the a- and 3- ehxys- 
anisate), but nevertheless identical in oompoeition. 

r^nitroanthranilio acid, separated from the purified ammonium salt by hydro- 
chloric acid, is a deep yellow precipitate, and crystalUsesjtem alcohol, in which it is 
slightly soluble, in golden-yellow scales, very much like fiuyanisic acid. It m^ts at 
266** (chrysanisio acid at 268^). 
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The ammonium salt, OHs(NO»)*NH* O^NH« + H»0. forms yoUow or brown 
needles. • 

The methylio ether crjstdILiM from hot alcohol in narrow yellow imnint 
feathery groups of needles, melting at 165^. It is slightly soluble in boiling aleohol, 
very slightly in cold alcohol, insoluble in water. It is scarcely attacked W a boiling 
solution of sodium carbonate, but when boiled with caustic soda, it gives on ammonia^ 
aud is converted into the dis^c salt of dinitrosalicylic acid : 

0»H*(N0’)*NH*.C0^H» + 2 NaOH « NH» + CH *0 + C«H*(NO*)’^Na,CX)*Na. 

The ethvlie ether, C«H*(NO*)*NIP.OO*C?H», prep^ by posing hydrochloric acid 
gas into the alcoholic solution of the acid, precipitating with water, washing with 
dilute ammonia, and reerystallising from hot alcohol, forms yellow lamium molting at 
135^, and only aparinelv soluble in alctdiol even at the boiling heat. 

On IHnitropafnTnidcieneoio or Chrysanisie acid, see 2 nd Suppl, 336. 

S^lnmldo 1 »eiixoie Add, C*H*(NH*)^COOHt '(Q-riess, Liefn^s Amutleu, cliv. 
325 ; J, pr. Chem. [2], vi. 927 ; JDeui. Chem. Ges, Ber. v. 192, vii. 1223 ; iVr>c. /?e»y’ 
Soc, zx. 168 ; Wurstera. Ambiihl, Beui. Chem. Ges. Ber. vii. 218 ; Mover a. Wurster, 
ifnd, V. 635 ; IAehig*e Anneden, clzxi. 62 ; H. SiUkowski, ibid, clxxiii. 56, 65). 
Griess, by boiling the three dinitro-ummidobonsoic acids, C*H*(N 0 *)^N* 0 * ( 2 «ci 
Supply 1186) with water, obtained the three corresponding nitroamidobenzoio acids, 
C*H*(IM*)(NH*).COOH ; and these by reduction with tin and hydrochloric acid 
yield tue three corresponding diamidobenzoic acids ^distinguished as a, and 7 ). 
These latter are resolved by dry distillation into civrbou dioxide and diamidobenzeues or 
phenylene^diaminos, the a-acid yielding paradiamidobenseuu, aud tlio 

other two yielding orthodiamidobenzene, whence it follows that the o-diamidobenzoio 
acid bos the two NH*-group 8 in the position 1 : 4, while in the and 7 -acidH they are 
in the position 1 : 2 . Further, Salkowski has shown ^ that Oriess’s /3-diamidobenzoic 
acid is identical with that w'hich is obtained by heating nitranisic (nitromethylpara- 
oxybenzoic) acid with aqueoUs ammonia to HO'^-ITO^ in sealed tubes, whereby it is 
converted into nitroparamidobenzoic acid, and reducing ^he latter with tin and hydro- 
chloric acid. Now, remembering that this diamidobenzoic acid is resolved by distil- 
lation into GO’ and orthodiamidobenzene', it is evident that the nitroparamidobenzoic 
acid from which it is formed must have tlie NO*- and NH’-grciuiis in the ortho-posi- 
tion. Consequently, nitranisib acid and nitroparaniidoberizoic acid must be repre- 
sented by the following formulae : • 


CX)*H 


00*H 



OOH* »H* 


and the three diamidobenzoic acids obtained ^ t^y Qriess, as above mentioned, by the 
formulae : 

0O*H CX>«H CO*H 



The three wstediamidobonzoic acids; I : 2 : 4, 1 : 2 ; G, and 1:3:6 (CO*H in 1 ), 
are formed by reduction of the corresponding dioitrobenzoic acids (p. 267 ), and are 
resolved by distillation into CO* and meiadiamidobenzene. 

The symmetrical modification (I : 3 : 5) was discovered by Voit in 1856 (iv. 294), 
and has been further examined by Griess {Liebiff'e Awmlen, [1870], cliv. 325), who 
finds that it crystallises from water in long nearly white needles melting at about 
240^ when quickly heated, but not sublimable ly^ithout dmmposition ; 1000 pis. of 
water dissolve II pts. of the acid ; alcohol and ether dissolve it more readily. It 
unites (contrary to Voit's statement) with bases as well as with acids. The barium 
ealtp I C»H*(NH*)®0*l*Ba+ I crystallises in whitish to honey-yellow prisms or 

spiculae, easily soluble in water, less easily in alcohol. The eUmr ealt, 
CFH’CNH^ra’Ag-f 2 H^, forms white microscopic needles ; the lead eaU narrpw 
qiie hydrocJUot^ crystallises in white easily soluble needles ; the nitrate in 
long lamims, easily soluble lb hot water, Icm easily in cold water and in alcohol ; the 
opiate in small slightly soluble rhombic prisms. 

Bed Sup* ^ 
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The acid, treated with excess of dfwnina wafer, is converted into tribromodU 
amidobenaoic acid, 0®Br^N'H*)*.C0*H* « 

Base obtained by the action of Methyl iodide on 1 ; 6 JDiamidobeneoio aoid^-^ 

When 1 pt. of this acid is xnix^ with 10 pts. of methjjrl alcohol and twice as much 
concentrated potash as is required for neutralising' the acid, and 6 mols. of methyl iodide 
are then added for each molecule of diamidobenzoic acid present, a brisk reaction sets in, 
and the liauid soon becomes acid. On adding more TOtash, and repeating this treat* 
ment till we liquid remains alkaline even after the addition of more methyl iodide, a 
product is obtained, containing the elements of 2 mols. hydriodic acid and 1 mol. 
hexmethyldiamidobenzoic acid, C^H®(CH*)*N®0*.2HI + H*0, but really con- 
sisting of the di-iodide of an ammonium base, P + H*0. The 

aqueous solution of this iodide, mixed with a solution of iodine in potassium iodide, 
yields a periodide which separates in slender brownish-yellow needles. 

The so-called free acid — more prqbabW base or hydroxide — [C*H[^(CH*)*0*]N* (OH)*, 
is obtained by decomposing the Hydrioaide with moist silver oxide. It forms S. very 
hygroscopic crystalline mass, consisting of soft white plates, and is as caustic and 
alkaline as potash. Its aqueous solution destroys the epidermis, precipitates metallic 
salts, and rapidly absorbs carbon dioxide. The chloride, [C^H^(CH*)®0*]N*C1* + 4H*0, 
may be obtained by neutralising the base with hydrochloric acid, or more conve- 
niently, by decomposing the iodide with silver chloride. It is very soluble in water, 
sparingly in hot, and still less soluble in cold alcohol, and forms small, white, glisten- 
ing six-sided plates, Avliich lose their water at 100®. The platinochloTide, 
[0^H®(0H®)‘'O*]N‘-*Cl®.PtCl* -f ll-'O, is a precipitate consisting of very small, pale- 
yellow plates, commonly grouped in stJirs. The carbonate, [C^II^(CH*)®0®]N“C0®+ 3H*0, 
18 formed by decomposing the iodide with silver carbonate, and crystallises from 
water in small, very soluble plates having an alkaline reaction (Griess, I)efut» Ch&nt* 
Gee. Ber. vii. 39). 

Vrlamldobenxolo Aoldt Produced by reduction 

of dinitroparamidobonzoic (chrysanisic) acid (2nc^ Buppl, 1 67). 

ABobenxolc Add, Recording to Fittica {Deut. Chem. Ges, 

Ber, vii. 252), the ethylic ether of ordinary azobenzoic acid melts at 97®, that of 
parazobonzoic or azodrocylic acid at 88®. < 

Action of Ethyl Iodide on Silver Aeobenzoate . — This reaction yields two com- 
pounds: (1) A hi basic acid, C*^1I"(0*H*)*N*0^ crystallising in nearly white needles, 
and forming well -crystallised salts, the silver salt having the composition 
C»*H*Ag*(C'H»)«NW, the barium salt 

(2) A body which forma irregular crystals melting at 74®-7G®, different therefore 
from Strecker’^s ethyl azo benzoate (Ksi SuppL 321), which melts at 90®-92®. Both 
those compounds when treated with alcoholic potash yield an acid having the 
composition or (Goluboff, Deut. Chem. Ges. Ber. vii. 

1661). 

JH-iodaeobenmio acid, C»H*PN»0‘ ^ is the red 

substance formed, together with di-irdamidobcnzoic acid, by the action of iodine and 
mercuric' oxide on metamidobenzoie acid (p. 271). It maybe separated from the 
amido-acid by fractional precipitation with lead acetate, and obtained in the free 
state by decomposing its load salt with hydrogen sulphide. Like most azoacids it is 
amorphous and easily soluble in acids and alkalis. Ita alkaline solution treated with 
sodium-amalgam rapidly becomes yellow, but again a^uires a brownish-red tint on 
exposure to Uie air (Benedict, Bezit, Ckem.^es. Ber.eau. 384). 

Dinitrazobenzoic acid, 0‘‘‘H"(NCP)®N^O®. — This acid is obtained by boiling freshly 
precipitated azobenzoic acid (from ordinary nitrobenzoic acidj) with mtric acid of sp. gT« 
1*62. It is cry stalli sable, insoluble in cold water, and spanngly soluble in hot water 
and in alcohol. It does not melt when heated, but is decomposed with detonation. 
Its salts also detonate. The salts of the alkali -metals are easily soluble in water, 
insoluble in alcohol, and ciystalline. The barium, cadmium, ana oaloiMm eaUa are 
obtained as crystalline precipitates. The ethylic ether, C*®H^0*H*)*(NO*)*N*O®, is a 
solid crystalline substance (Golubeff, ^hid. 487). 

ISlasohenaolo Oompoanila (Griess, Deut, Chem. Ges. Ber. ix« 1663). 
Orthodiazobenzoic nitrate, C’H*N»OM^HO* or C’H*N®0*.N0®, is prepared by passing 
nitrons acid vapour into an ice-cooled pasty mixture of ortbamido^nzoic (anthranilic) 
nitrate and nitric acid previously diluted with an equal volume of water, till the 
w^le is dissolved and an excess of nitrous acid is present, which may be easily recog- 
nised by the odour. On mixing the resulting solution wim strong alcohol, and adding 
ether, the nitrate separates in white rhombic six-sided tables or prisms. It dissolves 
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very easily in cold water, somewhat lees in aleohoL, and explodes violently when 
heated. On boiling its aqiAons solution, the compound is resolved into salicylic acid, 
nitric acid, and free nitrogen t 

+ H*0 » C»H«0* + KO»H + N«. 

A buic nitrate, 2C*H*NH>*.NO*H, is produced by dissolving the preceding oom- 
pound in a small quantity of cold water^ adding alcohol and ether, and repeating 
these operations several times on the crystals which separate out. It is thus obtained 
in long white ne^les, which agree in almost all thair characters with the normal 
nitrate, especially in their reaction with tK>iIing water ; 

20»H*N*0*NO»H + 2H»0 - 2C»H*0» + NO»H + 2N». 

MBtadiazobensoic Sulphate^ C^H^NK)*.80^H*, is preparetl, like the preceding com- 
pound, by passing nitrous acid in excess into a thin juiste of amidobensoic sulphate and 
dHutg sulphuric acid, and separates immediately iu the crystalline form, on flltcsdng the 
solution from the very sparingly soluble metadiasobenKoic uiti'iite wliich forms at the 
same time, and mixing the filtrate with alcohol and ether. It forms nearly white, 
long, narrow laminae, extremely soluble in water, and decomposing with detonation 
when heated. 

A basic sulphate, rjCriPNK)*,2SO*H’, is prcpaml from the preceding salt in the 
same manner as the ])}u»ic nitrate from the normal nitrate, and crystaihses iu small 
needles, which decompose when their aqueous solution is boiled, yielding oxybensoic 
acid, sulphuric acid and free nitrogen : 

6C=H*N»0’.‘2SO*H» + SH^O « 6Cni«0* + 2SO<H* + ftN*. 

According to Keknl^'s view of the constitution of the diazo -compounds (Isi Supply 
209), the normal salts above described are represented by the following formulae : 

Nitrate, C'H‘NK>*NO»H - 


Sulphate, O’H'NWSO*® - 


Orioss objects to this view, on the ground that it does not explain theconstitutinn 
of the basic salts just descril>^. and ho represents theso and tlio normal salts by the 
following forinulse : * 


Nonnnl nitrate. 

io*H 


Basic iiltrato. 



Normal sulptiAte. 

io*H 


Bnatc Kulphabc. 



Those formultE, however, give no insight into tuo constitntif)!! of tlio salts, |Upt merely 
express that the molecules and N'O*!! or 80^1!^ are uiiitt^ in certain pro- 

portions in a manner which cannot at present bo explained. 

If, on the other hand, wo adopt KckuU’s view, tho biisic nitrate, may 

be represented by the constitutional formula ; 



and the same mode of representation might obviously be extended to atribastc, quadri- 
basio nitrate, &c. 

The f-basic sulphate, may perhapa bo formulated os follows : 


NH— SO*H 
^ ^ (C*H<.N».CO«)«-— SO«H 

Hydroiiaeohtnzoio acid, C’BPBTO* Thi, add ia 


latod to the motadiaaobencoic compounds in the same manner as phenyl -hydrazine 
(g.v.) to the diazobenzene compounds ; 


C«H*— N==J5J— R' 

XriaaotMnsenoesli. 

UTH* 

Fhenyl-bydiMlne. 


*t2 


Cm*(CO*H)— N— N— R' 

Diaaobenzolc ult. 

C*H<(CO»H)-^NH- NH* 
HydradiasobMUofo add. 
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To prepare it, metadiazabenzoic nitlate (1 pi.) triturated with water ia gradually 
added to a cold concentrated solution of neutral potassium sulphite (2 pts.), and the 
liquid is gently warmed, and mixed with excess of hydrochloric acid; it then, on 
cooling, yiel^ an abundant crystallisatioQ of potassium diazosulphobenzoate, 
C*H^O^).N*.SO*K, in light yellow, long, narrow laminae, which detonate strongly 
when heated. On treating this salt with tin and hydrochloric acid, removing the tin 
from the resultinff solution with hydrogen sulphide, and evaporating tho filtrate till it 
l^ns to ciystalLise, then supersaturating with ammonia, and finally adding excess of 
acetic acid, bydrodiazobenzoic acid separates on cooling in brownish crystals, which 
may easily be obtained quite pure by recrystallisation from boiling water, with addi- 
tion of animal charcoal. 

Hydrodiazobenzoic acid may also be prepared ^similarly to phenyl-hydrazine) 
by treating potassium diazosulphobenzoate wth zinc and acetic acid, whereby 
it is converted, by assumption of into the hydrodiazosulphobenzoate, 

NH— NH-SO»K,--Which may be obtained by precipitating the zinc 
with hydrogen sulphide, filtering and evaporating, in small nodules easily soluble in 
hot water, — and boiling this salt with hydrochloric acid, whereby the hy^odiazosul- 
phobenzoic acid is resolved, with assumption of water, into sulphuric and hydrodiazo- 
benzoic acids ; 


C*H‘(CO*H)— NH— NH— SO»H + H*0 « SO*H* + 

If, on the other hand, the hydrodiazosulphobenzoate be boiled with strong potash-ley, 
its nitrogen is given off as gas, and the product consists of benzoic and sulphurous 
acids ; thus : 

C«H^(C02H)— Nn— NH— SO*H = G-H^CO^H) + N* + SO^IP. 


Hydrodiazobenzoic acid crystallises in faintly yellowish laminse, which, according 
to circumstances, are cither elliptical or 3 to C-sided. It is tasteless and inodoi'ous ; 
in a capillary tube it melts with frothing and decomposition, at 186°. It is but 
slightly soluble in hot, still less in cold water or alcohol ; quite insoluble in other ; 
exhibits a strong acid reaction with vegetable colours. 

Hydrodiazol^nzoic acid unites wiui hydrochloric a^id, farming the compound 
0’H*N*0*.H01, which dissolves easily in Iwt, somewhat sparingly in cold water, and 
separates from the solution on uddition*of hydrochloric acid, in white needles or long 
narrow laminae. 


Barium Hydrodiazohenzoatet + 4H*0, obtained by dissolvi^ 

barium carbonate iu tho hot aqueous acid, crystallises in small nodules very soluble in 
water. 

Hydrodiazobenzoic acid closely resembles phenyl-hydrazine in nearly all its reac- 
tions, especially in its easy reducibility by certain metallic salts and by Fehling's 
solution. With nitrous acid, however, it behaves somewhat diiforently ; for whereas 
phenyl- hydrazine is thereby couvertoa'into phonyl-nitrosohydrazine, C*H’'N®(NO), 

< N~N 

^ , hydrodiazoben- 
zoic acid on tho other hand, is directly converted into tho imide of diazobenzoic acid ; 
thus: 


.NH— NH’* 

C*HV + N0*H 

\CO*H 


+ 2H*0. 


Diazobenzoic imide is also formed, together with diazobenzenimido, aniline and 
amidobenzolc acid, by tho tictiou of diazobcuzene nifrate on hydrodiazobenzoic acid, 
and the same bodies are forinod by tlio action of diazobenzoic nitrate on hydrodiazo- 
bonzene (phenyl-hydrazine). 


CW— N=N— NO* + C‘'IP(CO-H)— NH— NH* 

Diutobensone Kitmte. Hydrodiazobenzoic Acid. 


C*HVCtyil) N— N— NO* f NIT— NIP 

Distobsnsoic N HydixxUazoU?n7pnp. 






.NO»B 


Diazobenzoic Imide. Aniidobcnzcnc Nitrab 
or 

.N=:N 

+ + C*HHC()‘’U)(NH»).NO 

i. Diazobenzenimido. Amidobenzolc Nitrate. 
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Nitroparadiagobenzoxo acid, C*H*(NO’)N*0* 


0'H»(N0*)^ 

dooH 


Nitro* 


paramidobenasoic acid added to cold absolute alcohol nearly saturated with nitroui 
Hcid. is converted, sometimes immediately, sometimes in the course of a day, into 
small light yellow laminie of nitroparudiasobenzoic acid, which be washed with 
alcx>ho], and dried, first in the air, afterwards over sulphuric acid. This acid explodes 
violently when struck or hoa^, but may be burnt when mixed with a large excess of 
copper oxide. It is nearly insoluble in cold alcohol, and is easily decomposed by 
boiling alcohol, being converted into metanitrobenzoic acid (Salkowsld, Lizhig^a 
Annalen, clxxiii. 63). 


CO*H 

Aftoxybenxolc Acid, C**H‘»N*0*» OC 1 (Gness, Daui. 

\n— C*H^CO*H 

Chem. {res, Her, vii . 1 600 ). Two modifications of this acid (e and m) have been obtained. 

Ort ho^azoxj/benzoic acid, (CO-II ; N = 1 : 2), formed by retluction of ortho- 
nitrobnnzoic (nitroaalylic) acid with sodium-amal^m, c^staUises in white rhombic 
prisms, moderately soluble in hot, somewhat sparingly in cold alcohol, still less in 
ether and in boiling water. When heated, it molts, blackens, and dGComposes, The 
barium salt, C *H*N"0*Ba + 11*0, crystallises in white spicnlar crystals, easily 
soluble oven in cold water. 'By treatment with sodium-amalgam, this acid is con- 
vert od, first into orthazobenzoic and then into orthohy drazobenzotc acid, 
the latter of which is separated from the resulting solution by acetic acid as a white 
precipitate, and crystallises from l>oiling alcohol in small elongated leaflets or micro- 
scopic prisms. It is permanent when dry, but in Uie moist state (and more quickly 
when treated with nitrous acid), it is reconverted into orthazobenzoic acid. It unites 
with bases but not witli acids, acquiring the latter property, however, when boiW 
with -hydrochloric acid, and yielding a hydroclilondq, which forms with platinic 
chloride a highly characteristic double salt, crystallising in insoluble light-yellow 
needles. On treating tlio solution of the hydroclilorido with ammonia and acetic 
acid, a new acid separates in slender siskin-green needles, slightly soluble in boiling 
alcohol and ether: it has not boon analysed, but probably consists of orthodiamido^ 
diphcfiic acid. • 

Metazoxy benzoic acid, (CO*H : N—l : 8), was first obtained by Orioss in 
1804, by boiling an alcoholic solution of motantlrobonzoic acid with solid potassium 
hydrate (bs7 Svppl. .322). When boiled for some hours with tin and hydrochloric 
fvcid, it is partly reduced to common amidobenzoic acid, and partly to an ami do- 
acid, which crystallises in short white needles, having the composition 
C’^H**N*0*+ They lose Jieir water at 160**, and are sparingly soluble in 
boiling water and alcohol, and almost insoluble in other. On heating the residue to 
170^, it melts and undeigoes a molecular chr..ge, being converted into an amorphous 
mass, which is almost insoluble in all neutral solvents, but still possosses the 
character of an amido-acid. 

Tlio silver salt of this amido-acid, C**H**N*0*Ag* H’O, is an amorph'^s preci- 
pitate, which is formed by adding silver citrate to an ammoniacal solution of the acid ; 
on standing it soon changes into small plates, grouped in stars. 

The hydrochloride, 2H01, crystallises in white prisms, which are freely 

soluble in hot water, sparingly in cold water, loss soluble in hydrochloric acid. 

platUwchloride, C'*H'*K*0*.2HCl + PtCl* + 2H*0, forms efther small, mam- 
meliated crystals, or vrell-doflned rhombic prisms, or plates ; it is sparingly soluble 
in cold water, and slowly decomposed on boiling the solution. 

Whon the 1)arium salt of tins amido-acid^ is distilled with baryta, it is resolved 
into carbon dioxide and benzidine (diamido-diphenyl) : 

?,CO* + 


The acid is therefore diamidodiphenic acid, and stands 

to Strecker’s hydrazobeuzoic acid, C*^H**N*0* (Is^ 321), in the same relation as 

l^enzidine to hydrazobenzone. Hydraisobenzoic acid does not combine with bydio- 
chloric acid, but when boiled therewith is converted into diamidodiphenic acid. 


IMawwybenMto A«M, 

^OOOH 


(Meyer a. Michler, Deut^ 


Chem, Ges. Ber. vi. 746 ; Michler, ihid, vii. 420 ; Liehifs AnnaUn, clxxv. 150).— This 
acid is formed by the action of nascent hydrogen on dinitrobensoic add: 
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0«H*(N0*)' 


io 




+ 6H 



When 8 molecular weights of 5 per cent, sodium-amalgam are gradually added to a 
solution of 1 molecular weight of ordinary dinitrobenzoic acid (m. p. 204°), a dear 
but perfectly black liquid is obtained (or brown if Tery dilute), from which hydro- 
dhloric acid throws down the diazo-acid in black flocks, while the aqueous solution 
becomes colourless. Neither the acid nor its alkaline solution loses its dark colour 
when treated with animal charco^il, the colour being in fact a characteristic property 
of the acid. The pure acid when dry is an amorphous shining black powder re- 
sembling animal charcoal, and decomposing with decrepitation when heated. It is 
insoluble in alcohol, ether, benzene^ chloroform, and glacial acetic acid. In potash, 
soda, and ammonia it dissolves eas'ily and completely, forming deep brown soHtions 
from which it is precipitated unchanged by acids. 

The arntnonimn salt dries up on evaporation to a brown transparent varnish. 

The sUver salt^ C^H'N^O.CO'^Ag, is a black bulky precipitate, easily soluble in 
strong aqueous ammonia, and forming, when dry, an amorphous powder, which de- 
composes with strong decrepitation when heated. 

The harimn, salty (C®ll"N'*O.COO)*Ba, is a very bulky black precipitate, 6h];inking 
up to a small mass when dried, and yielding a black powder which decrepitates when 
heated, leavi^ a bulky carbonaceous residue. When dried at 70°- 120° it becomes so 
highly ebxtric that its particles jump about in the basin for hours. 

The zinc salty (C*H*N*O.06O)'-*Zu, is a brownish-black amorphous precipitate, 
insoluble in water, and drying up to an amorplious powder which decrepitates less 
strongly than the silver or barium salt. 

Diazoxybenzoic acid is reduced by tin and hydrochloric acid to diamidobenzoic 
aoid: 

f‘Kl> + ••’U’ = -U’O + 

COOH * COOH 

It is intermediate in composition Ix^twocn dinitrobenzoic and diamidobenzoic acids ; 

CO^H CO^H CO*H 

It appears, moreover, to be related to the humus and ulmin class of compounds. 
Bodies of this character have, in fact, been obtained by Hofmann a. (Jeyzer {Jahrb. 
f. Chem, 1872, 771), by the action of sodium on chloronitrobcnzoues, and Enimorliug 
a. Jacobsen {ihid. 1871, 741) regard soC^e of the ulmin-substances which they have 
examined as ozo-compounds. 

Mononitrodiazoxybenzoic aaidy piltpared by digesting diazoxybonzoic acid with 
fuming ntcric acid at 100°, forms amorphous red-brown flocks resembling ferric hydrate 
insoluble in nil the ordinary solvents, dissolving with deep, brown colour in alkalis ; 
its metallic salts form black amorphous precipitates. It is remarkable that this acid 
is not reduced by boiling with tin and hydrochloric acid ^Michler). 

Isodiazoxy benzoic aM -. — This isomeride of the acid just described is formed by 
the action of sodium-amalgam on dinitroboiftoic acid : 2 ; 4), melting at 170°. It 
exactly resembles the preceding acid in all its external characters, but difiers essen- 
tially therefrom in its behaviour to tin and hydrochloric acid, by which indeed it is 
not attacked even after prolonged boiling (Michler). « 


Oxybeasoio .A.oidSt 

(i). Ortt»o«oxybeiUiolo or S8dloylioileiil« C*.G0^H.OlI.n^ On the prepara 
tlon of this acid by the action of carbon dioxide on sodium-phenol, see 27td Suppl. lo6d. 


. . ' ' pn 

largrely of salicylic acid ; at still higher temperatures the amount of salicylic acid 
produced is much less. 
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On the eonrerse teaction, 1.0. conTersion of salicylie into paraoKjbontoie aeld, 
seep. 286. « 

Purification. — Crude salicylic acid may bo purified by heating it to 170® with 
steam in a copper ressel with double wallB» the space between them being filled with 
paraffin hpatra to HO®. The snow-white acid thereby obtained still retains traces 
of phenol, from which it may bo freed by recrystallisation from water. Salicylic add 
is scarcely yolatilised by over-heated steam (A. Kauter, Chem, Ber, 'nii. 637). 

According to J. C. Thresh {JPharm, cT. 7Va#w. [3], vi. 48) the colour of commercial 
salicylic acid may be removed by dissolving it> with aid of heat, in foifr times its 
weight of glycerin, and reprecipitating with excess of cold water ; but, according to 
a statement in the Pharmaceutinche Zeitnngt the solution of 1 part salicylic acid in 50 
pATts glycerin remains dear on cooling, and does not yield any precipitate on dilution 
with water. 

Far testing the purity of salicylic acid, the fifilewiiig process is mven by Kdbe 
(c7. pr. Chem, [2], xiv. 143). Half a gram of the acid is ciiMsolved in aSbout five grams 
of strong alcohol, and the clear liquid is poured into a 'watdi'^glass, and left to 
evaporate at the temperature of the air. The salicylic acid then solidifies round the 
edge of the glass in slender efflorescent crystals, which arc pure white if the add 
was previously crystallised, but more or l^s yellow if it was precipitated. A brownish 
colour^ ndioates impurity. 

For estimating the value of commercial samples of salicylic acid, Muter (Anefysf, 
i. 103) uses a standard solution prepared by dissolving I gram of the pure acid in a 
litre of water, so that 1 c.c. Tepr<>s6nta 1 mgxn. of acid, and \xw ituheator liquid consist- 
ing of a solution of pure neutral ferric chloride, of such a strength that 1 c.c. added 
drop by drop to 60 c.c. of the standard acid just ceases to give any increase in depth 
of colour before the addition of tho last di*op or two. To perform the estimation, 
1 gram of the commercial sample ia dissolved in a litre of water, and 60 c.c. are put into 
a Nossler tube ; to this 1 c.c. of Ihrric solution is added, and the colour observed 
after standing for five minutes : some of the standard acid is also poured into another 
tube and mado up to 60 c.c. with wausr, and tho 1 c.c. ‘of ferric chloride added: when 
the colours are alike, the amount of pift*o acid present in tho sample is equal to the 
amount of pure aciil added : if thqy are not, the trial must he repeated exactly as in 
testing for ammonia by tho*Nesslor process. To ensure hucccss, tlio liquid should be 
free from mineral acids : small quantities of acetic acid likewise affect the colour at 
first, but it rocovors itself afUsr standing for aixmt five inlmitos. 

To detect the presonco of salicylic acid in milk or beer, to which it is someUmos 
added as an antisopiic. four ounces of the liquid are dialystHl for twelve hours in a pint 
of distilled water ; if after that time salicylic acid is still found to bo present by test- 
ing with ferric chloride, the dialysis must bo continued for 48 hours. The amount 
present is then dotoimined bj* tlm procoss above described. 

An aqueous solution of salicylic acid, mixed with a few drops of ferric chloride, is 
recommended by H. Weiske (J, pr. Vhcin. [2J[, xii. 167) ns an indicator in volumetric 
analysis in place of litmus (the blue colom'of which is very apt to change to red). 
To the dark violet solution thus obtained, dilute soda-solution is added to neutrality, 
whi^ is known by the liquid assuming a redth'sh-yollow tint: This liquid being then 
added to the acid to lie titrated witli sixla- solution, becomes more and mSite eounued 
aa the point of neutrality is reached, hut when the solution becomes alkaline the 
colour suddenly disappears. 

SolubUUy , — According to H. Bose {Pharm. J, 7ra7is. [3], vi. 182), water containing 
8 p. c. borax dissolves 10 pi e. of salicylic acid. The solutiozf (which when 2-4 
times dilated may be used in tho treatment of wounds) is prepared by first dissolvi^ 
the borax in boiling water and then adding the salicylic acid. According to 
Touasaint {ibid, 263), ammonium phosphate is a better solvent for salicylic acid than 
sodium phosphate. Twelve parts of siilicylic acid require for solution only 1 1 parts of 
ammonium phosphate. 30 grains of stvlicylic acid clissolve at 180® F. in an ounce 
of glycerin of 30® B., tho greater part however soparating out on cooling to 70® F.; 
the addition of ammonium phosphate does not prevent tho scparatioti. On tho other 
hand, 10 grains of salicylic acid and 10 grain*; of ammonium phosphate dissolve in 2 
drachms of glycerin and 2 drachms of water, or 16 grains salicylic acid and 16 
grains phosphate in 4 drachms glycerin and 4 drachms water to a clear liqnid. 

OmvtsTBion into Polybaoio acids . — ^When disodic salicylate is hesated to Iwtwwn 300° 
and 400® in a current of carbon dioxide, the salit^lic acid disap{>ears, partially or 
entirely, and in its place a bibasic and a tribasic acid are formed, viz. : « 

C*H*(OH)(COOH)» C*H*(OHXCOOHr 

OMwfrfienia-dlcarlniiiGi. « Orteopbeaof-tTicarbonlc. 
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from salicylic acid by a reaction whicli is analogous to, or rather a continuation of, 
that by which salicylic acid itself is formed when sodiun^^henol is heated in a current 
of carbon dioxide, thus ; 

C*H^(ONa)(CO!'Na) + CO* - C»H»(0H)(00*Na)* 

Diflodio Salicjlate. Disodic Qrthophenol> 

dicarbonate. 

C«H»(OH)(CO*Na)=* + CO* « C«H*(OH)(CO*HXCO®Na)* 

Disodic Oxthophcnol- Disodic Orthophenol- 

dicarbonate. tricarbonate. 

The action proceeds most rapidly at 370'^-380®, at which temperature salicylic 
acid is, in the course of a few hours, completely converted into the di- and tricarbonic 
acids, the latter always preponderating. These acids are insoluble in chloroform, 
and by means of it are easily separated &om unaltered salicylic acid (Ost, J* pr, 
CJiem. (2], xiv. 93). ' * « 

Orthophonol-dicarbonic acid is isomeric with the oxyphthalie acid which 
Baeyor has obtained {Dout. Chem. Gea, Ber, x. 1079), by the action of nitrous acid on 
othylic amidophthalate, the difference between the two doubtless depending on the 
orientation of the radicles OH and CO*H. 

. Conversion into Salicyluric acitU C®H®NO*. — The urine of fever patients who had 
boon treated with large doses of salicylic acid was found to contain salicyluri<^ acid, 
together with unaltered salicylic acid. Those two acids are most readily separated by 
means of ether and }> 0 nzono, which dissolve salicylic more readily than salicyluric 
acid. From an aqueous solution of the acids, the salicyluric acid crystallises out last 
on cooling (Piccar<l, Dent. Chem. Ges. Ber, viii. 817). 

Technical Applications of Salicylic add. — The following depending on the antiseptic 
action of the acid {2nd Suppl.) are described by H. Wagner {Dingl. pol. t/. ccxvii. 136). 
If a concentrated aqueous solution of salicylic acid bo applied to fresh meat, and the 
meat bo then placed in well-closed vessels, it will remain perfectly fresh for a long 
time. This solution is also very useful in the manufacture of sausages and similar 
foods. Butter containing a little salicylic acid^will remain fresh for months even in 
the hottest weather. The same acid prevents the moulding of preserved fniits, and 
is vfcry useful in Uio manufacture of vinegar. • ^ 

• The addition of a little salicylic acid renders glue more tenacious. The acid also 
prevents decomposition in gut and parchoiont during thoir manufacture. Skins to bo 
used for making leather do not undergo decomposition if steeped in a dilute solution 
i'if salicylic acid. Weaver’s or bookbinder’s glue, and other allied subsbinces, may be 
preserved for a long time by treating them with a solution of this acid. Albumin 
may be preserved by the same means. 

The methyl-, ethyl-, and amyl-ether of salicylic acid are used as perfumes. The 
calcium salt, on keeping and distilling with water, yioldai a liquid which has a strong odour 
of roses. 

On the Preservation of Meat and BreaU by means of Salicylic Acid, see Kolbe (J. 
pr, Ckem. [2], xiii. 106; Chem. See, Jour, 1876, i. 901). 

On the Antiseptic iiotioii of Salicylks Acid, see further F. Mohr (Zdtsekr. anal. 
Chem, 187^^ 79 ; jahresb, f, Chem, 1875, 905; Endomann, J. pr, Chem. [2], xii. 260 ; 
Jahresb, 1875, 1111 ; Chem. ^c. Jour. 1876, i^ 090; Hempel, Dent. Chem. Ges. Ber. 
viii. 1667 ; Chetti. Soc. Jour. 1876, i. 711 ; Meyer a. Kolbo {J. pr. Chem, [2], xii. 178 ; 
Chem. Soc. Jour. 1876, i. 959). 

Et hylic Salicylate, Jis readily formed by passing hydro- 

chloric acid into an alcoholic solution of the acid as long as it is absorbed. It is an 
oily liquid, boiling at 226^-228®, and identical with tliat obtained by distilling 
salicylic acid with a mixture of alcohol and sulphuric acid. When its potassium 
derivative, C*H‘*OK.CO*C*H*, is heated with ethyl iodide to 160®, the diethylic ether, 
0*HXOC*H*).00*C‘^H*, is obtained. The same compound is formed by heating 
salicylic acid with potash and ethyl iodide in the proportions indicated by the follow- 
ing equation : — 

®*®*loO.OH + + 2C*H*I = + 2KI + 2H‘0. 

It is a colourless liquid, boiling ut 160®-165®, and smelling like oil of wintergreeu 
(C. Qottig, Deut. Chem. Ges. Ber. ix. 1473). 

Cki. 0 R 08 Ai.iCTi:*ic Acid, C*H*C1(0H).C00H, may be prepared by passing the 
calculated quantity of chlorine into a mixture of salicylic acid with a large quantity 
of carbon sulphide. When purified by reciystallisation from water it forms small 
white noi'dlejs molting at 172*6®. 
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Th« barium [C*H*Cl(OH).CO*pBa<i'^*0* is frmAj soluble iu wutor und 
^oohol, and cxystallises in smul needles having a sj^endid pearly lustre. It gives olT 
its water at 130^, turns brown*at 150^» and at ISO*’ begins to glow and becxnneB ear- 
bonised. The kad wit, [C«£POl(OH).CO»]*Pb, is a heavy crystalline precipitate. 
Th^emperwlt, rC*H*Cl(OH).CO*l*C?u,is an amoj^ons groyish-green precipitate, veiy 
slightly soluble in water. The mver salt, 0*H*Cl(0H).C0*Ag, is a white precipitate, 
which blackens on exposure to light (Hubner a. Brudcen, Ikut, Chem, Ges. Bar. 
yi. 174). 

lonosxLicTLzc Acids (Weselsky. Liebig*8 Annalrtt, clxxiv. 99). — The beat 
m<^e of preparing those and other iodised organic acids is to add iodine and mercuric 
oxide alternately to a solution of the acid in alcohol of 90 per cent. Tlie liquid 
becomes heated, but not aboye 40^ ; external heating is not required. 

^ Monoiadofolicylic acid, C^H*l(OH).COsH, is formed (together with the di-iodated 
acid) bj adding 1 mol. iodine, as above, to 1 moL ssliiylic acid : 

2CrH*0* + 2I» + HgO - Hgl» + H»0 4 2(VJT*IO* 

I With 2 mols. iodine the chief product is di-tcHlosalicylic acid. The two acids, mono- 
and di-iodated, may be separated by means of tlieir barium salts after the dissolved 
mercuric iodide has been removed, by eya^Kiniting the alcohol solution, and digesting 
the residue with solution of sodium carlionate. The monododato<i acid exhibits two 
modifications [probably CO*H : OH ; I ~ 1:2:4 and 1:2:5]. one molting at 184^, 
the other at 196^-196® (Fittig's Grundriss d, org. Chrinie, p. 460), the latter being 
identical with the monoidosidicylic acid dcscribod by Ijiiutemanii (v. 168). Di 
iodosalicylic acid, also described by lAutemann, is a white felted mass which begins 
to decompose at 220° without previous fusion. The /ri-iodosalicylic acid mentioned 
by Lantemann, Weselsky was not able to obtain. The solutions of the iodosalicylic 
acids are coloured violet by ferric chloride. Didodosali^lic acid is converted by 
fusion with potash into gallic acid, C^.CO*H.OH.H.OH.Oir.H, and must thoroforc have 
a similar constitution, viz, CO’H : OH !l:l = l:2:4:6; liuneo it is probable 
that the two mono-io^tod acids formed simultaneously with it have the formula) 
GO*H : OH : 1 » 1:2:4 and 1:2:5; but wo cannot at present say which of those 
two formulas belongs to Ifantemanirs acid melting at 196°. 

Nitroiodosalicylie acid, OH®(NO‘'')I{OII)CO*}1, is formed by treating nitrosalicylic 
acid [which?] in alcoholic solution with iotline and mercuric oxide. The crude pro- 
duct precipitated by water and dissolved in potassium carbonate yields first the 
potassium salt of nitrodi-iodophenol, then that of nitro-iodosalicylic acid. The 
neutral potassium salt, C^H*K*I(N0*)0* + 3H*0, crystallises from alcohol in small 
orange-red needles. The less soluble acid sait. 0'H*KI(NO*)0*-f- 2H*0,« forms small 
orange-yellow nodules. The corresponding barium salts crystallise in bright red 
needles; the acid salt has the composition [0’H*l(NO’)C)*]fBa + fiHH) (Weselsky). 

NiTBOSALiGTLic AciDs, C*H*(NO*)<^Qa^ . — An acid having this composi- 
tion, and obtained by the action of nitric acid ?lpon salicylic acid, Balicin,nDd indigo, 
has been already describe^l (y. 168). Two others are described by L. B. Hall {Deut. 
Chem. Ges. Ber. vii. 1 320) as pi^nced, together with the former, by the action of 
fuming nitric acid on salicylic acid. More recently yiii. 1216), H. Hubner, in 
whose laboratory Hairs experimonts were made, mentions only the last two acids 
as produced^ by nitration of salicylic acid. These are distinguished as ortho- and para- 
nitrosalic^ic acid, because when heated they yield respectively ortho- and ^ara-nitro- 
phenol. lliey are prepared by treating salicylic acid dissolved in glacial acetic acid with 
fuming nitric acid, precipitated addition of a Idrgo quantity of water, and separated 
by reciystallisation, the para-acid separating out, while tneortho-acid remains in solntion. 
If this separation does not succeed completely after the second crystallisation, the least, 
soluble portion of the nitro-acid may lie converted by boiling with dilute baryta-water 
into the very sparii^ly soluble barium ralt of the para-acid ; and on heating the filtf;r< <1 
solutions at the boiling heat with a slight excess of barium carbonate the salt which 
separates on cooling consists of barium orthonitrosalicylate very nearly pure. 

Orthonitrosalicylie acid, examined specially by L- B. Hall, ciystalliscs 
from water in long colourless needles, C^H»(N0=*)0*-i-H*0, which melt at 126°; the 
dehydrated acid melts at 144°- 145°. It appears also te unite with acetic acid. The 
aqueous solution is coloured red by ferric chloride. The following salts have been 
examined : — 

0*H*(NO*)pK.CO*K crystallises from hot water in long yellow needles. * 

0*H*(N0*)0H,00*Ag forms glistening brownish needles, easily soluble in water. 

[C*H*(NO*)OH.CO*]*.Ba crystallises from a hot aqueous solution in scales, from 
dBnte solutions in slender needles. 
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+ 3H*0^ Yellow needles^ easily^ soluble in hot water. 

0*H*(NO®)O.OO^Pb is a yellow prec^itate. ‘ 

The m(in«thyLio ether ^ C*H*(NO*)OH.OO*0*H®, obtained by heating the silver salt 
with ethyl iodide, separates from alcoholic solution as an oil which afterwards solidifies 
to light yellow prisms melting at 44°. It readily fonns salts by exchange of its 
alcoholic hydrogen for metals. The silver salt, treated with ethyl iodide, yields the 
diethyUc ether, C*H*(NO'‘')(OC'^n*).CO‘C*H*, as a fragrant oil slightly soluble in 
alcohol. Heated with alcoholic ammonia, it is converted, by exchange of 20C*H* for 
2NH*, into ni tramidobenzamide, 0*H*(N0*)NH®.C0NH*, which crystallises in 
yellow shining laminm melting at 109°. 

Paranitrosalicylie acid (examined by H. Wattenberg) crystallises from 
water in very long, thin, colourless needles, very sparingly soluble in cold water. Its 
^neouB solution is coloured bloqdcred by ferric salts, like the ortho-acid. The follow- 
ing salts have been examined : — • 

C*H*(NO*)(OH).CO^K. Reddish-yellow nodular crusts, easily soluble in water, 
either hot or cold. 

C•H•(NO*KOH).CO«NH^ Small, colourless, easily soluble needles. 

C*H*(NO*XOH).CO®Ag. Crystallises from hot water in ramified groups of small 
slender reddish-yellow needles. 

[0''H*(NO’«)(OH)CO2]2Ba + 6H»0. Tufts of small thick yellow needle*, easily 
soluble in cold water. 

[C*H*(NO®)(OH)CO^]*Sr + dJlPO. Groups of satiny needles which melt in their 
water of crystallisation at 100°-110° ; moderately soluble in cold, easily in hot water. 

[C«H*(NO*)(OH)CO^]'^Ca + 6H^O melts at 98^-100°, and otherwise resembles the 
strontium salt. 

G*H®(NO*).O.CO*.Mg + 4H‘0. Lemon- yellow crystalline nodules, very soluble in 
water^and in alcohol. 

[C®II*(NO*)(OH).CO*]“Zn -f 5H^O. Broad short yellow needles easily soluble in 
cold water. * 

The moneihylic ether, C®H^(N0‘*)(OH).pO2C“H^ obtained by heating the silver 
salt with excess of ethyl iodide, crystallises in faintly yellowish needles often an inch 
long, easily soluble in alcohol and other, meKing at92°-98°* Its sodium salt, 
0®H^N0*)(0Na).CO''^0'^H*, crystallises in spherical groups of yellow velvety needles, 
easily soluble in water, loss soluble i& alcohol. 

The diethylio ether, C‘>H*(N02)(OC'‘‘H*).CO*C*H*, ol>tained by heating the silver 
salt of the monethylic other with ethyl iodide to 126°, crystallises in small, nearly 
colourless needles, very easily soluble in hot water and in alcohol, melting at 98°-99‘'. 
Heated with saturated alcoholic ammonia to 160° for eight hours, it is converted into 
para-nitramidobenzamide, 0®H*(N0*)NH*.C0.NH*, which forms small yellow 
needlesmelting at 140°, and is converted by boiling with barium hydrate into the 
barium salt of paranitramidobenzoic acid, [C*H*(N0^)(NH=*)C0*]Ba + 44H*0, which 
crystallises in si^l thick yellow neeM^s, easily soluble in hut water. The free acid 
separated therefrom crystallises from water in bright yellow slender needles, mode- 
rately soluble in boiling water, also^n alcohol and ether ; melting at 270°. 

Bi^iTKOSAniCTLic Etubrs (Salkowski, lAehi^e Amialen, clxxiii. 43-51). 
hfethylio dinitrosalicylate, C*H*(^0^)*OH.>JO*GH*, obtained by adding wintergreen 
oil, [C®H^(OH).CO^CH®], to a mixture of 6 pts. filming nitric and 5 pts. fuming 
sulphuric acid, forme, when cxystallisod from alcohol, faintly yellowish sc^es melting 
at 127°-128°.* . 

Methylio BthyUdiniirosalicylate, C®H*(NO*)*(O0^*).COK/H®, is obtained by the 
action of ethyl iodide on . the silver salt of the preceding acid ether, 
0*H*(NO^)^OAg.CO*CH*, Considerable rise of temperature takes place, and on 
distilling off the excess of ethyl iodide, and treating the residue several times with 
hot alcohol, and leaving the filtered liquid to cool, the methylic ethyl-dinitrosaltcylate 
separates out, and may bt purified by repeated crystallisation from alcohol. From a 
concentrated alcoholic solution it separates at first as an oil, which, however, gradually 
solidifies, or may be made to solidity by tlurowing in a small crystal. From more 
dilute solutions it separates in long prismatic crystals, sometimes also in shorter, thick, 
highly lustrous, well-defined monoolinic prisms, having their acute lateral ed^^es 
truncated, and termiuatod by two difierent pairs of augite faces. Axial ratio, 
a : 5 : c—1 : 0*3617 : 0-2635. Angle 6o«71° 13'. Observed faces, ooP, qoP 2, 
(«P2), (Poo), 2P 00 . Melting point 80°. 

This ether, heated on the water-bath with excess of ammonia, is converted into 
the ammonium salt of dinitro-anthranilic acid, C®ll®(NO*)*NH*.CO*NH® (p. 272). 

* OumiKue V. lC-1, where, however, the ether Is erroneously esUad m^thel-Ainilroaaliejflic acid. 
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DimMjfUc DinUroMiUcvlait, or MMyiie 
C*H^NO^)*(OCH*),CO*CH*»-*-Pr©par«l like the prec^Qg, osing methjlio iusteiid of 
ethylic iodide. Poime large {hick crystaU of the same form as the preceding, and 
melting at 69^. Ammonia converts it into dinitro^anthranilic acid. 

Efhylic JHnitiysalicylate, OH*(NO*)OH.CO*C*H*, prepared by passing hydro- 
chloric acid gas into an alcoholic solution of dinitrosalicylic acid, forms colourless 
laminae melting at 98®~99\ Itsammontum saltt C*H*(NO“)*.ONH*.CO*C*H*, crystal- 
lises in long nt^les having a golden lustre. The »Uver tteUt, C*H*(NO®)*OAg.OO*C*H*, 
cennot bo cft)tained pure by double decomposition, but is prepaid by saturating the 
ether with the calculated quantity of Unoly divided silver oxide or carbonatOi and 
heating with a large quantity of water, at first gently, and with frecpient agitation, to 
a temperature below the melting point of the ether, afterwards to the boiling point, 
and filtering hot The »ilt then separates in orange* coloured slender needles or in 
yello'U^ spherules, both exhibiting the same composition. If any of the preceding 
directions are n^lected, the resulting solution usually coagulates to a jelly ; and the 
same remarkable property is exhibited by dilute solutions of silver diniti'osalicylate, 
whereas from concentrate solutions tliis salt separates in fine crysUils. 

Ethnic MethyldinUrosalicylnte, C*H*(NO®)*OC11*.CO*0’‘H*, proimrod by the action 
of methyl iodide on the silver salt last descril^ed, is always contaminated with an 
impurity, which may bo removed, though with difficulty, by repeated ciystallisation 
fipom Vbty dilute alcoholic solution. From a more cobeeutrateu alcoholic solution it 
always sepamtes as an oil, and even weaker solutions do not easily crystallise spon- 
taneously, but may easily bo mode to crystallise by throwing in a small crystal oi the 
same or the following (diethylic) ether ; probably, therefore, the two are isomorphoua^ 

Ethylic methyldinitrosalicyhito forma largo, thin, colourless, six-sided tables melt- 
ing at 47®. Ammonia converts it into cthylic dinitro-anthranilatc. 

JHethylic Diniiroaalicvlatc, C*H*(NO*)‘^OC*H®.CO*C*II*, obtained by decomposing 
the silver salt of monethylie dinitrosalicylato with ethyl iodide, soparatt's from con- 
centrated alcoholic solutions as an oil, from dilute solutions in flat prismatic crystals 
without distinct end faces. Molting point 40*^. Thiif other is also converted by 
ammonia into ethylic dinitro-anthranilato. 

Akidosalicylic Acids, C*,U*(NII*)(OH).CO“H.-~The hydrochloride of the 
ortho-acid, C’H*(NH*)0’.HCi ^ Ji-0, obtainu<i by treating orthonitrosalicylic acid 
with tin and hydrochloric acid, forms dccomposible needles easily soluble in water. 
Heated with benzoyl chloride it yields fine colourless nei dles molting at 189'*. 

Paramidoaalicylio acid is obtained by reducing the corresponding nitro-aeid 
with till and glacial acetic Jicid. Its hydrochloride ^ 0’I1*(NH*)C>*.HC1, crystallises in 
small, thick, slightly brownish needles, moderately soluble in c.old, freely in hot water. 
Its solution in hydrochloric acid, boiled with nitric acid, yields iridescent scales 
(chloranil ?). The Bulphate^ forms thick brownish prisms, 

somewhat sparingly soluble in cold, modenit« ly soluble in hot water. 

AcetyUparamidoaaliaylic acid, * 

OH»NO‘ - CrH»(NH.C*H*0)0* C^n*(NH.COCH*)(OH).COni. 

is obtained os a Viyo-product in the aiuidation of para-nitrosalic^lic acid, and cxjstallises 
on exposing the liquid Altered from the tin sulphide to a low winter temperature, iu 
thick colourless needles, containing ^ mol. 1I‘0, motleratcly jiermanonb in the air 
very soluble in winter and in alcohcA melting at 218'^. 

The magiMsium salt, (<7H^NO')^AIg+ SlTO, forms easily soluble crystalline crusts 
having a faint violet colour, 'i'he bariuw^ salt, (C^H^NOS'^Ila-t 411^0, crystallises in 
small reddish needles grouped in rosettes, easily soluble in cold, very easily in liot 
water. The calcium salt, (C*Il*N0*l*Ca+ 6iH*0, forms groups of thin colourless 
needles, sparingly soluble cold, easily in hot water. The cine sail, 
(C*H*NO*)'Zm + 10H*O, crystallises in felted groups of small slender needles easily 
soluble in water, either hot or cold (Wattonberg, Veftt. Ckem, Ges, Jier, viii. 121fi). 

Salicylanilide, 0»H»'N0*«0»HK0H)--C0.NH.C«H» (R. Wanstrat, 2)eui, 
Chem, Ges. Ber. vi. 33). — This compound is fomed by dropping phosphorus tri- 
chloride into at mixture of aniline and salicylic acid. The product when cold forms a 
yellowish brittle mass, which may be freecl fr<^m phosfihorous acid, hydrodiloric acid, 
and aniline hydrochloride boiling with water, and further purified by crystallising it, 
first from alcohol, with addition of animal charcoal, and then several times from water. 
It is thus obtainerl in small white prisms melting at 134®.-! 36®. It is not attacked by 
dilute acids, but dilute alkalis cause it to split up into aniline and salicylic fti;ia. 
When fused with barium hydrate it yields phenol and aniline. It dissolves in sul- 
phuric acid, and is reprecipitated by water. Its alcoholic solution strikes * violet 
eoionr with ferric chlortda. • 
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Salioylniif anilide, C*H^OH—CO(NH.C*H*NO®)|, obtained in like manner with 
nitraniline and salicylic add, c^stallises from alcohol m ^onps of needles melting at 
217®-218®, and reacts with acicfs, alkalis, and ferric chloride, like salicylanilide. 

Salicyl-toluidide, C*^H'*NO*= C*H*OH“CO[NH.C*H*(CH*)], is obtained by 
the action of phosphorus trichloride oa a mixture of toluidine and salif^lic acid ; it is 
not easy to prepare, as secondary products are formed to a considerable extent. It 
crystallises in white prisms melting at 165^—166°, and when boiled with aqueous 
potash splits up into toluidine and salicylic acid. On fusion with barium hydrate it 
yields phenol and toluidine. It is far less soluble in water than the salicylanilide, 
but behaves like that substance with other solvents (Wanstrat). 

(2) . nCetaoxyt’enzolCf or simply Oxybenzolo This 

acid is formed, together with a smaller quantity of salicylic acid (1 : 2), when chloro- 
salylic (ortho*chlorobonzoic) acid, is fused with potassium hy^ate. The largest 
proportion of the meta-acid is obtained when 1 pt. of chlorosalylic acid is fused with 
2 to 2^ pts. of pulverised potassium hydrate in a retort placed in an oil-bath at 150®. 
The reaction begins at this temperature, and soon becomes so violent as to render it 
nccessaiy to remove the retort repeatedly from the oil- bath. The cessation of the 
frothing indicates the complete decomposition of the chlorosalylic acid. The ther- 
mometer then exhibits the constant temperature of 200®. Subsequent raising of the 
temperature to 260® does not alter the products. On dissolving the molt* in hot 
water and acidulating, there remains an amorphous nearly insoluble body of unknown 
composition ; and the aqueous solution contains the oxybenzoic and salicylic acids, 
whicli may bo extracted from it by ether, and separated by means of chloroform, 
which reiidily dissolves the latter. From 45 grams of chlorosalylic acid thus treated 
there were obUiined 10*5 oxybenzoic and 5 salicylic acid. If the action of the potash 
bo allowed to go on violently, the proportion of salicylic acid obtained is less. The 
contrary is the casein fusing with sodium hydrate (2 pts. NallO tx) 1 pt. chloro- 
salylic acid) ; in this case the action goes on much more quietly, and the quantities of the 
two acids obtained are nearly equal. Increase of the quantity of potassium hydrate 
or addition of potassium carbonate has no influence on the result. But if 1 mol. of 
the acid be fused with 2 mols. potassium or sodium hydrate, the reaction is 
extremely violent, and only small quantities of the two oxy-iiciJs are obtained. 
Paraoxybcnzoic aciil has not been observed in either c^o (Oat, J. pr, Chem. [2], xi. 
385). “ 

Oxybenzoic acid when distilled passes over for the most part unchanged, but at 
the same time acquires a yellow colour, duo to the presence of 1 or 2 p<‘r cent, of 
anthraflavone, formed from it by dehydration and condensation: 

2C'J1®0* — 2ir-0 = This change takes place to a much greater extent on 

heating the oxybenzoic acid with strong sulphuric acid (Barth a, Senhofer). See 
ANTUIlA.FrJkVONK (p. 107). f 

lodoxyhcnsoic acid, C®II*r(OH).CO'^II, is formed, together with di-iodophenol, 
by altornatoly adding iodine and moi*'’uric oxide to oxybenzoic acid dissolved in 
alcohol of 90 per cent., the quantity of di-iodophcnol increasing with the proportion 
of iodine employed. Tlio two compoitads are separated by boiling w<ator, which leaves 
the greater part of the di-iodophonol undissolved. lodoxybenzoic acid forms small 
needles mostly unitoil in groups slightly solilble in cold, very soluble in boiling water. 
Di'iodoxyhenzoic acid has not been obtained. 

l^iiro’iodoxyhmzoio acid, C'H^I(NO“)0*, prepared in like manner from nitro-oxy- 
bsnzoic acid, formp small lemon-yellow crystals, sparingly soluble in water, easily in 
hot alcohol. The acid barium salt, [C’H*l(*NO*)0^*Ri + 6H^O, ciystallisos in micro- 
scopic needles of a deep roseate colour (Weselsky, Lriebig's Annalen, clxxiv. 99). 

(3) . Vfuraoxybensolc ikeiCIf Formation — 1. From 

Phenol. When carbon dioxide is passed through a solution of potassium in boiling 
phenol, paraoxybcnzoic acid is produced, in the same manner as salicylic acid is formed 
by treating phenol with carbon dioxide and sodium (v. 152 ; 2n<f Suppl, 1065) : 

OH*0 + CO» K* = C*H*(OK).CO*K + H* 

The paraoxylxMizoic acid, se|^rated from tlio resulting potassium salt, always contains 
a little salicylic add, probably due to a small quantity of sodium contained in the 
potassium. The two acids may be separated by boiling chloroform, which dissolves 
salicylic acid freely and paraoxybenzoic acid but sparingly (Kolbe, J, pr Cftem, [2], 
viii. 336). 

obtain a good yield of paraoxybenzoic free from salicylic acid, special precau- 
tiotis are, however, required. The following process is described by Hartmann («5u2. 
xvl. 35). Potassium phenato is first prepared by adding solid potassium hydrate to 
phenol heated in a siiallow iron basin ; tile mixture is evaporated at a rather high 
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temperotiire, and with eonatant stirriDif, till t&6 nasa hogins to separata in 
nodmes ; the heat is continued for a few minutes longer ; and the dame than suddenly 
removed. If the hating he discontinued too soon, the potassium phenate retains 
moisture, and then yields but a small quantity of para-oxybensoate when treated with 
carbon dioxide; and if it be too much prolonged, violent decomposition of the 
potassium phenate is likely to ensue. For tlio preparation of large quantities, an 
iron retort provided with a stirring apparatus is required. In a well oonducted 
operation, quantity of paroxy benzoic acid (separated from the potassium salt by 
hydrochloric acid^ should be about 80 per cent, of the potassium ^enate used. 

Paraoxybenzoic acid is also formed, together with salicylic acid, by heating phenol 
in an alcoholic solution containing excess of potash or soda, with car6ofi teHwtmoridB : 

C*H‘NaO + CC1‘ + aNftirO = + 4NaCJ + SH'O. 

The sdlne reaction takes place, though less quickly, in aqueous solution. Qood pro- 
portions are : 28 pts, NallO, or 36KilO, dissolved in a sniiill quantity of boiling 
water, and so much alcohol that carbon tetrachloride produces no turbidity in the 
liquid, together with 10 pts. of crystallised phenol, and 17 pts. COP, the mixture 
being heated to 100° in se^ilod tubes for two or three days. The relative quantities 
of paraoxybenzoic and salicylic acids produccil do not appear to bo affectim by the 
luiture qf the alkali employed (Koimer a. Tionmnn, Deut, Chein, Oea, Ber, ix. 1286). 

2. From Salicylic Acid. — Moiiopotassic salicylate heated to 220° is resolved 
into phenol, carbon dioxide, and dipotsissic piraoxybonzoato, according to the equa- 
tion : 

2C«irXl)n)CO^K -= C«lPOK.CO*K + 0*H*OH + CO». 

Mouosodic salicylate similarly treated yields disodic salicylate. 

The paiMoxybenzoate thus formed is tolerably pure if thu air has been excluded 
during the process; otherwiso the paraoxybenzoic acid separated from it is dark- 
coloured ; but even then it is easily puiiflod and obtained as a snow-white mass by 
recrystallisation with the aid of animal charcoal. Tetretnjrlammonium salicylate like- 
wise yields paraoxybenzoic achl when heated ; but the barium, strontium, and calcium 
salts, and, indeed, all the other salicylfttes hitherto tried, behave like the sodium salt, 
yielding not paraoxybeiizoatos, but dimetallic salicylaU*s (Kolb<f, J, pr. Chem, xi. 249 ; 
Ost, ibid. 385h . . ♦ 

Uipotassic salicylate acts precisely like tlio monopotaasic salt, yielding dipotassio 
piiraoxybeiizoate, potassium carljouate, and phenol ; thus 

2(C*n^OK.CO*K) + n»0 - C-11K)K.C0’K + c«ii«o + CO»K». 

A mixture of salicylic acid and 3 mols. of potash, acta quite diifbrently &om the 
dipotaasic salt ; at 260° no change ensues, but at 300° every trace of salicylic acid 
iM^comes converted into potassium -phenol and yxitassium carbonate, thus — 

CH'On-CO’H + 3KOH - Oil'.OK + CO*K* + 2HH). 

The same result occurs if the monupotassic salt And 2 mole, of caustic potash or the 
dipotassic salt and 1 mol. are heated together. When, however, 4 or more idolecules 
of potash are employed, little or no change takes place at 300°, and in no case is 
paraoxybenzoic acicl produced. In order, therefore, to obtain paraoxybenzoic acid 
from salicylic acid, not more than 2 mols. of potash to 1 of acid must be used ; with 
24 mola. Some paraoxybenzoic .^.cid is formed, but most of the salicylic acid splits 
inu^henol and carbonic acid, s . * , . 

Ijie noa-formation of paraoxybenzoic acid with soda and with more than 2 mols. 
of potash is not duo to the convertibility of paraoxybenzoic acid into salicylic acid 
under these conditions ; for on heating paraoxybenzoic arid to various temperatures 
with different proportions of potash and of so^, it is found that, in the former case, 
smaller quantities of alkali than 6 mols. bring about more or leSs decomposition into 
phenol and carbonic acid, but 6 mols. or more entirely prevent this decomposition at 
300° ; with soda, 4 mols. completely stop this chan|ro, which is readily uoaergono by 
the mono- and disodic salts. In no case is ^ei^er oxybenzoic or salicylic acid 
produced. 

In this CM, therefore, as in many others, potash and soda differ materially in 
their action when fused with organic bodies. Moreover the nature of the channe 
varies with the temperature, ami especially with the proportion of alkali employed ; 
and these circumstances may perhaps throw some light on the discordant xesMta 
obtained by different chemists in heating one and the same phenol- derivative with 
caustic alkali, the same chlorophenol, for example, sometimes yielding resorcin and 
sometimes hydroquinone. Such variations.might indeed arise from the use of potaih 
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containing more or leas soda. Hence it is plain that fUsion 'with caustic alkalis cannot 
be safely used as a means of determining the orientation t£ the lateral chains in benzene- 
deriTatiyes (Eolbe, J.pr. Chem. [2], x. 89, 461 ; Ost/^Wif. xi. 386). 

8. From Tyrosine, This compound, fnskl with twice its weight of sodinm 
hydrate, yields sodium paraoxybenzoate, together with ammonia and hydrogen (Ost^ 
Chem, [2], xii. 169). 

Paraoxybenzoic acid crystallise in moDoclinic prisms (iy. 363). Measurements 
of the angles by von Eensch are given in Hartmann’s paper above cited. 

The following salts, prepared by neutralising the hot aqueous solution of the acid 
with the corresponding carbonates, have been examined by Hartmann. 

The ammonium^ potasaiunit and eodium salts crystallise from concentrated solutions 
at low temperatures. The solution of the ammonium salt gives off ammonia during 
evaporation, and mxist therefore be kept neutral by addition of ammonia. 

0*H^OH.CO®NH* + H^O form^ slowly eMorescent prisms an inch long. — 
C*H^0H.C0^+3H*O forms non-effloresceut crystals, and does not give off thb whole 
of its water even over sulphuric acid in a vacuum. — C®HH>H.CO®Na + hH'-'O. Trans- 
lucent tablets having a slight brown colour and very efflorescent. 

(C«H^0H.C02)*Ga + 4H20. Slender needles. 

(OH*OH.CO*}*Ba + 2H*0. Flat shining needles or ciystalline mass, apparently 
composed of acute rhombohedrons with basal pinaco'id. 

The strontium salt was once accidentally obtained in rather largo crystals^ usually 
in slender needles. 

(C*H^OH.CO'‘*)*Od. — Separates from hot strong solutions in fine needles with 
4H*0 (iv. 863) ; from the mother-liquor, after some time in crystals with 6H®0. 

(0*H^0H.C0*)®Zn + 8H*0. — Broad laminar crystals (Hlasiwetz a. Barth» IMhig's 
Annalen, cxxxiv. 272) ; granular crystals (Hartmann). 

The eihylio ether^ C*H^OH.COOC'''H*, prepared in the usual way by passing 
hydrogen chloride into the alcoholic solution of the acid, is a crystalbno mass which 
melts when heated under water, and dissolves to a small amount in boiling water. It 
is nearly insoluble in carbon sulphide, sparingly soluble in chloroform and beuzin, 
very soluble in alcohol and ether. It moltaat 116®. Ammonia dissolves it readily, 
without however producing any perceptible alteration in it, even after a considerable 
time. * , , 

Par a oxy 6 fi awiif e, C*H'*OH.pOHH*, is obtained by heating the ether under 
pressure with highly concentrated aqueous ammonia. On evaporating the product 
over the water-bath, the excess of ammonia escapes, and the undecomposed ether then 
separates as a heavy Liquid, from which the aqueous solution may be decanted. This 
solution, when strongly concentrated, yields the amide on cooling in slender brownish 
needles, which may be decolorised by animal charcoal, and fre^ from traces of the 
ether by treatment with chloroform. 

The pare amid6 crystallises from aqueous sollition by rapid cooling in capillary 
needles; by slow cooling in thicker, humbly lustrous needles, often 3~4 c.m. long, with 
rhombic cross-section. They contain 1 'mol. H-O, which is given off quickly at 100®, 
slowly over sulphuric acid. 'J'he compound dissolves easily in alcohol and in hot 
water, ^aringly in ether and in cola water, and is nearly insoluble in chloroform, 
carbon sulphide and benzin. It molts at 162®. Its aqueous solution has a faint 
acid reaction. Heated with caustic potash, it gives off ammonia, and yields poUissium 
paraoxybenzoato. 

Paraoxybenzamide possesses both basic and acid properties, the latter being due 
to the hydroxyl '»vliich it still retains. Its sodium salt^ C*H^ONa.CO‘‘'NH®, separates 
us a thick white precipitate on mixing a ^Id alcoholic solution of the amide with 
aqueous soda, and may be obtained pure by removing the excess of the amide with 
etner, and drying it in a stream of hydrogen. In the moist state it is decomposed by 
the carbonic arid of the air. It dissolves easily in vfater and in alcohol, but is insolu- 
ble in ether. From the alcoholic solution it separates on evaporation over sulphuric 
acid as a crystalline mass. From the aqueous solution acids reprecipitate the amide. 

The f^drocMoride, C*H*OH.CONH* + HCl, obtained by passing dry hydro^n 
chloride over the amide contained ii^ a Liebig’s drying turn, is a solid body, which 
melts at 205®-'20<i'^, and dissolves in water, but is decomposed when heated therewith 
with Mproductioii of the amide. 

Paraoxybenzamido appears also to form a well -crystallised compound with nitric 
acid (Hartmann). 

Paraoxyhsneonitrilf or Paraeyanophenolt C^H*NO *» is 

formed from the amide, or better from ammonium i^ra^ybeuzoate, by rapid distilla- 
tion with phosphoric anhydride, and collects in the receiver as a heavy oil mixed with 
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l^enol, from wbi<^ it may be freed by boiling witli water, till the odour of phenol it 
no longer perceptible and thcfoil is ditsolved. The filtered solntton on cooling 
deposits the ni^ in thin rhoi^ic lamins haying a splendid iridescence. It has a 
sweet taste, with biting after-taste; dissolres slightly in oold, more freely in hot 
water, but without combining therewith ; dissolves also in alcohol, ether, ana chloro- 
form. Melte at 1 13®. 

The nitril boiled with canadc alkalis gives off ammonia, and is convert^ into 
a paraoxy benzoate. It also takes up water when boiled with hydroohlorio acid, and 
the solution on cooling deposits slender needles of the above-described hydro- 
chloride of paraozybenzamide. Like the amide, it also forms a m>dium sa^, 
0*H^ONa.CN, which is precipitated on aMing aqueous soda-ley not in excess to a 
cold ethereal solution of the nitj^. It is moderately soluble in water, and separates 
thereffom in crystals containing 3H’0. 

This nitril closely resembles the metacyanophevd discovered by Griess, but has 
only a%ilight resemblance to Limpricht’s so-called saUcylimide (166). 

lodoparaoxybeneoic aeids, mono- and dl-, are produced by alternately 
adding imine (1 or 2 mols.) and mercuric oxido to a solution of paraoxybonsoio acid 
in alcohol of 90 per cent. Tri-iodophenol (fonmerly mistaken for tetraiodosalicylie 
acid) is formed at the samo time (Weselsky, LUbig*$ Anna/<en, clxxiv. 90). Themono- 
and di-ipdated acids thus prepared agree in all their characters with those described 
by PeltzOT (Isf Suppl. 900). 

Nitroiodo-parao^beneoic aeidf CrHT(N0*)0*, formed in like manner from nitro- 
parooxybenzoic acid, forms lemon-yellow light needles. The neutral barium salt, 
C*H*I(N0*)0*Ba + 2H*0, crystallises in short cinnabar-rod needles with green metallic 
lustre; the acid barium ealt^ [C'H*I(N0^)0*]*Ba + 4H*0, in shining, roseate, flat 
needles and tablets. The formation of this acid is accompanied by that of paradi- 
iodonitrophenol. the potassium salt of which, 0*H*KI*(N0*)0*, is the first to crystal- 
lise out (Weselsky). 

Dinitromethylparaoxybensoic a c i or Dinitraniaio apid^ 
C*H?(NO*)®(OCH*).COOH (Salkowsky a. Hudolph, Deut, Chem. Ote. Ber» x, 1264). — 
This acid may be conveniently prepc,red by adding pure nitranisic acid (m. p. 189^) in 
portions of 40 grams tou weH-cooIed mixture of 140 gramn of nitric acid, sp. gr. I '6 
and 160 grams of strong sulphuric acid. The ^preator part of the dinitranisie acid 
separates from the liquid in slender neoilles in tho course of 48 hours, and may be 
collected in a funnel stopped with a cone of platinum. An additional quantity may 
be obtained from tho filtrate, together with di- and trinit rani sol, by addition of 
water. The dinitranisie acid, purified by solution in cold dilute solution of sodium 
carbonate, reprecipitation, and reerystaliistition from dilute alcohol, melts at 
181°-182®. 

Dinitranisie acid, heated to 150® for five hours with 6 parts of water, is converted 
into d ini troparaoxybenzoic acid, whi'^ separates in plates, and methyl 
alcohol; and if the boating ho prolonged and the tempcfraturo raised to 170®, 
the tabular crystals likewise diss^tpear, >)eing jesolved into CO^, which escapes on 
opening the tube, and a crystalline mass, which melts much below the boilyig point 
of water. On dissoiring this mass in ^ilute sodium carbonate, and leavmg the 
solution to crystallise, fine red needles are obtained, consiHtin^ of tho sodium deriva- 
tive of iS-dinit rophenol (2nd Suppl. 927). Now, as anisic acid belongs to the 
para-series, and /S-dinitropban^d has its two NO^-groups contiguous to the hydroxyl. 
It follows that dinitranisie, dinitgo^araoxyl^Dzoie, diDitroparamidobo&zoic (chiysanisie) 
acid, dec., must have the constituuon 1 : 3 : 4 ; 5 (CO” in 1), thus — 


00-H 



MmcnitTomieic add, C*.CO*Il.H.NO”.OCH*.Il*, heated with water under pressure, 
should yield, in like manner, nitroparaoxyhenzoic acid and orthonitrophenol ; the latter 
is however the sole product ^tually obtained whence it would appear that the tempe- 
mture at which the nitranisic acid is saponified sufiices also for tue decomposition of 
the nitropazaoi^beDzoic acid into CO* and orthonitrophenol. Hie decomposition may 
accordingly be lepzesanted by the following equation : 

C^K'<^*X<>CH”).C0*H + H*0 »,C*H\NO*)OH + CH*OH + CO*. 
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' yAX)OH 

AM«lixA^MqfbenxoloAet<Uii (Beimer a. Xiemaiiii, 

\COH 

Deui, C’hem. Ges. Ber. ix. 1268). These acids, intermediate in character between 
oxy-acids and aldehydes, are produced, like salicylic aldehyde, by the action of chloro* 
form on oxy-acids in alkaline solution : 

+ 3NaHO + CIia» = 3NaCl + 2H»0 + 

Oxybenzoate. Aldebjdo- 

oxy benzoate. 

In this manner two aldohydo-acids have been obtained from salicylic, and one from 
paraoxybenzoic acid. 

a. When pure salicylic acid ( L4<parts) and solid sodium hydrate ( 25 parts), dissolved 
in water (60 parts) are boiled with chloroform (16 parts) for some hours, and the 
product of the reaction is dissolvotl in water and strongly acidified with hydrochloric 
acid, a yellow precipitate is thrown down, which dissolves readily in ether, and is 
taken up therefrom almost entirely by an aqueous solution of acid sodium sulphite. 
The latter solution, when boiled with dilute sulphuric acid, deposits a crystalline 
precipitate, separable by crystallisation from water into the two following bodies : — 

(1) . Bar aid ehy do salicylic aeidt (CO*H : OH : OOH»l ; 2 : 6). — This acid 
crystallises out in long deli cate* yellowish needles, melting when pure at 248^-249°, and 
dissolving freely in ether and hot alcohol, but very sparingly in water and chloroform. 
The aqueous solution produces a deep cherry-red coloration with ferric chloride. It 
decomposes carbonates with effervescence, and combines with acid sodium sulphite, 
thus behaving both as an acid and an aldehyde. Its calcium salt, submitted to 
dry distillation with calcium hydrate, yields paraoxybenzoic aldehyde ; whence it may 
be inferred that tlio aldehyde-group occupies the para-position in relation to the 
hydroxyl. 

(2) . OrtJioaldehy dosalicylic acid; (CO*H : OH : COH « 1:2; 3). — This 
l)ody is contained in the mother-liquor of the preceding, and is taken up therefrom by 
ether, which leaves it on evaporation in the form of a white crystalline mass. When 
pure, it crystallises in delicate needles, which molt at 166*^, and sublime without 
decomposition at a somewhat higher temperature. Its aqueous solution is coloured 
yellow by soda, and red by ferric chloride. It decomposes carbonates with efifervescence, 
and combines with acid sodium sulphite, like the preceding compoimd. Its calcium 
salt, distilled with calcium hydrate, yields pure salicylic aldehyde, showing that the 
aldehyde-group occupies tho ortho-position in relation to the hydroxyl. 

Paraoxybenzoic acid, treated in a precisely similar manner with chloroform 
and sodium hydrate, yields only one aldehydo-acid, together with paraoxybenzoic 
aldehyde. On diluting tho product the reaction with 6 to 8 parts of water, 
acidulating with hydrochloric acid, extracting the or^nic products with ether, 
agitating tho ethereal solution with acid sodium sulphite, separating the aqueous 
liquid fp)m the ether, mixing it with a slight excess of dilute sulphuric acid, and 
passing steam into the liquid till all the liberated sulphurous add is expelled, aldehydo- 
paraoxy benzoic acid crystallises out in needles, the quantity of whidi increases con* 
siderably as the liquid cools, and paraoxybenzaldebyde remains in solution. 

Aldehydc-j>araoxyhenzoicacidt{QO*Jl ' COH ; OH — 1 ; 3 : 4), crystallises in 
thin yellow prismk, molts at 24 3®-244°, and sublimes iijj long white needles at a somewhat 
higher temperature. It dissolves sparingly in chloroform and water, easily in alcohol 
and ether. The aqueous solution is coloured yellow by soda, aud brick-red by ferric 
chloride. It decomposes carbonates with efifervescence, and combines with acid sodium 
sulphite. Its calcium salt, submitted to dry distillation, yields salicylic aldehyde, 
and a small quantity of phenol, showing that tho aldehyde residue and the hydioxyl- 
group ocx:iipy tlio same positions as in salicylic aldehyde. 

SioxybenaBolo Aolda, = C*H*(OH)®.COOH. Of the six possible 

acids of this group, four are known, viz. oxysalicyiic acid, protocatechuic acid, and 
two acids formed l>y the action of melting potash on the corresponding disulpho- 
benzoic acids (p. 207). The constitution of Uie last three of these acids has been 
discussed in 2nd Suppt. p. 432; that of oxysalicyiic acid is determined by its formation 
from iodosalicylic acid. The fbllowingjs a comparative view of the origin, constitution, 
and characteristic properties of those four acids; — 
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Formula 

— 

V.P* 

Besettou with 
WQP 

Dioxybensoic 
add 1 : 2 : 3 

oorr. disolphobenaoie add 

2220 

Not odonred 

or 1 : 8 : 6 




Dioxybensoic 

FromCl : 2 : 4) C*H*(SO*H)*.CO*H 

148“ (hyd.) 

Dark rose-red 

add 1:2:4 

and (1:2:4) 0*H*(SO*H)».CH* 

194° (anhyd.) 


Protocatechuie 
acid (1:8:4) 

From iodo^-oxybenzoic acid, &o. 

108° 

Green, changed 
by dilute Na»CO» 



to blue, then red 

OxyJhlicylic 

From iodosalicylic acid 

106°-197° 

Deep bine. 

acid (1:2:5) 


change to red, 
then brown by 
NH* or Na*C0* 


OjcspmltoyUio or My< _ urbonto Jkold# 

This acidi prepared by fusing bromo- or iodosalicjrlic acid with potash, melts, accord- 
ing to Hakowski a. Iieppert (Deut, Chem, Ga, Bt-r, viii. 788, 976) at 196°- 1 97®. 
This agrees nearly with the statement of Liautemaun, who found the acid to melt at 
103° (ir. 320). According to Demole (ibid, Tii. 1436) it molts at 183°. Heated in a 
sulphuric acid bath to 216°, it yields a sublimate of pure hydroquinoue (showing that 
its two HO'groups are in the para-position), but when it is heated iu a rektrt over an 
open fire, the hydroquinone is accompanied by a small quantity of pyrocatechin. 
Heated with weak oxidising agents it yields a crystallisable acid (quinone-carbonio 
acid?) which may be extracted with ether, and is instantly decolorised by reducing agents. 

Frotooftteobulo Aold* Tliis acid is formed : a. From 

potassium cresyslsulphonate (ii. 108), by fusion with potash (Biedermann, Deut, CKirm, 
Ges, Ber, vi. 326). In like manne^ from vanillin (Tiemsnn a. Haarmann, ibid, vii. 
608) ; and y, firom hydropiperie acid, C**H*^0‘ (Patern6 a. Fileti, ibid, 81). 

On the preparation of Protooatechuie acid fr^ Kino, and He resolution by Bromine 
into CO* and Teirabromopyrocatechia^ see 2nd Suppi, 1023, 

By heating it to 100° with a saturated solution of chlorine in carbon tetrachloride, 
Stenhouse obtained a chlorinated compound, which, after crystallisation from carbon 
sulphide, formed colourless needles (Chem, B^ewe, xxix. 96). 

Methyl^protooatechuic acid, 0*H*O**C-H»(OH)(OCH*X00OH).— Of this 
acid two modifications are known, qpe of which is identical witn van LI lie add; 
the other may be called isovanillic acid. 

a. Vanillic acid, (C0*H : OCH* : OH»l^ 8 : 4), is produced: (1). In small 
quantity from vanillin (its aldehyde) by the action of various oxidising agents, most 
readily by exposing moist and finely pulverised xanillin to the air. (2). It is more 
easily prepared by mixing a warm solution of cow^erin, C‘*H**0* (v. 1201), iiv 30*40 
pta. water with a solution of 2 to 3 pta. potassium permanganate in GO to 00 pta. 
water, filtering or straining from the precipitated hydrate of manganese dioxide, 
acidulating with sulphuric acid, warming the liquid for u short time to 60°~76°» and 
then shaking it witli ether. 

(3), From Eugenol, 0*H*(C|P)(OCH*)jt?li*. — Acetyl-eugenol, subjected to the 
action of oxidising agents in a slightly acid solution, yields a large quantity of 
acetovanillie acid, together with a smaller quantity of acetovanilUn : 
C5*H*(OC»H»0)(OCH*XC*fl*) + CHl»(OC»H*OXOCn*)(CO*H) + 200* + 2H*0 

Aaetyl*«e«eooL Aceto-vaallllo sda. 

and these bodies heated with potash yield respectively vanillic acid and vanillin 
(Tiemann, J>etU. Chem, Gee, Ber, ix* 62). 

Van i ill 0 acid c^stallises from ether as a laminar mm of pure white colour. It 
dissolves very easily in alcohol, less readily in ether, sparingly in cold, more fireely in 
hot water, tern which it separates on cooling in white translncent needles. It 
smells like vanilla, especially when heated; melU at 211°-212° (nocon.), and 
sublimes without decomposition. It gives no reaction with ferric chloride. By 
heating to 100°-150° with hydrochloric acid, it is resolved into protocatechuse aeid 
and methyl chlori^; yields protocatechuie add also when fused with potash. 
heating it to 140° for several hourawith 2 mols. CH*I and 2 mole. KOH, and sapooBiiy* 
ing the resulting ether, dim ethylprotocatechuic acid i* obtained, melui^ at 
174° (nnoorr.) (Tiemann, ibid, viii. 600 and ^123). 

3rd Sup. ^ 
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Oftleiiiia T&nillate distilled with ciJciuin hydrate yie^s pure gnaiaeol : 

€!«H«(OH)(OCH*) 
Gnaiaeol. 


C«H*(OH)(OCH*){CO*H) « CO» 
YanlUio add. 


JceUwanillio aoidt 0^®H»®O» = 0*H*(OC*H*OXOCH»)(CO®H), is obtained by pro- 
longed digestion of vaniliio acid with acetic anhydride at 100°, and precipitation with 
water. It is sparingly soluble in hot water, easily in alcohol and ether, and 
crystallises most readily from dilute aloDhol in slender colonzless needles, melting 
at 142° (uncorr.) By boiling with potash, it is resolved into yanillic and acetic 
acids (Tiemann a. Nagajosi Nagai, Deut, Chem. Gea* JBer. yiii. 1142). 

NitracetovaniUic aeid. is formed by the action of nitric acid 

\COOH 


on acetoyanillic acid. It crystallises in colourless needles, which melt at 181°-182° 
with partial decomposition. ‘ • 

yOCB* 

Nitrovanillio acid, C*H*(NO*)^OH . — ^This body cannot be obtained by the 

\COOH 

direct action of nitric acid on yanillic acid. It is formed, together with sodium 
acetate, by heating the preceding compound with dilute sodadey. It forms white 
glistening needles, which decompose without melting at 21 0°. Its sodit 0 nf’Salf crystal- 
lises in yellow needles (Tiemann a. Matsmoto, ibid. lx. 937). 

/3. Isoyanillic acid (CO^H : OH : OCH* = 1 : 3 : 4) is formed by heating pro- 
tocatechuic acid with potash and methyl iodide ; also by heating he mipinic acid to 100° 
with strong hydrochloric acid ; and, together with vanillic acid, by digesting dimethyl- 
protocatechuic acid for seveml hours at 140° with very dilute hydrochloric acid. The 
two acids may be separated by crystallisation from hot water, vanillic acid being 
much the more soluble of the two. IsovaniMic acid melts at 250° (Tiemann). 

Dimeihylprotocaiechttio acid, C*H*®0* = OH*(OCH*)®.GO*H. — This acid, 
originally obtained by heatirg protocate^iiic acid (1 pt.) with methyl iodide (4 pts.) 
ana potassium hydrate (1 pt.) dissolved in methyl alcohol {2nd Suppl. 431), is also 
produced by the oxidising action of potassium permanganate : a. On methyl-creosol 
(trimethyl-pyrocatechin) : r 

C*H**0* + O* = + H*6 

fi. On methyl-eugenol : •' 


C«H»(OCH*)*(C»H») + O" =« C»H*(OCH»)».CO*H + 2CO» + 2H»0 
(Tiemann a. Mendelsohn, 2^^^, Chem. Oes. Ber. viii. 1136; Tiemann a. Matamoto, 
ibid. ix. 937). 

IfUrodimeth^lprotoeatcchuio acid, C*H*(NO*)(OCH*)*COOH, is obtained by warm- 
ing dry dimethylprotocatecbuic acid with nitric acid of sp. gr. 1*26 till the first violent 
action is over. On addition of water, a yellow Oocculent mass is thrown down, from 
i^hich the acid is extracted by ammogia, indiSerent products remaining nndissolved. 
The acid, when pure, crystallises in yellow needles containing ^ mol. of water, easily 
soluble in alcohol, ether, and ho* water. The am?m)nium salt, C^H^NH^INO**. 
crystallises in pale-yellow needles, easily soluble in water and sparingly in alcohol. 
It loses ammonia at 100®. The silver sa(t^ C®H*.^NO'’, is a pal &>yellow precipitate, 
which dissolves in boiling water and cry'stnUises in fine pale-yellow needles. It is 
stable and does not blacken in the light. The etbyl compound, C®H®(C^H®)NO*, is 
formed by saturating with dry hydrogen chloride a solution of the acid in absolute 
alcohol, distilling off excess of alcohol, an^ adding x^^ter, when the ethyl -compound is 
thrown down as a yellow oil, which afterwards solidifies. It crystallises from 
weak spirit in nacreous fiat prisms, which melt at 99®-100^ and dissolve in alcohol 
and ether. 

When a solution of nitrodimethylprotocatechuic acid in hot water is treated with 
tin and hydrochloric acid, the liquid, on cooling, deposita crystals of a double-salt of 
stannous cAloride and amidodimethylprotocatechuio hydrochloiide : 


Amongst the indifferent bodies formed by the action of nitric acid on dimethyl- 
protocate^nic acid are the following, which ^ve been isolated end analysed : — 

" 1. Monotssirodimeth^pyroeateohin, C*H*(NO»)(OCH®)*, crystallises in fine yellow 
needles, whidh melt at 95°-96°, and dissolve sparingly in water, easUj in alcohol and 
^er. 

2. IHnUrodsmtthylpyroeatsekin, C*H(1^0*)®(OCH*)®, ezystallises in white g^ten- 
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inff priamt, which 144^*146^, and diiaAve in hot alcohol and athar (Ticaianii 

a. MaUmoto^. * 

Veratric acid, a conatiti^t of aabadiUa aeoda (y. 091ft), ia identical with di- 
methylprotocatechuio or math^lYanillie add, inaamnch as it ia converted by fhaion with 
potash into protoeatechnic acid, and when heated with hydriodio acid to 150^-1 60** it 
yields methTl iotUde and protocatechoic acid, together with a amall quant ity o f 
another add, which, when again heated with hydriodic add to 170®, yields CflEPI, 
CO^ and pymatechin. 

By treating protocatedimc add {&om oil of cloves) with sodium methylate and 
methyl iodide, the methylic ether of dimethylprotocatechuic acid, C*H*(OCH*)*.CO*CH*, 
is obtained in colourless needles melting at 58®, and having a pleasant but faint 
aromatic odour. On saponifying this ether with potash-ley, and adding hydrochloric 
acid, dimethylprotocatechuic acid is obtained in needles melting at 170*5®, and 
exhibiting all the properties of veratric acid (Koerner, ehim, UaL vi. 142). 

M%thylethyl^Totooat€ehuic act'd, C*H*(0CH*)(00‘*H*).00*H, also called 
ethometho^benzoic acid, is formed by oxidation of ethyl-eugenol, 
C*H*(0CH*X0C®H*)C*H*, with ordinary chromic acid mixture, or better, by treating 
a solut ion of ethyl-eugenol in glacial acetic acid with potassium dichromate, it 
crystallises in colourless needles, easily soluble in ether, alcohol, and solutions of 
caustic alkalis or alkaline carbonates; melts at 190®. Heated to 120®-! 30® in a 
sealed tnbe with hydriodic acid, it yields ethyl and methyl iodides, together with 
protocatochuic acid: 

^ 2HI - CH-I + 0-H‘I + 

(Wassermann, Lieln^s Annalen, clxxix. 306). 

Met heneprotooatechuic acid, — 00*H, produced by heating 

protoeatechnic acid with metheno iodide and potassium hydrate, is identical with 
piperonylic acid, which is formed, together with its aldtdiyde, piporonal, by oxidation 
of piperic acid. Ethene-proiocatechuic acid is obtained in like manner by beating 
protoeatechnic acid with potash and ethene bromide (2fid Suppt, 982, 1024). 

Aldehydovanillic aei^, OH*(OH)(OCH*)^CO»HXOOH) fTiemann 

a. Mendelsohn, Deut. Ckem, Ges. Ber, x. 127S)^‘-This acid is formed, together with 
vanillin (methylprotocatechuic aldehyde), by the action of chloroform and a caustic 
alkali on vanillic acid : 

C«H*(ONa)(OCH»)(CO»Na) + 4NaOH + OHCl* « OH»(ONa)(OOH»)(OOH) 
Bodium TsnilUte. Bodlum-TudUio. 

+ 3NaCl + Na*CO» 4- 2HK) 

C*H»(ONaXOCH»)(CO*Na) ♦ SNaOH + CHCl* - C*H*(ONaXOOH»)(0O»NaXCOH) 

Sodium Tanillate. ScMlium-ald^yaovanlllate. ^ 

+ 8Na01 + 2H*S 

Vanillic acid (1 mol.) is boiled for -Ore or six bturs, in a flask fitted with a reflux 
condenser, with sodium hydrate (6 mols.) dissolved in twice its weight of wfAer, and 
chloroform (1 mol.) ; the product is dissolved in 6-8 parts of water, and the solution 
ia strongly acidulat^ with sulphuric acid, whereby a sparingly soluble compound is 
precipitate, which, after stanain^ for a few hours, may be separated mtratioxi. 
The Altered solution contains Tanillio, which may be separated by combination with 
acid sodium sulphite ; and the sparingly soluble substance contains the aldehyde- 
vanillic acid, which may also be extracted by ether, and separated from the ethereal 
solution by agitation with an aqueous solution of acid sodium sulphite. 

From the solution thus obtained the aldehydovanillic acid may be extracted by 
ether after the acid sodium sulpnite has been decomposed sulphuric acid ; and on 
distilling off the ether, the aldehydo-acid remains as a bard yellow crystalline mass 
which, after several reerystalUsations from boiling water, mav be obtained in ^ndar 
needles, having a ftunt yellow colour and silky lustre, and melting at 221®-222® 
(uncorr.) It dissolves easily in alcohol and ether, very spariogly in cold, somewhat 
more readily in boiling water. It deoompoM sodium carbonate with effervescenes, 
and nnites writh acid sodium sulphite, exhibiting therefore the properties both of an 
acid and of an aldehyde. 


as vanillic acid is a derivative of paraoxybenzoic add, in whiefi the OH‘ 
occupies the para-position with respect to the carboxyl, it may be expccU 


rap stiU 
that the 



f 
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action of chloroform and NaOH on thil acid will nva rise to an aldehydo-derivati^e, in 
which the OOH-gronp is likewise contiguous to &o OHf thus — 

CO*H ' CO*H 



Aldehydoparaoxy- Aldehydo- 

L enzoic add Tanillio add 




In accordance with this view it isCound that aldehyde vanillic add dissolves yi soda- 
ley with a deep yellow colour, and its aqueous solution gives a distinct red^sh-violet 
coloration with ferric chloride, both which reactions are likewise exhibited by 
salicylic aldehyde. 

Aldehy dodimethylprotooatechuio acid, 


« C*H*(OCH*)XCO*H)(COH). 

This is the composition of opianic acid, which is produced, together with h*en]ipinic 
(dimethyl-phthalicj acid, by oxidation of narcotine with MnO* and dilute sulphuric' 
acid, or with nitnc acid. dimethylated acid formed by direct substitution of 

methyl in aldehydovanillic acid has, however, not yet been obtained ; and it would pro- 
bably be isomenc, not identical with opianic acid, inasmuch as it would yield, by separa- 
tion of CO^H.amethyl- vanillin having theconstitntionCOH : OCH* : OOH**! : 2 ; 3, 
whereas it appears from the observations of Beckett a. Wright (CAcm. Soc. Jour, 1876, 
i. 281) that opianic acid, when decomposed by distillation, yields a methyl-vanillin 
having the constitution COH ! OCH* ; OCH* — 1:3:4, analogous to protocatechuic 
acid (Tiemann a. Mendelsohd). 

Trlosjrbensoto Jkeld, C*H*(OH)*.CO^. The only known modification of this 
acid is gallic acid, which may be pr^uced artificially^, by ^bstitution of OH for Br, 
from the monobrominated derivative either of dioxy benzoic acid, CO*H : OH : OH= 

1 : 2 : 4 (p. 289), or of protocatechuic acid 1:3:4 (Barth a. Senhofer, Deut. 
Chem. Gea, Ber. viii, 1484). The position of the bromine-atom in these two dioxy- 
acids is not exactly known, but each of them may give rise to three monobromo- 
derivatives, from which, by substitution of OH for Bp (fusion with KHO), the follow- 
ing trioxylbenzoic adds may be formed : 

From 1:3:4 dlozybensolc acid , Vmm 1:3:4 dioxybenzoic add : 


CO*H ; OH ; OH : OH 

12 3 4 

1 2 4 

12 4 6 


00-H : OH ; OH : OH 

12 3 4 

13 4 6 

13 4 6 

or 1 2 4 6 


The only forms common to both these sories are 1 : 2 : 8 : 4 and 1 : 2 : 4 : 6, one 
of which must therefore represent the constitution of gallic acid ; and this inference is 
corroborated by the fact that gallic acid may also be formed either from di-iodosalicylic 
or from di-iodoparoxybeuzoic acid (Barth a. Senhofer, ioo. cit.) ; but at present we 
have no moans of determining by which of«the two foirmulse its constitution is actually 
represented, but the 1 ; 2 : 4 : 6 is the more probable. 

When a solution of gallic acid in glycerin is diluted with an equal volume of 
water, the gallic acid crystallises out after some tin %9 (8. Qale, Pharm, J, Trans, [3], 
iv. 441). 

A solution of gallic acid mixed with slightly alkaline potassium or sodium araemte, 
absorbs oxy^n from the air, and aoquir^ a deep green colour (perceptible in solu- 
tions diluted to 1 in 20,000). Dilute acids change the colour to purple-red ; oonceu- 
trated acids to pale yellow ; alkalis reconvert the former tint, but not the ^tter, into 
green. Oxidising agents, for the most pa^ turn the liquid brown ; reducing agents 
decolorise it. Gallotannic acid does not give this reaction ; the presence of pyrogallic 
acid prevents it (Procter, Cham, Soc, Jeur^ [2], xii. 600). 

Gallic acid heated to 100^ with excess of bromine, is converted, with evolution of 
oafbon dioxide, into tribromopyrogalloL Tannin heated with commercial un- 
dried bromine also yields tribiomopyzogallol, a result which corroboratee SchifiTs 
view Q u npl* 1143) that tannin is an anhydride of digallic acid (Stenhouse, 
ZAdfi^a Annaten, clxxvii. 189) 
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Qmllio add treated in ^aeoiu eolutien erith potasdum ohiorata and fajdieohlorie 
add, is oonTorted, with Tioleat evolution of carbon dioxida» into iaotrichloro- 
glycerio acid, 0*H*CL*0^ (Sdueder^r ArmaUn, dxxdi. 282); tee Oltcbuo 

ACID. 

Oondensaiion-produet of. QoXUc odd . — K saturated aolatioil of gallic add in cold 
■water acidified with /tulphurio acid and treated with ciystaUised potassium permanganate, 
jdelds a body having the composition This compound is yellow andcrvstal- 

Hne, dissdvee vexy sparingly in water (which, however, it colours distinctly yeUow)i 
and is easily soluble in alcohol and ether. It may be heated to 180^ without altera- 
tion ; when strongl^r heated it carbonises, giving a slight sublixniite of yellow needles. 
Dilute sulphuric acid does not sfiTeet it on boiling, but the strong acid dissolves it, 
forming a solution from which it is thrown down, apparently unaltered, by watw. 
Potash added to water in which the substance is suspended dissolves it instantly, with 
fine gnsen colour, changing rapidly to blue, and ultimately to yellow. The potassium 
compound, formed by Ading potassium acetate to the alcoholic solution, is a red- 
brown, gelatinous precipitate ; after washing with alcohol and diying under the air- 
pump, it dissolves in water, forming a yellow solution, which is not affected by agita- 
tion with air, but on adding a drop of dilute potash-solution, the colour changes to 
green, blue, and yellow, as before. 

The^mpound may be reg^ardod as a condensation -product of gallic acid 

containing 2 atoms of hydroxyl less than 2 mols. of gallic add, and 2 atoms of 
hydrogen more than rufigalHc acid : 

CHIOHyjgO |Ojc*H«(OH)* C«H\OH)*jgO-®gjcW(OH)* 

Oallio acid <S mols.) Kew oompound, 

*q~q°|o»h>(oh)* 

Httflgsllio add. 

(Osor a. Flogl, Witn Akad, Ber, [2 Abth.l Ixxii. 168). 

•ulpliobanBolo fiLotd, gQaj^(Bemsen, LUbigU Annalmt 

dxxviii. 275). — Ordinary sulphobensoic acid, prepared by treating bensoie odd with 
sulphuric anhydride, has been previously shown by Remsen to be a mixture of the 
meta- and para-modifications, inasmuch as whed fused with potash it yields a mix- 
ture of met a- and paraoxybonzoic acids Suppl, 1113). Further experiments 

by the same chemist have shown the proportions of the two sulpho-acids to vary 
considerably in different preparations, the meta-modification however generally 
predominating. The circumsUnces which determine the formation of one or the 
other have not been very distinctly made out; the temperature of the reaction 
does not appear to have much influence on the result, lu one experiment in 
which the semi-fluid mass obtained by the action of sulphuric anhydride on beusoic 
acid was gently heated with a little fuming »<llphuric acid till the whole was dial 
solved, the piquet was found to consist chiefly of para-sulphobeniEoie acid, as on 
fusion with potassium hydrate it yielded a salt ■which crystallised from ■water^Jn well- 
defined crystals having the form and composition of potassium paraoxyliettsoate. 
Now the potassium salt of pure metasulpb^bmzoic acid is not converted into para- 
sulphobenxoate by fusion with potassium hydrate, the sola product of this reaction 
being metaoxybenzoic acid ; consequently the Mrasutpbobensoic acid must have* been 
formed directly, together -with the meta-acid, oy the action of fumiqg sulphuric acid 
on benzoic aci^ • * 

When the para-modification is present in considerable proportion, the separation 
of the two sulpbobenzoic acids may be partially effected by conversion into barium 
salts. The acid liquid is neutralired with barium carbonate, and the excess of terium 
removed by sulphuric acid. The clear filtered solution is then divided into two equal 
parts, the barium of the one portion exactly precipitated with sulphuric acid, and the 
two clear solutions mixed and evaporated to the c^stallisin^ pomt. The liquid on 
cooling deposits long, flat, needle-shaped petals of acid barium parasulphol^nzoate, 
and the mother-liquor When farther evaporated yields an 
additional quantity of these crystals, togsthsr with prims, apparently monoelinic, of 
the metasnlphobenzoate. When, however, the proportion of panuiulphobenzoic Skcid 
in the original product is but sm^ the separation cannot be effected in this way 
(Bemsen, lAMg't AamaUn^ clxxviii. 276). , 

VarMolpliolieMOlc Aeldt C'.CO’H.H.H.SO'H.H.H (Bemsen, loo. eU .) — ^Thls 
acid may be prepared by oxidadon of paratolnenesulphonic 26 mms of toluene 

are dissolved vnthout external heating in 200 grams of fiuning sulpnitric acid ; the 
solution after cooling is mixed with 2 volniries of water, and thb height of the liquid in 
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t]b« ▼•ml ^ noted ; moire water ia then added* and the jsrhola distilled till ithe lignid 
is reduced' to its originid Tolume; bj this means the anattaoked toluene is separated 
£rom the solution , of the sidpho-acid or acids. /Ihe solutioo is then left to cool* and 
160 grams of coarsely pounaed potassium dichromate are gradualljj^ added, the flask 
being heated in a water-bath till a brisk frothing is set up,^nd then removed. 

When the evolution of carbonic anhydride ceases* in^cating that the reaction Is 
complete* the solution is dilut^ with a l^ge quantity of water add neutralised with 
chalk* whereby the chromic oxide formed in the reaction* and the sulj^uiic aoid, are 
precipitated, while the potassium salts of the sulpho-acid or acids remain in solution 
together with a little neutral potassium chromate. The chromic acid is next precipi- 
tated by the requisite quantity of baryta- water* the iUtered liquid evaporated neatly 
to dryness* the remaining white mass neutralised with sulphuric acid, and a further 
quantity of that acid added just sufficient to set the> sulphobeog^ic acid free. Moderately 
strong alcohol is then add^ to pri^cipitate the potassium sulphate, the solutioq. being 
several times evaporated and the residue washed with alcohol till the whole of that salt 
is removed* and Anally the alcoholic solution is boiled and evaporated over the water- 
bath. The sulpho-acid thus obtained is dissolved in water* and the solution divided 
into two equal parts* one of which is neutralised with barium carbonate* whereby, 
after flltration and evaporation, the acid barium salt of parasulphobeuzoic acid is 
obtained in its characteristic form. 


The crude toluenesulphonic acid used for the preparation above described cbntained 
ortho- as well as para-toluenesulphonic acid ; but the product of its oxidation was 
not found to contain any orthosulphobenzoic acid. 

Parasulphobenzoic acid, separated from the barium salt by exact precipitation 
with sulphuric acid and evaporation of the filtrate* is very easily soluble in water* 
and crystallises from very strong solutions in colourless, transparent, non-deliquoscent 
needles (the jneta-acid is deliquescent). It melts at 200^* but begins to decompose 
before the melting point is attained. 

Potassimn paramlphohemoate^ obtained from the barium salt by precipitation with 
potassium carbonate, is extfemely soluble in water, but ultimately crystallises in 

I gO*Na 

well-defined transparent needles. The acid sodium salt, C«H* j CO®H 2JH®0, ob- 
tained by precipitating the barium salt with sodium carkonate* and addition of hydro- 
chloric acid to the filtered solution, Ibrms stellate groups of long colourless shining 
prisms. It is moderately soluble in cold, more easily in hot water. The correspond- 
ing meta-s&lt is less soluble, and crystallises in laminse. The j^arn-salt does not give 
off its water of crystallisation below 310°. All the other parasulphobenzoates* and 
likewise the meta-salts* exhibit the same property, though not in the same degree. 

The neutral barium salt, C’H^O*Ba + 2H®0, obtained by neutralising the acid 
salt with barium carbonate, is moderately soluble in cold, very easily in hot water, 
and crystallises in nodular groups of small needleb. The corresponding ?neta‘BaXt is 
easUy soluble, but is said not to contain water of crystallisation, The acid barium 
salt, (C^H®SO*)®Ba + 3H®0, prepared as'above described, is very sparingly soluble in 
cold water, and less soluble in hot water than the meta-salt. Like the latter it does 
not giv^up the whole of its water lielow 200 °, and may be heated to a much higher 
temperature without decomposing. The calcium salt is an amorphous powder, more 
soluble in cold than in hot water, and therefore precipitated when its concentrated 
solution is boiled. 

>Vlien the potassium salt of parasulphobeuzoic acid is heated with sodium formate* 
terephthalic acid is produced, together with small quantities of benzoic acid, and 
apparently also thiohydrobenzoic acid, butTuot a trac% of phthalic or isophtb^lic acid 
(Kemsen, he, cit,) 

r gO*B[ ^ 

Nitroparasulphobenzoio acid, C*H®(NO®) j is formed by the action 

of a mixture of fuming nitric and sulphuric acids on parasulphobenzoie acid (ii^fra) at 
the boiling heat. The solution, freed from nitric acid by evaporation, then diluted 
with water and neutralised with barium carbonate, yields a salt which crystallises in 


concentric ^oups of long, shining, ^Iden-yellow needles, moderately soluble in hot* 
less soluble in cold* water* and havi^ the composition of neutral barium nitropara- 

snlphobenao^, C*H*(NO«)|^;^Ba + liHK). 

The ^rraponding salt of nitroinetasulphobenzoic acid (v. 487) is easily soluble, 
ax\^ crymlHsee with 1 } and 3 mols. water. 

Parasulphbbenjn^'mio acid, C^H’NSO^ « C*fl*<[ 00 *Q^^ (Remsen, he, otf.)— 

** ^ 4 "MU* 

This acid is formed by jpjiidation of paratqluenesulphamide* • Seven 
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■» . ■ ^ ^ 
gvaaui of Jha ftinido m added to & mixtuza of ^ gToina of potnesiam dicliromate aad 

30 ^ttou <fi stiot^ siilphuri<r odd diluted with 3 we. water, and left to hod the 
liqiud If heated oyer a emal!^ gaq ^fiame UU the product of the axidation hae com* 
pletely eeperated ^ the liquid alter cooling ie filtered, and the solid pro^ket washed 
with cold water. *The sulDhobensamic is thus obtained in fine eryetals, which 
may be completely pu^fied by once recrystallieing them from ^ter. 

Paraeuii^obeinamie acid le nearly insolnlfie in cold, only slightly solubla in hot 
water, aad^' czystallisee from the aqueous solution in fiat, higluy lustrous prisms, 
sometunea more than an inch long. It dissolyes easily in alcohol, and separates 
the elution in smaller crystals. From the alcoholic solution, either hot or cold, it is 
precipitated by water in the crystalline state. It melts at a yery high temperature, 
but decomposes before the melting point is a^ained (Remsen, Li^ng*a Annalei$t 
dzxyiii. 209). , 

Metasulphobensamic ^id, 0*.SO*H.H.SO*NH*.H*. obtained by heating salpho> 
benzamide or ammonium sulphobemeoate sHth potash, crystallises in needles or rhom- 
bohedrons melting at 200^ (v. 485). 

Ammonium paraaulphobengamaie, obtained by dissolying the acid 

in ammonia, crystaUises in needles or long laminie, very soluble in water, and easily 
forming supersaturated solutions which solidify on agitation, &o. The metasulpho* 
benzamate crystallises in laminse. 

Barium parasulphoheneanuUe ,{0*K*SO*'SyBti-^'SiK>t prepared by boiling the acid 
with barium carbonate, forms spherical groups of crystals very soluble in water. 

Ethyl yarastUphobemamaU, is produced by passing dry hydrogen 

chloride into a solution of the acid in absolute alcohol, and gently heating the solntion 
on the water* bath. From this solution, evaporated to a syrupy consistence, it aepa- 
rates on cooling in veiy slender noodles. In water and in ether it is less soluble tnao- 
in alcohol, and in cold less than in hot water. When boiled with water it melts 
under the liquid before dissolving. From the hot aqueous solution it separates on 
cooling in parallel groups of needles having a silky lustre and sometimes two or three 
inches long. The molting point exhibits a remarkable anomaly. The crystals melt 
at 110^.111^, but if the fused mass be then left, to solidify by cooling, it melts imme- 
diately afterwards at 94^-95^, the melting point, however, continually rising as the 
solid mass is left longer aft(‘r the first fusion, till in about two hours it returns to the 
original Lemperature, llO'^-lll^ (liemsonjl. 

EthyUmetaoulphobensarnaie (v. 486) crystallisos in monoclinio prisms. 

SuLPHOBwoMOBKKzo 10 Acios, 0*H*Br(S0*H)(00*H^. — ^The sulpbometa- 
bromobenzoic acid whidi Koeters van I^nnep obtained by heatinj^ bromobenzoic acid 
with sulphuric anhydride (2nd Suppl. 1114), is oonverted by sodium-amalgam into a 
sulphobenzoic acid, the constitution of which has not yet been determined. By 
fusion with potash it yields a di ox y benzoic acid ; and when fused with sodium 
formate, a very small quantity of trimesic acid (Bdttinger, Bout. Chom. 
vii. 1778). 

Balphoparahr<ymohmtovD Acid , — When vapour of sulphuric anhydride,!# 
into pambromobeneoic acid, and the resuXUng liquid is heated for a day to IfiO**, the 
whole is converted into a mixtnre of two smpho-acids, one yielding a very solubla, 
the other a sparingly soluble barium salt. The acid separated irom the fi^ of 
these (fi'sulphoparabromobcrzoic acid) is identical with tmit which Weiss ob^ined 
(Jak^b. /. Cl^m. 1873, 65^ by oxidation of )3-parabromotoliibnesn)phoiiic aeid, 
C*.cA80*H.H.Br.H*, with cnromic acid. It is a very soluble crystalUiie mass. 
Its fMttHlIfiorfum sa£f, C*.CK)O.SO*.O.H.Br.H.H, forms small, very soluble mierosoopie 
UBaJ 

four-sided plates. The neutral oaldum Malt, likewise anhydrous^ foram extremely 
soluble microscopic laminss. The lead, potassium, and sodium salts are also extrsmely 
soluble fW eiss). 

The less soluble barium salt obtained by Bdttinger, wMeh constitutes the ohief 
part of the product, crystallises in Urge hard groups of transparent crystaLi eontain* 

3 mols. water, 1 moL of which U given off at 220^. The acid barwm salt is aleo 
very dightly splnble, and oystaUisss in needles containing 3 mols. water. Ke 
copper Malt crystallises in broad, blue, extremely aoluM needles, conUining 
3HH). The free acid is obtained, by evaporation over the water-bath gad in tha 
exaiccator, in long thin transparent prisms (Bottinger). This acid should tw ideigical 
with that which Hasselberth obtained {Jaimb. 1873, 656) by oxidation of a-pa^ 
bromotolnenseulpbonic acid, C«.CH*.H.SO*JB[.Br.H.H., ein4p 

can yield only two snlphonic ackb^^Hk those In which the 
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radicles CSO^, SO*H, and Br are resfiectiTelj in the positions 1:2:4 and 1:8:4, 
and, in fact, the only difference observed between the adlds described by Hasselbarth 
and by Bottinger is that the barium salt of the formeifcrystallises wi(h 8 mols., that 
of the latter with 1^ mol. water. The neutral calcium salt of Huiselbarth’s acid is 
anhydroas, more soluble than the other salts, and crystallises in small needles, which 
under the microscope appear as four-sided pointed prisihs. The neutral lead salt, 
C*H*Br.SO*.Pb.CO* 4- 2H*0, forms groups of small needles. The acid potassium saU^ 
OH*Br.CO^H.SO^K, crystallises in long slepder colourless needles. 

Su^hortAobromobeneoic acid, C*.CO*H.Br.SO*H.H*, or C®.CO*H.Br.H.H.SO*B[.H, 
is obtained by oxidation of orthobromotoluenesulphonic acid with chromic acid mixture, 
whereby, however, a considerable portion of the bromotoluenesulphonic acid is burnt 
to carbon dioxide and acetic acid. 

Acid potassium sulphorthobroTnobeneoate, C®H*Br.SO*K.CO*H -4- 1^H*0, crystallises 
in large thin laminse resembling naphthalene, which trayerse the liquid in fan>shaped 

groups, and are very soluble in water. The neutral barium salt^ C^H'Br.^QjBa + 2H*0, 

separates from its syrupy aqueous solution, after several weeks, in indistinct deliquescent 
scales. By mixing its aqueous solution with a quantity of strong alcohol sufficient to 
produce a permanent precipitate, and covering the liquid with a layer cf alcohol, the 
salt is obtained in tufts of long, slender, shining, colourless needles, which are extremely 
soluble in water and in alcohol, and give off part of their crystallisation- water over 
sulphuric acid. The neutral ccdcium scdt^ which is also extremely soluble, forms long 

SO* 

needles having a silky lustre. The neutral lead salt, C*H*Br.^Q 55 pb + 2H*0, crystal- 
lises in small, dolicato, white, shining needles (Hiibner a. Betschy, Zeitschr. f. Ckem. 
1871, 629). 

SUI.PHOFARACHLOKOBKNZOIC Aci D, 0*H*Cl(S0*II).C0*H(C0®H '. Cl = I : 4), 
is prepared by passing the vapour of sulphuric anhydride into parachlorobenzoic acid 
dried at 100®, and finely triturated; or by mixing parachlorobenzoic acid with fuming 
sulphuric acid at the ordinary temperature, and promoting the reaction by gently 
warming the mixture. Its formation is accompanied by that of a small quantity of 
an isomeric acid, from which it may be separated by crystallisation of the lead salts. 

Sulphoparachlorobenzoic acid crystallises from* its aqupous solution in white needles 
containing 3 mols. of water. When heated it yields a sublimate of parachlorobenzoic 
acid. The lead salt crystallises in rliombic tables, with 4 mols. of water ; its hot 
aqueous solution readily deposits a basic salt. The barium salt forms tabular crystals 
with 3 mols. of water. The copper salt is deposited in long bine needles, containing 
6 mols. of water and deliquescing in the air. The neutral potassium salt czystalUses 
in needles (Th. CoUen, DeuU Chem, Ges. Ber, ix. 758). 

Hisulpliolieiixoio AoMf C*H*(SO*H)*(00*H). Barth a. Senhofer {Liebig*s 
Annalen, clix. 217) prepare an acid of tnis oomposition by heating 10 grams of beiUBoie 
acid with 20 of strong sulphuric acid, adding, after cooling, 15 of phopphoil^aiihydride 
and 16-20 of a mixture of sulphuric anhydride and strong si^hurio 
the mixture for throe or four hours ^n strong glius tulws. Tne aqueous S^wjflwD^f 
the brov^ thick liquid thus obtained is neutralised with barium oarbonat^ 804 ^1^^ 
filtered and concentrated solution is mixed with hydrochloric add, whereupon the 
acid barium salt, C*H*(CO*H).(SO*)*Ba + 2H*0, separates in tufts of microscopic 
needles, which are anhydrous when dried at 160®. The neutral barium salt, 
(C*BC*S*0*)*Ba* + 7H*0, obtained bjr boiling the solution of the acid salt witli barium 
carbonate, crystakises in small well-defined prisms, which give off their water at 160®. 
The copper salt, (O^H*SW)*Chi* -i- 8iH*0, ia^ a light ^een crystalline mass made np 
of slender microscopic needles; gives off its water at 180®. The silver salt, 
C^H*S*0*Ag* -I- 2H*0, is a white crystalline precipitate which blackens but slowly on 
exposure to light ; anhydrous at 130®. The cadniium salt is a white crystalline 
very soluble mass. The sodium salt forms large, thick, well-defined prisms very 
soluble in water. The pottissium salt, C'H*S*0*E1* -r 1^H*0, forms soft slender needles, 
which give off their water at 130®. The free acid is beat prepared by treating the 
neutral barium salt with as nearly possible the exact quantity of sulphuric acid 
required to decompose it, evaporating the solution to dryness, dissolving the r^due, 
in case it still contains barium, in absolute alcohol, distilling off the alotmol, redissolv- 
ing the residue in water, and leaving the solution to evaporate in a vacuum over 
Bulphurio arid. As thus obtained, it forms a whi te, crystalline, extremely hygroscopic 
mass, consisting of microscopic needle-shaped prisms. It often separates in smooth 
neeales an inch long when the contents of the tubes in which it ie prepared are mixed 
with a little water, and left for some time in an open vessel. The amount of water 
in the acid crystallised at ordinary temperatures has not been determined. When 
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dried at 1S0°> at vludh temjymfarife it alrHldj bagiat to ton brawn, it tii* 
oomporition O^CO*HX80*B)'-<' H>0. 'Wben heated to t40» it tnma quite brawn, 
and appears give off its wat^ of crysUdlisation* * 

By fVision with potash, ^s acid is oonveried into a dioxybeasoio aoid, 
C*H*(OH)*.CO*Hg whieh melts at 220**, and is not eolonred bj fetrio ohloride. 

^ Another disulphobensoic acid is obtained by oxidaUonof a-toluenedisulphonio 
acid with chromic acid mixture. Its potammm mU, C*BP(S0*K)\00*Kj^ 2B[K>, 
fornu large brittle easily soluble prisms. The acid poUuHum soK, HK), 

is distinguished by^ its ^reat facility of CEystaUisa&n, and sparing solubility * The 
Aorium saU forms indistinctly ciyst^ine granular masses. 

By fbsion with potash, this acid yields a dioxybensoic acid apparently idsntioal 
with that which Aacher obtained from para-nitrotoluene (2nd Suppl, i82), melting 
in the ciystsUi^ state at 148^. in the dehy^ted state at 104^, and coloured dark 
Tose-red by ferric chloride. This dioxybeneoic acid — and, therefore, the dtsul^obeuioio 
acid fmm which it is prepared — has the constitution 1:2:4 (00*H in 1) (P.Hakanaon, 
JhtU. Chsm. Ges. Ber. v. 1088). 

Xlitobensolo 4Leld« 0’H*0 *S b C*H* | T his acid, the sulphur 

analogue of oxybenzoic acid, was discovered by Hubnor a. Upmann, who prepared it 
by the action of nascent hydrogen on eulphobensoic chloride, C*H*.OOOU.SO*Ol 
(2nd S^ppl. 1155). The product which they obtained appears, however, to have bean 
a mixture of thio- and dithiobenzoic acids ; and. moreover, it is by no means certain 
that the sulphobenzoic acid from which it was derived consisted of one modification 
only. The investigation has therefore been continued by Frerichs (Dent, CAem. Gm, 
Bet. vii. 792) with thiobenzoic acid prepared from sulphobensoic chloride obtained by 
decomposition of woU-ciystallised soaium metasulpho^nzoate. 

The acid, purified by volatilisation in a stream of carbonio anhydride, forms 
delicate colourless laminae melting at 146^-147°. When dry it volatilises in the air 
without decomposition. It is moderately soluble in water, more freely In alcohol. 

The motalUc thlobenzoates were mostly prepared by double decomposition from 
the ammonium salt. From their sparing solubility, the colour of some of them, and 
the circumstance that sulphur in its compounds often exhibits ^eater affinity fo^ the 
metal than oxygen does, it is infcrr^l that the metal in the thiobenzoates is directly 
combined with the sulphur, their composition being accordingly represented by the 
formulae : » 

c.h<S3-m-oh 


The silver Bolt, AgS.C'H^.COOIT, is a lemon-yellow prsclpitats, formed of well- 
defined microscopic crystals. 

is a green precipitate, made up of well-ddfined 
^VOOOH^ i- aHK), or C!*H*c;^5-'Pb + 3HK),aj»yl)«fomed 



hvellow precipitate, by addiog lead acetate to an a^eous 
thiobenzoic acid. . . 

The mercuric eali, « formed by dissolving mercuric oxide 


in the free acid, and sopaxatc^ from the solution in colourless capillary needles. ' 

The barium salt, Ba<^g~^|^! TOoS is a nearly white precipitate. 

gpr 

Bromothiobeneoic acid, C*H*Br^QQQjr, formed by the action of tin and 


hydrochloric acid on liquid broidoBulphobenzoic chloride, erystsUiies in thin colonrless 
plates, somewhat sparingly soluble in cold water, not so easily altered by exposure to 
moist air as thiobefwie acid. It volatilises without decomposition, and melts at 1 92^- 

194». The leadMlt, 2H«0, + 8H«0. 

separates on adding lead acetate to the ammonium salt, as a lemon-yellow, Insoluble, 
errstaUine precipitate (Frerichs). 

0*HKX)0HS 

MtHiol^iiaole AelAf J (Hfibner, loe. eii,) This acid. 

CW-COOHS 

originally obtained by Hubner a. TTpmann, is easily formed from thiobenzoic aeia by 
exposure to the air in the mmst state, or more quickly pj treating the aqneone 
solution with bromine- water : 
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^ S(C««.CO»HJ3H) +»0« - H»0 + C>‘H“0«» 

2(0*m00«.SH) + Bi» - 2HBr h<,0“H«0«*: 

also, according to Griess (iT*. pr. CAm._ciz. 102), d^eomposing the anrochlorida of 
diai^benzoie acid with hj^gen sulphide. ^ 

Bithiobenzoie acid is nearly insoluble in watei^ very slightly soluble in alcohol, 
and crystallises ^ microscopic needles meltug at *i42^>.244^. 

The metallic dithiobenzoates, obtained 1^ d^le decomposition from the ammo- 
nium salt, exhibit no resemblance Whatever to the metallic deriyatives of the 
thiophenois. The haHv/m. salt^ (C^H^CO^*Ba + 3H^, is a white precipitate insolu- 
ble in water, and giving off } mol. H*0 when left for a long time over oil of vitriol. 
The hopper salt, [C*H*.SCOO(CuOH)]^ + 6H*0, is a light blue non-crystalline precipi- 
tate, insoluble in water. The lead sMt, (0*H^S.OOO)^b + H*0, is a white precipitate 
insoluble in water. The silver salt, C®H^.S.CO*Ag + 1^H*0, is a yellowish-white preci- 
pitate insoluhle in water. This.^lt and the mercuric salt are not produced by treat- 
ing the respective oxides with free dithiobenzoic acid. A soluuon of ammonium 
dithiobenzoate mixed with mercuric chloride gives a yellowish- white precipitate, 
apparently consisting of the mercury salt mixed with mercurous chloride. 


The following table gives a comparative view of the structure and principal 
properties of the derivatives of benzoic acid : — 


Abbreviated 
symbol of 
comx>ound 

Fbyglcal properties 

PositionB of the substituted radicles 
(00-H in 1) 

Ortho 

3 

Meta 

8 

Para 

4 

Meta 

0 

Ortho 

6 

Cl 

• 

Needles; in. p. 137°; more soluble in 
water than the o- or m-modification. 

Cl 

— 

— 

— 

— 

— 

Needles ; ni. p. 152® ; very slightly 
soluble in water 

•• • 

Cl 

— 

— 

— 



Scales ; m. p. 234° 




Cl 




C1.C1 

Needles ; m. p. 201° ; sftghtly soluble in 
water 


Cl 

Cl 


— 


/ 3 . Shining needles ; m. p. 156° ; b. p. 301° ; 
soluble in 1,200 pts. cold water ; more 
soluble at 100° 


Cl 



Cl 


y. Small needles ; m. p. 126*6® ; easily 
sublimable ^ 

Cl 

— 

Cl 

— 

■— 

hr 

Long needles ; m. p. 147°-148° ; more 
soluble in water than m- or p- 

Br 

— 

— 

— 

— 

— 

Needles ; m. p. 166® ; sli^tly soluble in 
water 

— 

Br 

— 

— 

■— 

€- 

Needles; m. p. 260° f nearly insoluble 
in water 


— 

Br 

— 

— 

, Br.Br 

Small needles ; m, p. 227°-230P; slightly 
soluble in water, easily in alcohol 

— 

Br 

Br 

— 

— 

“ 

Separates from water in docks ; m. p. 
203°-209° ; sublimes in flat needles 

— 

Br 

■ 

Br 

— 

— 

Mrfts at 161°-162° 


Br 



Br 

I 

Needles ; m. p. 169° ; easily sdblimable 
Needles; m. p. 185°-187°; sublimable; 
slightly soluble 

I 





— 

— 

T 

H 

— 

— 

— 

Lamines ; m. p. 267® % 

— 







Prism ; m. p. 143° ; soluble in 164 pts. 
water at 16*5° 

NO* 

— 

H 

— 

— 

— 

Needles or laminas ; m. p. 141®-142° ; solu- 
ble in 425 pts. water at 16*5° 

— 

NO* 

B 

— 

— 

r" — 

Yellowish laming ; m. n. 240° ; less solu- 
ble than m- 

— 

— 

NO* 

— 

— 

NO».NO» 

Prisms; m. p. 140°; with Sn and HCl 
yields (1:2:6) diamidobenzoic acid 

NO» 

— 

— 

NO* 

— 

- 2 

f* 

r 

Rhombic plates or prisms ; m. p. 179®. 
With Sn and HCI yields <X>* and (1 ; 8) 
diami dobenzene 

NO* 


NO» 


— 

- “ 

Felted needles ; m. p. 202°. With Sn 
and HCl yields CO> and (1 : 8) diami- 
dobanzena 

NO* 




NO* 












I Ablmvlttted 
i of 

I oompound 


NO«NO» 

NO«.Br 

NH* 


NHCC^H^) 

N(C3H*)« 

N(CH«)« 

NH(C«IP()) 


KH*.NRa 


- f 

NH9.Br 


NHa.NO* 


NH»J^O*.NO» 


BBKZOIC ' AOID^ (SUBSTITUTBBD). 


properties 


Crystallises fixan water in Ivge iqnare 
plates, from alcohol in prisms ; m. p. 
204°-205o With Sn and HCl yields 
(1:8:5) diamidobenzoic acid 
Meita at 250°; very slightly soluble in 
water 

Melts at 140°~141°; more soluble than 
1:2:8. Both these acids are reda-» 
cible to (1 : 8) araidobenzoio acid 
Thin prisms or laminie ; m. p. 144° ; easily 
soluble in hot water and in alcohol 
Needles ; m. p. 173°-174° ; very soluble in 
hot, slightly in cold water 
Long needles ; m. p. 180°-187° ; moderate^ 
Iv soluble 

Ethylamidabenzoic acid . — Prisms ; m. p. 

112°. Unites with bases and with acids 
Dvethylamidobcnzoie acid : — ^m. p. 80° ; 

otherwise resembles the last 
Short broad needles ; m. p. 2S5° 
Acetylmetamidoftenzoie arid . — CiystaUinc 
powder, nearly insoluble in cold water 
and ether; slightly soluble in boiling 
water, easily in l*oUing alcohol ; melts 
at 220°-2a0° ; sublimes at 200° 
Acetyl’p-amidobenzidc acid. — Needles 
slightly soluble in water; more easily In 
alcohol ; m. p. about 250° 

From (1 ; 5), nitraibldobenzoic acid 

(NO^ in 2), Meedlcs or laminae slightly 
soluble in cold water ; resolved by Siistii- 
latiou into CO'‘* and (1 : 4) diamidoben- 
zeno 

From (i : 2 : S) nitratnidobenzoic acid 
f NO* in 2). Similar to the lost ; yields 
(1:2) diamidobonzene 
From (1 : 8 : 4) nitraniidolieiizoic acid 
(NH* in 3). SiroiliAr to the preceding ; 
yields (I ; 2) dlamidobenzcne 
From the three corresponding dirylrcbch- 
zoic acids. Kesolvcd by distillation into 
CO* and (1:8) di.'''midobenzeno. #The 
(1:3:5) acid melts at 240° 

From (1 : 8 : 4) nitrobromob^nzoic acid. 
Colourless or Ligbt-ycUow needles, m. p. 
220°-22F 

Needles slightly soluble in water; m. p. 

17l°-172° » 

Needles slightly soltfble in water; m. p. 208° 
E^itro^m-amidobenxtnc ocufs. — From the 
three corresponding dinitro-uramidoben' 
zoic acids by boiling with water; yel> 
low needles ’ * 

Nitro-p^midobenzoic acut— From dinitrO' 
p-uramidobenznic acid ; deep yellow 
needles ; m. p. 284° 

Nitro^o-amiilobenzoie acid — Long ne'^dles; 
m. p. 205° ; reduced by sodium amslgsm 
to (1 ; 2^ amidoboizde acid 
Long nesmes; m. p. 270°; reduced like 
the last 

Chrymmuic acid. — Gold^-rellow needles, 
m. p. 259 ; nearly insoluble in odd water 
By reduction of cbiysaniaic add. Shining 
needles with Besolved by distiU 

lation into CO* and (1 '.3:4:6) triaini> 
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t BENZOIC ACIDS (SUBSTITUTED). 


Ablnrrdatvd 

fliyinbolof 

compound 


Ffayalcal properties 



O.C®H ®0 


OCK-»JIO» 


OH.NO>.NO> 


Salictflic tMcid. — Prisma ; m. p. 155^-16(S° ; 
subliming when slowly heated ; decom- 
posed by rapid heating into GO^ and I 
phenol ; very slightly soluble in col^ 
moderately in boiling water, easily in 
alcohol and ether; gives deep violet 
colour with ferric chloride 
Oiybenzoie add. — Microscopic plates or 
nodules of larger crystals ; m. p. 20(P ; 
distils almost undecomposed ; slightly 
soluble in cold, more fredy in hot water. 
Ko colour with ferric chloride 
Faraoxybenzoic aciri.— Crystallises from 
water in monoclinic prisms with IH^O ; 
melts (anhyd.) at 210®, partly decompo- 
sing into CO^ and C^H^O ; more soluble 
in cold water than (1:2); still more in 
hot water and in ucohol. With ferric 
chloride, yellow amorphous prisms solu- 
ble in excess 

Colourless plates ; m. p. 98*5® ; resolved at ( 
200® into CO^ and anisol ; riightly solu- 
ble in cold water, easily in hot water 
and in alcohol 

Long needles ; m. p. 106® ; subliming un- 
decomposed ; 'slightly soluble in cold, 
easily in hot water and in fdcohol 
Anitic add. — Large prisms ; m. p. 176® ; 
sublimable ; nearly insoluble in' cold 
water, easily soluble in alcohol 
Badiate mass; m. p. 10*5®; resolved at( 
800® into CO* and CeHs.O.CaH* 
Colourless needles ; m. p. 187® 

Needles $ m. p. 195® ; sublimable ; slightly 
soluble in boiling water 
Slender colourless prisms C 

Colourless crj’stals ; m. p. 127® 

Colourless needles ; m. p. 172*5®. Soluaon 
coloured violet by ferric chloride 
Colourless needles ; m. p, »164®-166® ; sub- 
limes at 150®-16o®. Kesolved by heating 
with lime into CO^ .'iud (1 : 4) biorno- 
phenol 

Melts at 219®-220® ; more soluble in water 
than (1:2:6) 

Produced simultaneouslr, together with < 
C®H*(OH)19.COaH, by the action of 
iodine and HgO on alcoholic salicylic 
acid. One melts at 184®, the other at 
195®-196® ^ 

White felted mass ; m. p. 220® ; violet 
with ferric chloride. Fused with KOH 
yields gallic add ^ 

AitrotalicyUc add (ortho-). — Crystallises 
with IHSQ in needles melting at 126® ; 
deh}'drated add at 144®-145® 
NitroaalicyHc <Mdd (para). — Long anhy- 
drous needles ; m. p. 228® ; slightiy solu- 
ble in cold water; solution cdoured 
blood-red by FeKJl® 

JBfitro-p-oxyboiixoie addL--Small flesh-col- 
oured cryBtals 

Ifitmninc add. — Shining oiystals ; m. p. 
186®-187®, Heated with water to 220® 
yields CO^, methyl aloohd, and ortho- 
nltropbenol 

ZKat'fro-p-ojcyhenaoic actd . — ^L?ght-yellow 


- OH — . 


OCHM — — — 


— OCH» 


— OC*H» — 
__ — OC3H5 

OC*H»0 — — 

— OC*H*0 — 

OH — — 


OH Br — . 


OH — I 
OH — — 


OH - I 


OH NO» — 


— NO» OH — 

— NO* OCH* — 


— NO* I OH 










BENZOIC ACIDS (SUBSTITUTED) 


SOI 


AbtmrlEtsd 

SjmboloC 

oomponiui 




OH.HP« 


bH.NH(C*HH)) 


OH.OOH 


OILOn 


OH.OCH* 


OC»H*O.OCH* 

OCH*.OCH» 


OCH*,OC>H» 

0C3H*.0O*H* 

O— CH*-0 
O 

I i 

OCH»OH.COH 


• ‘ 



or taronze riiombic plates ; m. p. 285*’- 

287® » K 

Dmilmfunc ocui.— Long shining needleOi 
m. p. 181®-182® (Sikowski). Heated 
with water |o 16^, it yiddt dinitro-j»- 
oxrbeazoio acid, and then A-dinitro> 
phenol: C».NO».OH.NO».H» 

jimidotaMcy/ic acid (ortho-). — HydrochIo> 
ride forms decompoaible, easily soluble 
needles 

— (para). Hydrochloride forms small, 
tmck, orowmsh needles, easily soluble 
in hot water 

Aeetyi-p-amidouUicyiie atid . — CrystalliseA 
at low temperatures with 1(W in thick 
colourless needles, very soluble in water 
and alcohol ; m. p. 218*=* 

AldAkyda^wnlifyUc add (ortho-). — Delicate 
needles ; m. p. 166^. Caldum lialt dis- 
tilled with lime yields salicylic aldehyde 

— (para-). Delicate yellowish needles ; 
m. p. 248^-249^. Carsalt distilled with 
lime yields /»-03tybenzoic aldehyde 

Alde^da-p-axybenzoic acid.— Thin yellow 
pri^s; m. p. 243*^-244^. Ca-salt dis- 
tilled yields salicylic aldehyde 

DioTvbMtoic acid, — Prisms or thin needles 
melting with decomposition at 222*^ ; not 
coloured ty ferric chlbride 

Needles with 14 or 241130; in. p. 148<>( 
anhyd. at 1§4®. Dark roae-red with 
ferric chloride 

Oxycalieylic add . — Anhydrous needles or 

C risma ; m. p. 196®-197®. Decomposed 
y heat into CO^ ukd hydroquinone. 
With Fe*Cl® deep blue, changed to rod 
by NH* or dilute Na®CO* 

J^rotooatechuie acid, — Laminie or needles 
with iHaO i melts (anhyd.) at 199® 
Decomposed at higher temjMrat^are into 
GO* and pyrocateebin. With Fe*Cl*, 
green, changed by dilute Na^CC^tcblue 
and 

Fanifftc acuf.— White laminar mass ; m. p. 
211®-212®; snblimable; no colour with 
ferric chloride 
JiooaniUie add, — m. p. 250® 

AadovanUHe acid.— Needles ; m. p, 1420 
Veratric add, — Cokiurleu needles ; m. p. 
179-6®. Heated with lime yields GO* 
and dimethyl-pyrocatechin 
Kthjfl-winUlic oewt— Needles ; m. p, 190® 
DUdtyl’^ratocaUdmic add, — Needles ; 

m. p. 149® 

PweroH^tic acid,— Needles ; m. p. 228®. 
Sublimable. Resolyed by beating with 
HCl into protocateehuie acid and carbon 
JSihene-protoceUcckuie add, — S b i il i n g 
prisms ; m. p. 188*6®. Sublimable 
AuUkvdomii^ add . — Silky needles ; m. 
p. 2210-222*’. Bed-violet with tbrric 
chloride 

GaBieadd, — Slender sOkj prisms with 
1 moL H*0. Blue-black prisms with 
ferric chloride. Bednees gold and silver 
solttrioos 
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BENZOIO AliDE^^p. 


AbbrevlAted 
symbol of 
compoiuid 

Fhysioal properties 

l^Uons of the substftntcd zadleles 
[ (00-Hinl) 



para 

4 

Meta 

6 

Ortho 
. 6 

SO*H 

Stdphobenxoic acid. — Crystalline, very 
deliquescent, strongly acid mass. Dis- 
tilled with PCI®, yields m-chlorobenzoyl 
chloride. Bibasic 

Needles ; veiy soluble, but not deliques- 
cent ; m. p. above 200^. Bibasic 


SO^H 

SO^H 



S05H.SO»H 

S03H.SO»H 

Deliquescent prisms, « Tribasic 

Convertible into (1:2:4) dioxybenzoic 
acid 

Thiobenzoic acid. — Laminae moderately 
soluble in water ; m. p. 146®-147®, When 
dry, volatilises undecomposed in the air 

iSO“H 
1 or 
SO»H 

SO^H 

SO>H 


— n 

S^H 

SH 

■ 

SH 



— 


BBirxozc abbubtaii, aBxrzii.Bi>BBn>ii, or 8B»ru.Zi, G*]d*.GHO. 
This compound is foraied in small quantity, together with several other products, by 
heating benzyl chloride, C’H’Cl, with water (Zincke, Deut. Oiern. Gea. Ber. vii. 146). 

SolubUity, — According to Fliickiger {Arch, Vharm, [3], vii. 103), the ordinary 
statement that bitter almond oil dissolves in 30 parts of water is founded on an error : 
he finds that pure berizaldehyde (separated from its compound with acid sodium 
sulphite) is very slightly soluble in water, not dissolving completely even in 300 parts 
of water. 

On the Formation of Hydrohenz&in and laohydrohenzdin by the Action of Sodium- 
amalgam on Benzaldehyde in Aqueous or Alcoholic Solution., see %nd Suypl, 171. 

On the Compound of BenzaMehyde with Urethane, see Ubbthanbs. 

Clilprolieiisaldelij'dey or/Ao-m^ification is formed by heat- 

ing orthoohlorobenzalchloride, C“.GHul*.Gl.H^ (chlorobenzylene chloride, Is^ Suppl. 
281), with water to 170®f and distils over with the aqueous vapour as a colourless 
oil, smelling like bitter almond oil, having a sp. gr. of 1*29 at 8°, and boiling at 
210^-220^. It forms a crystalline compound with acid sodium sulphite. It dissolves 
in fuming nitric acid, and water added to the solution throws down the compound 
G*H*(NO*)Cl — GHO, which crystallises from alcohol in small needles. By oxidation 
with chromic acid mixture, orthochlorobenzahiehj'de is converted into orthochloro- 
benzoic acid, G*.GO*H.Cl.H^ (L. Henryj^^tt^. Chem. Gea. Ber, ii. 136). 

The para-modification, G*.CHO.H.ltfGl.H* is formed by passing chlorine into bitter 
almond oil mixed with iodine ; by boiling chlorobenzyl chloride, G®H^C1 — CH'-'Cl, with 
a solution of lead nitrate ; and by beatmg parachlorobenzal chloride, C*.GH0L^.H.H.G1.H*, 
with wAer. It is a colourless li<^uid which boils without decomposition (Beilstein a. 
Kuhlborg, Liebig's Annalcn, cxlvii. 339), add when exposed to the air quickly absorbs 
oxygon, and is converted into paruchlorobenzoic acid (Berlin, ibid. cli. 140). 

Biohlorobenzaldehyde, G®lI*Gl*.OHO, is formed by heating dichlorobenzal 
chloride, C®H*Cr\CHCl* (Is^ 282), with water ^o 200®. The product is washed 

with weak ammonia, and agitated with a s&ong solution of acid potassium sulphite ; 
and the resulting double s^t is washed with cold water and decomposed with soda- 
solution. The aldehyde crystallises in slender needles, and volatilises with aqueous 
vapour. Its vapours attadk the eyes. It dissolves ih alcohol and in a large quantity 
of hot water. On exposure to the air it is converted into dichlorobenzoic acid melt- 
ing at 128® (1 : 2 : 4), see p. 265. Hydr^en sulphide, passed into its alcoholic 
solution forms an amorphous precipitate (Beilstein a. Kuhlberg, lAebifa Anualen, dii. 
^ 24 ). 

Trichlorobenzaldehyde, G®H''<G1*.OHO, is formed by heating the chloride 
0HK3l*.0H01* (l8< Su^l. 283) with water to 260®, and purified in the manner above 
described. It crystallises in white slender needles melting at 110®-! 11®, easily 
8oluV«J alcohol, insoluble in water even at the boiling heat ; has a pungent odour ; 
nacts with hydrogen sulphide like the preceding compound (Beilstein a. Kuhlbeig, 
loo. oit.) 

introbensatdalfcydet 0®H*(NO®).GHO. Of the three possible modifications of 
this compound, one, vis., the meta, has leng been known. It is obtained by the 
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Mtkm of * vdftxDf of idtvie iu^^horie baAs on bitter nlmcmd <^1 ; oiToteUlaoo In 
ooioiodfles diinii^ noedlM dMliiig at and it oonrerted bjr axidising Bgonts into 
matenitrobanaciic add (I. 570)i 

Another modifleadon haa fttely been deacribed by Fittica {Deui, Chtm, Ott, Bar. 
z. 1630). It ia obtained, together with the preo^ng, by cantiouely dropping a 
mixture of equal weighta of beuzaldehjde and et^yl nitrate into a quantity of strong 
sulphuric add equal to about lour times the Tolume of the mixture, till the tempera- 
ture of the liquid rises to 30^, then cooling it, and continuing the dropping at such a 
rate as to maintain a uniform temperature of 30*^-36^. When the action is over, the 
miatnre is to be set aside and frequently agitated — care being taken that the tem- 
perature does not rise above 40® — till a sample poured into water no longer emits any 
odour of bitter almond oil. The whole is then poured into water, the oil which settles 
down is washed successively with water, solution of sodium carbonate, and again with 
water, the half solid mass is left to itself for sppe days. By this treatment the 
crysUfUine portion (ordinary nitrobenzaldehyde) is separated from a light-brown oil, 
which may be obteined by pressing the mass between glass plates. 

This oily liquid exhibits the composition of nitrobensaldohyde. It has an odour 
somewhat likeuiat of bitter almond oil, reduces an alcoholic ammoniaeal silver solution, 
and dissolves in a concentrated solution of acid sodium sulphite, but does not form 
therewith a crystalline compound. It may be distilletl, though not quite without 
decomposition, under a pressure of 50 mm. The distillate is at drst light veltow, but 
very quickly turps brown, a change which is not exhibited by the undistilled aldehyde. 

By oxidation with chromic acid in glacial acetic cusid solution, tills niLrobensaldohyde 
is converted into a nitrobenzoic acid melting at 127^. This is Fittica's fourth nilro- 
benzoic acid, and he regards its formation in this manner as a decisive proof of its 
separate identity. It has, however, been pointed out (p. 266) that this supposed 
fourth nitrobenzoic acid may be nothing more than a mixture of two, or perhaps all 
three of the known modifications {p, m, and p), and its formation from the oily 
nitrobenzaldehyde - -which, for anything yet shown to the contrary, may be itself a 
mixture of isomeric modifications (a view which is somewhat favoui^ by the change 
which it undergoes on distillation)— -cannot be refolded as affording any further proof 
of the definite nature of the nitrobenzoic acid which melts at 127®. 

OxybeBBolo AldApde, (Beimer, Bfuf. (7#s. 

Ber. lx. 423 ; Reimer a. Tiemann, ibid, 824). Two modifications of this compound 
are known, viz., salicylic aldehyde (1 : 2), and paraoxy benzoic aldehyde 
(1 : 4). They are obtained simultaneously by the action of cUoroform on a strongly 
^kaline solution of phenol : 

C*BK)Na + 3NaOH + CHCl* - 2H*0 ^ SNaQ 0»H*0«Na. 

Fifteen parts of chloroform are gradually introduced by vigorous shaking into a i 

(60®-60®) solution of 10 parte of phenol and of sodium hydrate in 3£-36 of water; 
an action speedily commences, the slightly yellow liquid soon becoming blue or reddish- 
violet, and finally deep red ; and the tempemtur# rises, so that, to avoid loss of chloro- 
form, it is necessary to a^ a refiux condenser. After half an hour's bUHing the 
small quantity of chloroform that remaims unacted on is distilled oflT, and hydrochiorie 
or diluted sulphuric acid is cautiously added to the residue, until a strong acid 
reaction is manifest; a thick dark red oil, smelling strongly of salicylic aldehyde, is 
thus precipitated. On blowii.^ steam through the whole, salicylic aldehyde and 
phenol pass over with the water- vapoui, whilst a red resinous m^s and a slightly 
yellow aqueous liquor remain in the distilling flask ; this latter solution is filtered off 
through a wet filter, and, after cooling, well agitat^ with ether, which takes up the 
paraoxybenzoic aldehyde, ^nd deposits it on evaporation in stellate needles, more 
or less tinged with yellow. 

To prepare pure salicylic aldehyde from the distillate obtained as above, this dis- 
tillate 18 shaken with ether, and the ethereal solution with acid sodium sulphite, 
whereby a czystalline compound ia formed, from which the salicylic aldehyde may be 
separatM by potesh or sooa. • 

This process affords the readiest means of preparing saliOTlic aldehyde. Other 
methods of obtaining this compound bare been described in former volumes of this 
Dictionary, together with its properties and reactions (v. 167 ; l«t Buppl. 100^ 

NUrosaUeyUc AldekydttM, CTBPNO\OH).OOH- — ^When salicylic aldehyde isSoiled 
with 3 parte of nitric acid diluted wiw twice its volume of water, an oil is qhtdb^ 
which solidifies to a crystalline mass on cooling. This ma ss consists of two isoMric 
mononitroderivative^ which may be separated by taking advantage of ^ dtifoeence 
ia solulnlitj of their barium componnds. • The lass soluble salt erystalliaea with two 
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moleeolea of water in beantifol yellowith-red prisma, and the nitroderiTatiTe separated 
from it, in small yellow prisms melting at 106^-107^ The more soluble barium 
compound cxyBiaUises in yellow prisms containing dt least 6 mols. of water; the 
oorresponding nitro-compound forms needles whim iielt at 123^-125°. Both ^e 
barium lose their water of crystallisarion below 100^ (0. TVfazsara, Gcufz, ohim, 
Ual. iri. 460). 

FarMST^eiinolo AJdelij'dai C*.OOH.H.H.OH.H* is produced : 1. By heating 
anisaldehyde (methyl-paraoxybenzoic aldehjrde) with dilute hydrochloric acid to 
190®-200® for three or four hours (Bucking, Deut. Chem. Ges, Ber, ix. 627). 
2. Together with salicylic aldehyde, by the action of chloroform and alkalis on phenol 
in the manner above described. It is contained in the aqueous portion of the residue 
left on distilling the crude product thus obtained, and may be extracted therefrom by 
agitation with ether, the ethereal solution leaving it on evaporation in stellate groups 
of yellowish needles, which dissolte in cold, more readily in hot water, very earily in 
alcohol and ether. From the ethereal solution it may be completely extracted by 
agitation with an aqueous solution of acid sodium sulphite, and by recrystallisation 
from boiling water it is easily obtained in white neemes. 3. Together with alde- 
hydo-paraoxybenzoic acid (p. 289) by the action of chloroform on an alkaline solution 
of paraoxybenzoic acid ; 

+ OHa* + 2NaHO = 0 ‘H«<qq 3 + Na‘00* + NaCl +■■ 2H0L 

It remains in the mother-liquor from which the aldehydo-acid has crystallised out, 
and may be extracted therefrom by repeated agitation with ether. On distilling off 
the ether from the united ethereal extracts, there remains a yellowish mass consisting 
of the aldehyde, still mixed with considerable quantities of the aldehydo-acid, from 
which it may be separated by repeated fractional solution in small quantities of cold 
water, the* less soluble portion, consisting chiefty of the aldehydo-acid, being each 
time rejected, and the solution evaporated to dryness. 

Paraoxybenzaldehyde maj' be extracted from its aqueous solution by ether, and 
remains, on evaporating the ethereal solution, as a mass which molts at 114*^-116®, 
Its aqueous solution gives a faint bluish-violet cplour with ferric chloride (Keimer a, 
Tiemann). It has an agreeable aromatic odour, reduces'^ftinmoniacal silver solutions, 
and forms crystalline salts with the ai^Mli-metals. By fusion with potash it is converted 
into paraoxybenzoic acid, which is also formed, though not readily, by oxidising 
the aldehyde in solution. It unites with arid sodium sulphite^ forming a compound 
which is very soluble in water, and crystallises from hot water in radiating colourless 
needles, melting at 111®-112®, and resolidifying at 106®-107® (Bucking). 

Nitroparaoxyhenzoic aldehyde^ C*H*(NO*)(OH)(COH), — One of the two 
possible modifications of this compound is formed by heating paraoxybezizoic aldehyde 
with 1 J times its weight of nitric acid, sp. gr. I 20, diluted with 6 parts of water. 
The product is a dark brown or nearly (black crystalline mass, impregnated with an 
oil, from which it may be separated by filtration and pressure between paper; and by 
crystallising the mass thus far purifi^ J from alcohol, with addition of animal charcoal, 
the nitrc^aldehyde is obtained in long nearly colourless needles, melting, with slight 
sublimation, at 139®-140'6’*, and volatilisiivg slowly with vapour of water. It dis- 
solves in boiling water, and separates on cooling in small anhydrous needles, very 
sparingly soluble in ether, chloroform, and benzene. The aqueous solution gives a 
reddisn colour with ferric salts. 

Nitroparooxy benzoic aldehyde exhibits^ strong arid properties, and decomposes 
carbonates. Its potassium 8€Ut, C*H*(NO®)(OK)(OOH) + H*0, crystallises in golden- 
yellow plates, which |;ive off their water at about 70®. The silver salt, 
C*H*(NO*)(Oi^)(COH), 18 a canary-yellow precipitate. The solution of the potassium 
salt, mixed wi^ cupric sulphaie, gives, after some tiine, a greenish preripitate, which, 
when boiled with water and filtered, yields a liquid depositing, on cooling, crystals of 
nitpoparaoxybenzoic aldehyde (0. Ha^ra, Gazz. ehim. ital, vii, 285). 

Vrotopateonulo Aldel&yde. C^H«0* « C*.COH.H.OH.OH.H*. This compound, 
the only dioxy benzoic aldehyde at present known, was originally obtained by heating 
piperozial (methene-protocatechuic aldehyde) with dilute hydrocUoric acid, or dichloro- 
piperonal with water (Is^ Suppl, 1024). It is also produced by heating vanillin, its 
monomf thyl-derivative, with mlute hydrochloric acid ; and by the action of chloroform 
on an 'alkaline solution of pyroeatechin ; 

0«H\OH)* + OHCl* + 3KaOH » SNaCl + 2H*0 + OH*(OH)»OHO. 

Its properties and reactions have been described in the 1st Suppl, p. 976. 
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M Bthy l^jaroioeaittkuie \ld 9 hyd 9 or 
Cf*H* 0 *»Cr.C 0 H.H. 0 CH*.OH.H* Thii sabstonee, the fVugront constituent of the 
pods of VaaMa aromoHca^ ii which it exists to the amount of about 2 per cent., is 
produced artificially : a. Togither with an isomeric aldehyde, by the action of chloro* 
form on an alkaline solution of gnaiacol (methyl -pyrocatochin), C*H*(OH)(OCH*), 


just as 


ss moto^techuic aldehyde is formed from pyrocatechin. 
f. By oxidation of coniferiu or of coniferyl alcohol with c 


C*®H*20* 

Coniferyl 

alcohol. 

Conifcrln. 


oniferyl a 

C«H»0* 

OHK)* 


I chromic acid mixture : 

2H*0. 


7 . By oxidation of eugenol (in the form of its ]y>tasHium salt) with potassium per- 
manganate, a polymeride of eugouol being formed* at the same time (Erleumeyer, 
Deut, Chem. Ges, Ber, ix. 273) : 

+ O' « C'H'O* + 2CO* + 2H*0. 

Acetyl-eugenol yields by oxidation a largo quantity of acetovanillie acid aD<l a 
small quantity of acotovauillin, and these bodies when heated with potash are converted 
into v^illic acid and vanillin (Tiemann). 

3. Ethyl-vanillin, C*®H** 0 *, is formed by the action of water and emulsin on 
coniferin, and like its isomeride, coniferyl alcohol, is converted into vanillin by oxida- 
tion with chromic acid mixture ( 2 fid Sttppl. 1201 ). 

Vanillin crystallises in stellate groum of colourless needles, melting at 80^-81^, 
sparingly soluble in cold, more easily in not water, very soluble in alcohol and ether. 
It forms crystallisable compounds with bases. Bromine converts it into mono- 
bromovanillin, which crystallises in yellow laminee melting at 160^-161*^. 
Vanillin is rosolvai by heating to 180’*-200° with dilute hydrochloric acid into methyl 
chloride and protocatechuic aldehyde, and eonrerted by fusion with potash into proto- 
catechuic acid (comp. 2nd Sup^. 1201 ).* 

Vanillin, treated with sodium-amalgani. is coiivorttHl into vanillyl alcohol, 
C*H*®0* « C‘H*(0H)(0CH2^H*0H^ in the same manner as salicylic alcfehyde is con- 
verted into saligenin. dn*CTdii^ sodium-amalgam to vanillin immersed in water, or 
very dilute alcohol, the vanillin immediately dissolves to a red liquid which afterwards 
turns yellow ; and on adding fresh amalgam from time to time, leaving the liquid 
in contact 'with it for eight or ten days till no more vanillin can be detected in it, 
and then neutralising exactly with sulphuric acid, the liquid acquires a faint 
colour, and begins to doponito white prismatic crystals, the dystallisation being com- 
pleted in six or eight hours. These crystals consist of hyd rovanilloin, 
C’*H** 0 *i=i 2 C*II* 0 * + H* ; they arq insoluble in ether, very slightly soluble in hot 
water and boiling alcohol, easily soluble in alkalis, the compound being separated 
without alteration on neutralisii^ the solutior., with an acid. Hydrovanilloin melts, 
with browning and decomposition, at 222^-225^ (uneorr.) Strong sulphuric acid 
imparts to it a shining green emour; and then discolves it with violet-rod colour. 

The liquid filtered from the hydrovnnilloin contains vanillyl al cohoy, which 
may be obtained by agitation with etbt^, as a yellowish undistillablo oil, which 
gradually solidifies to a crystallino mass. Dilute acids convert it into a resin 
(vanilliretin), strong sulphuric acid dissolves it, forming a violet-red liquid (Tiemann, 
Deut. C^m. Gee. Ber. viii. 112 ?). ^ 

Sodium^vanillin (obtained bp evaporatifig an alcoholic solution of vanillin and 
sodium hydrate in oquivalenb proportions) yields with acetic anhydride a coumarin- 
like substance, which, when boiled with potash, is converted into an acid 
identical with the fern lie acicl^of assaftetida (Tiemann, ilrid. ix. 62). 

EthyUvandlin, or BUhyl^methyl-protocatechuus Aldehyde^ C*II*(OCH*)(OC?'H*).COH, 
is obtained by heating potassium-vanilUn with excess of ethyl io<lido ; also by the 
action of water and emulsin on coniferin (ls< BuppU 1201 ). When pure it forms colour- 
less, prismatic, sometimes tabular crystals which are easily soluble in ether and alcohol, 
but very sparingly soluble in water. It melt^ at and sublimes without 

decompositioD. It does not dissolve in potash or soda-1^ more readily than in water. 
Its solutions in water or weak spirit axe not alFected by mineral acids. Strong 
sulphuric acid dissolves it without decomp^ition, forming a pale-yellow so^tion. 
With strong nitric acid it readily forme eubstitution-producte. 

Oxidlring agents convert it into otbyl-vanillie acid, identical with 

the ethjlmeth^protocatechuic acid obtained by oxidation of ethyl-eugonol (p. 291). 

de C^*0* b tbeve esUed either vsikUlIn or vsnflUc aefd ; tmt thJs Ist^iuu 
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Methyl-vanillin^ or Dimet^l-proteoateohuio Aldehyde, C*H*(OCH*J®.COII, ia 
obtained in the same manner as the ethyl- compound. Inrthe pure state it forms at 
ordinary temperatures a thick heavy pale-yellow oil. Jt boils without decomposition 
at 285*^, and solidifies in a freezing mixture to needles yhich melt at 16^-20^. With 
nitric acid it yields nitro-substitution-products. Oxidising agents readily convert it 
into dimethyl-protocatechuic acid. 

Ethylvaniliin and methylvanillin both possess a distinct odour of vanilla. Like 
vanillin itself, they are taken up from ethereal solution by acid sodium sulphite 
(Tiemann, thid, viii. 1127). ^ ^ 

Estimation of Vanillin in Vanilla. — -An ethereal extract of vanilla, obtained by 
digesting 30-50 grams of the finely-chopped pods with three successive portions of 
ether (2^-3 litres in all), is evaporated to the bulk of 160-200 c.c. over a st^m- 
bath, and the residue is briskly agitated for 10-20 minutes with 200 c.c. of a mixture 
of equal parts of water and a qearly saturated solution of acid sodium sulphite. 
After standing, the ethereal layer is separated, and the aqueous liquid, whick now 
contains the whole of the vanillin, is placed in a fiask so arranged that a current of 
steam can be driven through it. Dilute sulphuric acid (150 c.c. of a mixture of 3 
vols. strong acid and 6 vols. water) is now added, and as soon as the effervescence, 
due to the escape of sulphur dioxide, has subsided, steam is passed through till the 
gas is completely driven off. The contents of the flask are then shaken with three 
successive portions (400-600 c.c. each) of ether, which takes up the vanillin, ^and the 
ethereal solution, after separation, is evaporated to 16-20 c.c. over the steam-bath, 
care being taken that the temperature at last does not rise above 50^-60°. The 
residue is carefully transferred to a watch-glass and allowed to evaporate at the 
ordinary temperature, whereupon pure vanillin crystallises out and may be finally 
dried over sulphuric acid. Some estimations made to test this process showed a loss 
of 1-4 per cent, on the vanillin employed. The amount of vanillin in samples of 
commercial vanilla obtained from various sources was found to vary from 1*6 to 2'6 
per cent. (Ticmaun a. Haarmann, Dcut. Chem. Ges. Ber. viii. 1116). 

Metkene^protocatechuic Aldehyde, or Piperonal, C"H®0* = — OHO. — 

On the formation of this compound from the tetrabromide of piperic acid, see Pipkbic 
Acid. On its properties and reactions, see 9^7.;^ Suppl, 982. 

BBSrzoiCfrt Decomposition by Heat. — Benzoin when melted turns 

yellow and smells of benzoic aldehyde. When boiled it undoigoes partial decomposi- 
tion, and after three distillations, yields a mixture consisting principally of benzoic 
aldehyde, benzilo, deoxybonzoin, and water. The same products are formed when the 
vapour of benzoin is passed through a tube heated to low redness (Zinin, Deut. Chem. 
Ges. Ber. vi. 1207). 

'Rednctimi. — ^Benzoin treated with a large excess of fuming hydriodic acid at 1 80° 
is converted into dibenzyl, The production of diben^l is facilitated by 

previously converting the benzoin iijito a mixture of deoxybonzoin and toluylone 
hydrate by means of zinc and hydrochloric acid, and then heating the mixture to 180® 
with hydriodic acid (Goldonberg, Znebifs Annalen, clxxiv. 333). The same result 
lias bo^n obtained by Limpricht a. Schwanert. 

By treating benzoin in weak alcoholic;, solution with sodium -amalgam, a solution 
i s obtained containing hydrobenzoin, deoxybonzoin, and b o n z o i n-p i n a c o u o, 
this last substance being formed by the reaction : 

I 

c^mc.oH 
I 

CfH*.C.OH 

1 

C«H».CH.OH 

Zinc and hydrochloric acid also cause the conversion of benzoin into this product ; 
the best yield is obtained by dissolving benzoin in hot alcohol to saturation, adding 
granulat^ zinc, and then adding, in very sm^l quantities at a time, a mixture of 
alcohol and hydrochloric acid. Benzoin mav witli advantage be added at intervals, 
so as .to keep tlie solution saturated whilst the' benzom-pinacone separates out. 

/'/'enaoin-pinacone melts at 208®, is insoluble in water, but dissolves in ether 
ahd hot alcohol, not in cold alcohol. 

According to Zagumonny (2>ctt#. Chem. Gcs. B<r. vh. 1851) the product of the 
action of so^mm-amalgam on benzoin is not benzoin -pinacone, but is probably identical 
with the compound C®"H**0* which Limpricht a. Schwanert obtain^ by the action of 


OH».CH.OH 
2 I + H* - 

C•H^CO 
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■odium ethjUito on benaene Suppl, 176f. Zagunieuny has obtain«d the same 
compound by treating deox^Mmsmn with line and caustic potash. 

BBnoarXTSAlRUX^ C*H«(N0>).NU.C0.C*H*. See BBHXAMiLioaCp. Ifi7). 

saMxoannntx& or nmtm cxAjrxsa, CTfl^N -NC(C*U‘). On tJio 
formation of this compound by heating benzoic acid with potassium thiocyanate, soo 
2»d SuppL 106. 

NitrobenronitriU, jSC.C*II*.NO* and AmidobensoniiriUf NC.C*H\NII* 
(Frioke, Demi, Chem, G^. Der, rii. 1321). 

The niirobgnaoniirih arc formed by the action of phosphoric anhydride on the 
eorrosponding nitrobenzamidos, NU^.C’H^NO’, which are themselves produced by Uio 
action of ammonia on the curres|xjnding nitroboucoyl chlorides ; and the amidobenzo- 
nitrils are obtained by reducing the nitrolioDaouitrils with tin and glacial aCidic acid. 

I^ftanitrobenronitril, G*.GN.H.NO* H*, forms long colourless needles melting at 
115*^, easily soluble in alcohol, ether, chloroform, and glacial acetic acid, s|Uinngly 
soluble in water. Its properties agree with those of the nitrobcnzoiiitril (in. p. 116®) 
which BIngler obtained by the action of fuming nitric acid on benzonitril (Isit Svppl. 
526). 

Paraniirobe»ef>ni4ri/, C*.CN.U.II.NO*.lP, crystallises in shining lamiiue molting at 
147® (l^U® Kngler). easily soluble in hot alcohol, glacial acetic acid, and chlortiform. 

MetanUdobenconitrilf identical with the compound which Griess obtaininl by the 
action of cyanogen on amidoben»)ic acid, and Hofmann l>y nitration and amidation of 
benzonitril (1st SuppL 626), forma long neotlles melting at 52®-63®, slightly soluble 
in water, easily in alcohol and chloroform. Its hydrochloride crystallises in colourless 
very soluble prisms ; the nitrate and eulpKaie are very soluble in water and in alcohol, 
the former crystallising in largo yellowish scales, the latter in long colourless needles. 

Paramidobensonitril, O.CN.H.H.NIIMI*, crystallises in small colourless nue<1tes 
melting at 110® (at 74® according to Engler), easily Soluble in alcohol, ether,. anil 
ladling water. The hydrochloride ^rms small needles cMtsily soluble in water arul in 
alcohol; the ntVrofe, smatl lam i use of equal solubility ; the etUphaie small colourless 
needles (Fricke). 

/CTHH) 

sa«M«xntOT01iirX2in>B. |C4!«N0> This Uxly is formed 

by the action of benzoyl chloride, directly, or better, in othental solution, on nit-ro 
toluidiuo : — 

2(C^H-NO^NU*) + <7HK)C| « C'H*N*0».HCI + KH.CmK).C»ll*NO*. 

The ether haying been driven off and the iiitrotoluidine hydrochloride dissolved out 
by boiling water, the residual benzo-nitrotolulf’jdo is purified by several recrystidli na- 
tions from boiling alcohol. It ci^stallises in pale yellow prisms, molting at 172®, 
and, if carefully heated, sublimes unaltered. It is Soluble in alcohol, other and ^j^nzeno, 
especially when these liquids are heated, insoluble in dilute acids and in strongbydro- 
chloric acid, but soluble in oil of vitriol. Boiling soda'Solulion has but little efilect 
upon it, although it is easily acted upon by alcoholic potash. Nascent hydrogen con- 
verts benzonitrotoluidide, by substitution of NH* for NO*, into benzoyl-tolylene- 

diamine or benzoyl-diamid^toluene. (C. A. Bell, Chetn, 

XXX. 202). 

BanOXTAftOBSWUnh C<ni»(CrH*0)N*0. Soe BBnnorB (Oxyazo-), 2nd 
Suppi. 161. 

BBBXOTB CXMmXBBp C*HK>(n»C*H*.C001. This compound solidifiei^t 
the temperature of a mixture of ice and salt (Sperlich a. Lippmann, Wiam. Akad, Der, 
[2 Abth.j, Ixii. 613 ; Lieben, AnnaUn, clxxviii. 48). The solid chloride melts 

at — 1® (Lieben), * 

Benzoyl chloride is decomposed by sine^ with evolution of hydrochloric acid and 
formation of a brown resin. A mixture of benzoyl chloride and benzene or toluene 
is also attacked by zinc, with separation of hydrochloric acu^ the greater part the 
benzoyl chloride, m fiMt, decomposing in the same manner as if the benzene or toBl|g|Be 
were not present. In presence of benzene, there is formed* together with much benzoic 
acid and very little benzophenone, a compound which crystallises from alcohol in long 
thi<dc red needles, and melts at about 140®-146® (Zineke, Deui, Chem. Gee, Der, v. 



308 


,BENZOTIi-AOETOAOETATB, : 

Potassium thiocyanate acts on benzo^rl chloride in alcoholic solntion^ formiag ciystals 
of benzoyl-ethyl-thiocarbamic acid (I^xssner, se^'p. 312) 

C»H*0C1 + CNSK + C*H>.H.O =. KOI |s- HS,00Jl|^|9. 

Benzoyl chloride and urethane^ heated together to 150^-160^, yield the compound 
in brilliant crystals melting at 163^. It is probably a benzoylallophanic 
ether produced as follows : — ^ 

200{g^‘ + O'H'OCl = Hd + C«H«OH + 

Benzoyl chloride and oxaTnethane yield hydrochloric acid, carbon dioxide, benzoic 
acid, and ethyl benzoate (Kretschman, Deut» Chem, Ges, viii. 103). 

Benzoyl chloride and cyanamij^e, heated together, or mixed in ethereal solution, do 
not yield benzoyl cyamide, as might be expected, according to the equations 

Chr.NH* + C»H»0C1 « CN.NH(C’H*0) + HOI; 

but benzoyl chloride and dry sodium cyamide, CN.N(HNa), give benzoyl-ammeline, 
benzonitril, carbon dioxide, and sodium chloride ; and the same substances in presence 
of ether give benzoyl cyamide and sodium chloride (Gerlich, J.fr, Chem, [2], xiii. 
270). See Ctanahidb. c 

With diniirophenol, benzoyl chloride forms a benzoyl-derivative which crystallises 
in needles and molts at 201^. Alcoholic potash resolves this compound into dinitro- 
phenol and benzoic acid (Goldstein, Bull. 8oo. Chim. [2], xxvi. 294). 
BBVXOTXi^A.CaTOA.CaTik.TS, BTsmzc, 

0»*H»*0* = CH>.CO.CH(COC»H'‘).aO*C“H». 

This ether, already noticed (p. 13), has been further examined by J. Bonn4 (Liebiy*e 
Annalen, clxxzvii. 1). It is prepar^ by digesting a solution of ethylic acetoso^cetate 
in ether or benzene in a reflux apparatus with an equivalent quantity of benzoyl 
chloride. The action is energetic, and the vessel must be cooled witli ice. The separa- 
tion of sodium chloride takes place immediately, and the reaction goes on to the end 
without external heating. By filtering and washing the^geparated sodium chloride 
with ether, a yellow liquid is obtained which, on evaporation of the solvent, leaves a 
brown oil ; and by repeatedly dissolving this product in alcohol, precipitating with 
water, and finally drying in a vacuum till the weight becomes constant, the benzoyl- 
aceto-acetic ether is obtained as a thickish liquid having a faint but agreeable odour, a 
sp. gr. of 1*14 at 21*6° (water at 17*6°*=* 1) and decomposing when somewhat strongly 
hea^, yielding benzoic ether and benzoic acid, together with other products not 
examined. By saponification with alcoholic potash, it yields methyl-phenyl 
ketone, potassium acetate and carbonate, and etVyl alcohol, thus: — 

CH'.CO.CHjgQ^iH*^* + SSOK = CH’.CO.OK + CH*.CO.O‘H‘ 

+ CC(OK)> + H.o.cm». 

A littflS benzoic acid is, however, produced by a subsidiary reaction, probably: — 

CH'.CO.CHj^Q^gP + 3HOK = 2(OH*.CO.OK) + 0>1I»CO.OK + HO.C’H*. 

A similar decomposition is brought about by heating with water to boiling for a few 
hours, the cJiief reaction being — • * 

OH*.CO.CH + 2H*0 = CH*.CO.OH + CH'.CO.C'H’ + CO* + H.OC>H‘, 

whilst a little benzoic acid is also produced by a subsidiary reaction, 

^ 3 IS 3 rXOir&«>A,B&OPBAM'ZC BTKBB, is produced, together with 

alcohol, hydrochloric acid, and carbon dioxide, by the action of 1 mol. benzoyl chloride 
on 2 mols. of urethane ; — • 

200<Oci» + C>H*OCl = HCl + CTI-OH + 

Tb^^rhon dioxide appears to be formed by a seconda^ reaction. Benzoyl-allophanic 
^er melts at about 163® (Kretschmar, Bent Chem, Ges. Ber. viii. 104). 

B»n0TXi-AllKZ3>02>ZPBBn&« G**H".NH(C^H»0). See Diphbktl. 

BSirKOn-AM»0»KBaroZAv» C«H«(On)KH.COC*H* (H. Horse, Bsut, 
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iiidophe^ol hydrodiloride, obtumod from vulattle 
to vith beucoji chloride, a beosoyl-amido* 

from alcohol in colourless or reddish ^ites and 
prisms, haTing au agreeable l^our ami melting ut 108^. With fuming nitric acid it 
yields a dinitxp oomj^und in strav-yollow slender needles melting nt 103*^ ; and this, 
vhen treated vilh tin and hydrochloric acid, is converted into the stannochloride of a 
diamido- compound which crystalUses in colourless needles, permanent only when kept 
under strong hydrochlorio acid. By removing the tin from this double salt, the 
bydrocliloride of a base is obtainml, cinrstallising in lamiiap, and from this salt the 
base itself is precipitated by ammonia in needles which are not altered by exposure to 
light. 

Kon-Tolatile nitrophenol (m. p. 114°^ yields by similar troatment a nitrobeiiso^d- 
amidophenol, in the form of a dense colourless crystalline moss which melts with 
partial docomposition at 139^. It is insoluble in w'ator, slightly soluble in cold 
alcollol, and decomposed by boiling alcohol. 

»mr»O'lX(»r.)-BMfMlfa,C»lI“0*= CW-CO— C*II^-C0-C‘1P. Two 
modiheatiotts of this compound are formed by oxidation of the corresponding dl- 
benzyb benzenes. iSoo Dii'uenyl-dkkivatiyks. 

SBirzO'n'BBVZOZO A.OX9, Three tnodifica* 

tions of this acid, a, /3, >, are proiluced simultaneously by the action of chromic acid 
on beiizybtuluene, prc'pav^ by the action of zinc on a mixture of toluene and benzyl 
chloride. The first, which crysttillises in plates or uetnllos melting at 194^-196^, was 
discovered by Zincke (2«id Suppl. 177); the second by Plascudt^ a* Zincke {Dmi* 
C^etn. Ges, her. vi. 90G). and the third by Rotering {Jnaug. Dissert. Berlin, 1878; 
Deut. Chem. Ges. Ber. viii. 319), 

The formation of these throe acids shows that beuz^*l> toluene, prepared as above, 
is itself a mixture of three isomeric compounds ; and tins conclusion is strengthened 
by the fact that the benzyl* toluene, when partially oxidised, yields a mixture of a 

solid and a liquid tolyl*pheny] ketone, OH*’ former convertible by 

further oxidation into u**Lcnzoy]-benzoic acid, (he latter into a mixture of the $ and ‘ 
y acids. Now the solid ketone is resolved, by heating with soda>Iime, into benzene 
and pora-toluic acid : — 

C-HXCU*).CO,C«IP + IIOH - cm* + C*JJ\CH»).COOH; 

hence it is itself a para-compound, having the methyl of tlio group C*H*(On*) in the 
para-position with respect to the CO. M<»rcover this ketone is converted by oxi^tion 
into benzoyl-benzoic acid (m, p. 194*^-190^) which is, tlierefore, also a para- 
compound : — 


CH* CiK)U 



a-Tolyl'phcnyl ketone. a-lJoiixojl-bnnMjlc ai:Id. 


Liquid tolyl-phenyl ketone, on the other hand, yields by oxidation a mixture of J9 and 
7 -benzoyl-beiizoic acids, the foi'mcr of which is most probably the ortho compound, 
inaarnu^ as it is formed in comparatively large quantity, together with the para-aetd, 
by oxidation of crude benzyl -Cofuens, and, moreover, is converted by zinc and hydro- 
eUoric acid into a benzhydxyl-benzoic acid, C**H*^0*, which is very easily resolved into 
water and an anhydride — a mode of decomposition which is known to take plaell with 
ortho-compounds {e.g. stdicylic acid) more readily than with meta- or para- compounds* 
The three benzoyl- ben z^jic acids are bes^ obtained, according to JloteriDg, by 
oiudising ben^l-toluene with chromic acid mixture, and the separation of the o-acid 
from the other two may he efiTected. as recommended by Plascuda a. Zincke, ty means 
of the barium aait^ that of the o-ncid being the least soluble of the three, and cjystal- 
lising out first, mixture of the i3 and y-acids obtained from the raotll^diq;^rs 
may be freed from the last traces of the e>acid by converting the bsnum sS||| 
calcium salts, and treating these with hot absolute alcohol ; the still i^eringw-salt 
then remains nndissolved, together writb the calcium salt of another add (probabtir a 
mixture} melting at 140*’-! 4 6°. Lastly, the mixture ot fi and y-scids thus purified is 
repeatedly crystallised from dilute alconbl, whereupon the ^-aeid crystallises out pure; 



310 t BENZOYL-BENZOIC ACIDS. 


and the laet muther-liquore yieldi fcogetHer with this acid, small crystals of a different 
shape, which, when purified by repeated ciyEitallisation from large quantities of boiling 
water, constitute the y-acid. i ^ i • 

a and ft benzoyl-benzoic acids are reduced by the acl-ion of zinc and hydrochloric 
acid on their alcoholic solutions to the corresponding benzhydryl-benzoic acids, 
(juj£iao*, and by the action of sodium-amal^m on their aqueous solutions, first into 
the latter and then into benzyl-benzoic acids, (pp. 316, 321). 

»- or Para- benzoyl benzoic acid. — The properties of this acid and of some 
of its salts have been already described {2nd SuppU 177). The following additional 
salts have been obtained by Plascuda {Deut. Chem. Ges, Ber. vii. 986). The potassium 
salt forms tufts of slender needles, less soluble than the corresponding 3-salt. The 
ammonium salt forms long thick needles, not very soluble in water ; the sdfutiou 
easily loses ammonia and becomes acid. The copper salt is a green crystalline pre- 
cipitate, soluble in hot water. Thi^nathylio eth^^ C”H»0*.CH*, forms large shining 
Jeufiots which melt at 1U7°, and are less soluble than the 3*ather. The ethylic ftker^ 
forms tabular raunoclinic crystals melting at 52^ ; water separates it in 
shiniag scales from its alcoholic solution. ^ 

By nitnition of a-bonzuyl-ljenzoic acid, a dinitrobenzoyl- benzoic acid 
obtained, isomeric with that which results from the oxidation of diiiitTobonzyl-toluenb.*' 
It separates from water in shining leafiots which melt at 240*^, and are i^ily soluble 
in alcoliol or acetic acid, but less soinblo in water. Tho ammonium salt forms shining, 
easily Holul>le scales, while tho copper salt separates from hot water in shining bluisli 
iioofllcs. The sine salt is amorphous, and the barium salt^ [C**H^0*(ii0®)*]*Ba + H*0, 
forms nodular tufts of needles very slightly soluble in water. Tho calciwn salt crystal-*"* 
lines in shining white luatlets which give off their water at 120®. 

3- or Orthobensoy l-bcnsoic acid crystallises from hot water, in which it is ‘ 
much muru soluble than the oxacid, in long broiul needles consisting of aggregates of 
prismatic crystals, jleforo these needles form, the solution becomes turbid from the 
Hep(irii.tion of oil-drops. By slow evaporation of an aqueous or slightly alcoholic solu- 
Iton, it is obtained in welI*d6fin(Hl prisms, appiirently mon(x:linic, but frequently 
having a rhombohedral aspect. Tho acid dried over oil of vitriol conbiins 2 mole. 
If^O, which escape at 100®, Tho hydrated acid melts at 86®-87®, the drie<l acid at 
. 127®~128®. • — 

Potassium crtholtcnsoyl-lwngoaie is e%»ily soluble in water, insoluble in alcohol, and 
crystallises in brotul nuudlos. Tho ammonium salt is easily KoluBle in WHt«w, and 
fonns needles having a w\tiny lustre. The barium salt^ is easily soluble 

in water, and is obtained, by ovaporiition of its aqueous solution, as a vitreous mass ; 
it dissolves in hot alcohol, and separates therefrom in indistinct nodules. The cah'ium 
salt, (C'*ll*'0*)-Ca, is still more soluble, and not crystHllisable even from alcohol; it 
may bo advantageously used for the sepfiration of tho a- and 3-Hcids. The silver stdt^ 
tTMPO^Ag, crystallises from a largo qxiaiitity of hot water in small needles. The 
copper salt, (C'TPO^y'Ca + is a sea W crystalline powder crystaUisiiig in laniinm 

from hot alcohol, and moltiug under hot water. Tho sine salty (C‘*ll'*0'*)’'/n + 2H”0, 
is a tlocculont precipitate which mcJts under hot water; after drying it melts at 
HO®. ^ 

The mcihylic r^Acr, C'*H*0* Gfl*. is easily soluble in water and in alcohol, and 
crystallises in fine rhombic prisms with oblique dihedral summits, not unlike ciy'stals 
of augito. It molts at f^2®, and romaius fluid for a long time. The ethylic ether y 
forms rhoml^jhcdral crystals growing together into prisms 3 or 4.^, 
coutimotors long. It dismilves easily in alcolpl and etluer and melts at 68®. t ^ 

By the tvetion of fuming nitric acid, or a mixture of this acid with strong sulphurie 
ttcid, the 3-ivcid is convert^ into a mixture of resinous nitro-acids, which show mi > 
tendency to crystallise. ' ^ 

C5Dni^rjw>ij of ^^bensoyl-hensoic acid into dnthragulnone . — This acid heat«d#%r|t!^ 
phosphoric anhydride gives up a mulficulo of Ui'oter, and yields a distillate of awtJwf iu 
^uindfte, The nature of the change is indicated by the following eqtu^on, 

in which the dotted square shows the atoms of H and O which are removed: 




■ HO OC 

C*«* H C*H« 

CO-^ 

Benaoyl-beusoio aoid. 


H'O + 


Anthnuialnoiie. 


The Imt mode of proc«x»ding is to heat a mixture of 1 pt. 3 'benzoyl-benzoic acid, 
2 pta. phosphoric anhydride with Band to 200® for some hours, and then extract 
anthraquinona %tth benzene; the anthroquiiiono thus obtained amounts to 26 
cent. ^ the theoratieal quantity. « 


and 

ilie 

per 
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• ^ 

Parabenioyl-beiiicMe aeid treated in the «pimo manner does not yield anthraqui* 
none. % 

Smafl qnaetitiee of anthmuinoue are also produced by distilling bensoic acid 
nrith pboepboric anhydride* 1 mols. of bensoic acid giving up 1 mol. water* and 
coeilescing to form /3-benzoyi-aenaoic acid: * 

0»H*.C0bH + 

COOH » H*0 + C*H*.CO.C*II^COOH ; 


which then* by loss of another molecule of water, is converted into anthraquinone. 

The formation of anthmquitiono by the distiUation of calcium bensoate depends 
on a similar series of changes* CaHH>* being separated instead of H*0. It is prob- 
able alio that anth^ninone might be formed by distillation of the calcium ailt of 
/3-benzoy^-benzuic acid (Behr a. van Dorp, Dent. Chem, Ocs. Ber, vii. 678). 

y$ or Mistahentoyl-heftgoie acid, the soparaliou of which from the a- and iS-acids 
lias been already described (p, S09), is obtained from the solutions of its salts in the 
form of a loose white powder. It dissolves easily in alcohol and ether* in water 
about as rm^ily iw the a- acid. It crystallises from water or dilute alcohol in long 
^ihining* concentrically grouped needles* melts at 162^, and immediately solidifies to 
a cry'stallitiii^mass on cooling. 

Tlwj ^i-imsoyl-htnzocie^ are not very well defined. The barium zatU (O' 
separates* on concentrating* its solution* or on recry stalH sing it fipom water or dilute 
alcohol* in which it is very soluble* as a granular powder. The calcium aatf, 
exhibits similar characters. The stftw Bali, C'*H»0*Ag* is a white 
amorphous insoluble |K»wder, but little altered by light. 

The acid melting at 140®~146®* mentioned above (p. 300)* as a bye-product of the 
prenaration of the three bemcoyl-beusoic acids* appears also to have tne comjiosiLion 
C**lf**0* ; but as it does not form well -characterised salts, or melt at a constant tem- 
perature* Kotering regards it as a mixture. 


SwasliTfiSTl-benBwrn A.elda« C*UI'*O»-C^lf^.0II0n.CUI100OH. These 
acids (a and are produced by boiling the corresnonding lienzoyl -benzoic acids in 
alcoholic solution with anc and hydrochloric acitl- The a-acid already descnlH>d 
(2nd SftppL 177), cxystc^liees in noodles, molU at JG4®-166^ and decomposes ala 
higher temperature (Zincko). 

The g^cid appears to be incapable of* existing in the free state, as at the 
moment of its formation, it splits up into H*0 and the anhydride* or 

C“H* — CH — C*H^. This compound is obtained by l)oiling the alcoholic solution of 

A — do 

^ benzoyl-benzoic acid with zinc and hydrochloric acid fur several days, and separates 
on cooling from the hut-filtered solution in the form of a white powder. It is ia- 
Boluble in water, whether cold or hot, slightly soluble in cold, freely in hot absolute 
alcohol and ether, and separates therefrom m cruciform groups of prismatic needles. 
From dilute acetic acid it separates in groups of Icaflote. It melu at 3 16®, solidillcN 
iimncdiataly on cooling, and when very strongly heated, sublimes in small rhining 
Uminae resembling benzoic acid. It difiTers from a- benzhydryl- benzoic acid, in not 
exhibiting any characteristic coloration with strong sulphuric acid. Bv oxidising 
agents it is reconverted into jS-benzoyl-benzoic acid. The anhydride is '^completely 
mdifierent to alkaline carbonates, and is but slightly attacked even by caustic alkalis 
^IpBid alkaline earths. 

The ^-benzhydryl-benzoate# thereby produceil arc not distinctly chanicterised, and 
have but little stability* being readily decomposed by acids with separation of the 
atthydride. They are most stalde in alcoholic solution* and in presence of excess of 
^iii^ The po^SBtum calt, C**H”0*K, was prepared by boiling the anhydride for n 
Imnmvmble time with potassium carbonate.t On evaporating the solution over I ho * 
vRI^-^th there remained an oily liquid, which became ciystalHne on being drencheil 
an^trituzated with alisolute alcohol ; and ly repeatedly treating this mass with 
‘ the benzhydiyl-benzoAte was dissedved out* while potassium carljonste re- 

bflmid. On evaporating the alcohol* the ealt remained ae an amoiphons 

vitreous m a re t which dissolved in alcohol, forming a clear solution, becoming turUd^ 
and alkaltiin on addition of water. The barium ealt wiut prepared by digesting tiW: 


* A rtullar eondcniatSon pom^blv takes plsoe when bcoxolc sci<l Is fused witli potash, 
fact, baa shown A nnaUn, clxlv. IS8) that In this caae them Is fomind. toovttuar 

prodnets. a bodj having the aranposttlon of benso>4- bensoic add; tha proissrUes m this ' 

liowever e«ree with tboae at — - • - 

tThisIsnofec 


le oranpostnon or benso>'i- bensoic add ; tha properties of this 
at either •- or A*beasojrl>benaofc acid fBebr a van Oerph 
i with thopeeriia w stat eawnt that tha aahjrdrido is * eony^oM/ 
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anhydride with^xcees of barium hydrate on the water-bath, and remoTin^ the excess 
of baryta by carbonic acid. On evaporating the filtrate, tl^re remained an indistinctly 
crystalline powder, the amount of barium in which agreed with the formula 
the filtrate appeared to contaiin the neutral barium s^t. 
On repeating the experiment in an alcoholic solution, tHere remained on evaporation 
an amorphous glassy substance, which redissolved in alcohol without turbidity, and 
had approximately the composition (G*^H“0*)*Ba. On triturating it with wa^r, a 
white crystalline precipitate was formed, containing only half the original amount of 
barium. The solution of the calcium salt, prepared in like manner, left on evapora- 
tion a residue of almost pure anhydride. The silver salt also could not be prepared. 

The anhydride is not attacked by ammonia, either ^ueous or alcoholic, even at 
160®. Heated to 1 30®-140® with phosphorus pentachloTide, it yields an th raqui non e 
and a mixture of chi or anthracene s, which melts at 200®~2 15®, exhibits a fine blue 
fiuoresconce in alcoholic solution, but is not resolvable into its individual constituents. 
This reaction affords further evidence of the relation of jS-benzoyl-benzoic acid j[and 
therefore of orthutolylphenyl-kebone and orthobenzyl-toluene) to anthracens. 

Slbensoyl-bensaloAotOa, | C*H*.CO*H, or Bento-ben- 

soyUheneoio aoids^ C*H* — 00 — — CO — 0®H^ — 00*H. Two acids (a and ff) of this 
composition are formed, together with an acid having the composition by 

oxidation of the hydrocarbon (or hydrocarbons) C**H*®, obtained as a secondary product 
in the preparation of benzyl-toluene. The a-acid is resinous, molts at 80®~82 , and 
forms uncrystallisable mostly resinous salts. The )3-acid crystallises in small needles, 
molting at 210°-*212®, insoluble in water, easily soluble in alcohol, ether, and chloro- 
form. Its salts are all sparingly soluble. The ethylic ether crystallises in white 
needles melting at 106‘6®-107°. 

The a-acid distilled with baryta does not yield any definite products. When fused 
with potassium hydrate it gives off an odour of diphenyl, and yields a large quantity 
of benzoic acid, together with a small quantity of an infusible acid, isomeric 

with that which is obtained, as alx>ve-mentioncKl, by the direct^ oxidation of the hydro- 
carbon (Weber a. Zinckef, Deut, Chem, Ges. Ber. vii. 1163). 

SairZO'IXi-XIXMCaTKTXiASrXXiZSnB, C'«H>«NO»C«Hs.CO.C«H^N(CH*)^ is 
formed by heating to 180®-200® for six or eight 4iours a mixture of benzoic acid, 
^dimcthylanilino and phosphoric anhydride, and purified by slmking its ethereal solution 
Huccossivolv with alkali and acid, and crystallising from petroleum ether. It melts 
at 38®, Vjoils at 330®-33&®, is destitute of basic properties, forms a crystallised dinitro- 
<lerivativo. molting at 142®, and a crystalline bromo-derivative (O. Fischer, Deul, Chem, 
Ges. her. x. 908). 

aairzo'ra-aiTO&'mixifExaa. See To].Tr.AMiN>:s. 

aaWZOTTXi-BTKTXi-CAJlBaJIXZO Aoza, ©‘•HNO* = 

is formed by the action of lead oxide on Iwnzoyl-othyl-thio-carbamic acid [jinfra) ; the 
cliange consisting in the roplncomont of tlm sulphur-atom in the latter by oxygen. It 
forms hard whito noodles, molting at k^O®, easily soluble in alcohol and other, but 
spu’iiigly goluble in water. When treated with potassium hydrate, it yields potas- 
sium benzoate aii,d carbonate as well ns alcohol and ammonia. The potassium salt is 
a white Ban<ly powder. Kthyl bromide, under pressure, trausforms it into benzoic 
ether, ethyl ami no, other, and carbonic anhydride (Ldssner). 

BBBZOYXi-aTKYXi-CAaaAllSZaa, is formed, together with 

mercaptan, by passing ammonia to saturation •into the oChylic other of benzoyl-ethyl- 
sulphocarbumic acid mixed with an equal volume of alcohol : 

co/^ + NH* = C»II>SH + 

It is neutral, crystallises in rhomlxihedrons, and does not combine with sulphuric acid 
(Ldssuor). 

BBWZOTra - BTBYZ - TaZOCXBBAMZO AOZB, Oi«H“NSO*» 
lidssner, <7, pr, Chem. [2], x. 285). This acid is formed 
^ by the o^jn of benzoyl chloride on potassium thiocyanate in alcoholic solution : 

, 9 C»H»OCI -I- CNSK + C»H«0 - KCl + C*»H"NSO*. 

BcttZOyl chloride isgraduullv suIiKhI to a moderately concentrated solution of potassium 
in absolute alcoliol cvutainiMl in a large flask, till a distinct white precipi- 



BENZOTIi-BTHTL-THlOCABBAMlO AOIl^. 313 

tata of edniun diloride is prodneed. The potawifun thioqnnsto dwnld Iw in dMt 
excess, otnermse eome of we%eiisoTl chloriae will be oonyerted loto etiiyl benioate. 
The reaction is at^nded with considerable rise of temperature and tumefiiction of the 
liquid. On decanting the aloohc#o liquid, and pouring in water, with con stant stirring, 
till it becomes milky, the ben^^I-ethyl-thiocarbamic acid separates in hard y^ow 
crystals, which must be washed on a filter with water, till Uie wash -water is no 
longer reddened by a ferric salt, then pressed between paper, Resolved in alcohol of 
80 per cent, and precipitated by water as before. 

The crystals thus obtained are well-defined, rather long, hard prismatic needles of 
almost sulphur-yellow colour, veiy slightly solublo in water, easily in alcohol smd 
ether. They melt at 78®-74^. 

Benzovl-ethyl-thiocarbamic acid is resolved by heat into othyl-mercaptan, benso- 
nitril, and carbon dioxide : 


, G*«H**NSO* C*H»SH + C»H<JN + 00*. 

Heated with potash-solution it yields benzoate, thiocyanate, sulphide, and carbonate 
^ of potassium, together with alcohol and ammonia ; thus : 


and 


C'*H»NSO* + 2K0H - C<n*CO*K + CNSK + C*II'‘OII + il*0, 


+ 5KOH - C*H».00*K + CO»K* + SK» + NH* + 0*H»0H + UK). 
These reactions establish the constitutional formula above given. 

PotasHum Bemoyl-ethyl-thiocarbamate is best prepared by adding a solution of 
potassium hydrate in alcohol to an alcoholic solution of the acid, and recry stalUsing 
from alcohol. It crystallises in small needles, is very soluble in water, less soluble 
in alcohol and ether. 

The salt is white and fiocculent, and turns black on boiling; the lead salt 

hw a similar appearance, and is also unstable. Mercuric chloride produces a finely 
divided white precipitate, which may bo boiled in wnter without decompositioo. 
Copj^ sulphate gives rise to a groyish-green precipitate, which blackens on heating. 

The ethylic ether is formed by cohobaUng the potassium salt with ethyl bromide, 
as a yellow^ heavy oil, wbi^' cannot* be distilled without decomposition. Treated 
with potassium hydrate, iCylelds benzoate and carbonate of potassium, ammonia, 
alcohol, and mercaptan. When the ether is heated in a tube to 106^, crystals melting 
at 128®-129® are formed, which have not been investigated. 


E0T&-180PBTHAUC ACXll, C>*H'*0* -r G*H*.a0.C*H*(00*H)* 

(Blatzbeckor, JDeui. Ghent, Gee, Per. ix. 1761). This acid is produced by the ozidis 
ing action of chromic acid on henzyl-isoxyleue (prepared from commercial xylene, and 
probably a mixture of meta- and para-xylene). It is sparingly soluble in water, 
chloroform, and toluene, freely in al«^hol and ether. On adding water to its alcoholic 
MlntioD, it separates in crystalline cruets melting at 278^-280^. The potassium salt ' 
is readily soluble in water and ctystallises in i^uare plates. The barium salt, 
C*H^C0.0*H*(00*)*Ba + H*0, separates in glistei^g neenles from its aqueous solu- 
tion on addition of alcohol. The calcium salt, C*fi*.00.C*H*.(00*)*Ca -f H*0,dlbrms 
needles or plates. The silver salt is a whit-q insoluble powder. By treating it with 
ethyl iodide the ethylic ether is obtained, cryatalUsing in needles and melting at 94®. 
The methylic ether is a similar body molting at 117®-118®. 

Bensoyl-isopbthalic acid treated with zinc and hydrochloric acid is converted into 
benshydryl-isophthalic acid, « G*H*.CHOH.C*H*(CO*U)* which, 

however, like /S-benzhydryl-benzoic acid (p. 8^18), is very unstable, and at once chewges 

CW— CH— C-H*— CO*H 

into the anhydride, C**H**0* =» 


Ucio 


Bee MonririifB. 


I« See NAFnTHTi.AMinH. 


ssnoT^L-nzoc. 


See 

Thiocarbucibbs, under OABBAMtnxs. 

i«TOXiTUUiJil«llZAttKSn. See ToLTLXirx-niufiKBs. 

As radicle CTH* ** — OH*(C*H‘). PhenyUmethyl, — In the free sbk^ 
0*H». See HiBKfzrn. ^ V 


BMWftVJb AX(€IOBO&. C^H*0« C*H*.CH*OH. This alcohol occurs in small 
quantity, together with benealdehyde, prussic acid, and a fragrant resto, in the 
volatile oil of cherry-laurel (Tilden, Pharm, J, Trans, [8], v, 7fil). 
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It IB formed, and may perhaps be &dvantageoiisly pr|pared, by the action of water 
and Modium-anialgam on benzamide : 

0»H».CONH* + H* - NH» +ic«H*.COH 

Benzamide, 

and C«H».COII + H* - C*H».OH*OH 

^Bonzaldehyde. Bensyl alcohol. 

(Qnareschi, Gazz. chim. ital, iv. 466). 

Uonzyl alcohol heated to 140° with hydriodic acid (b. p. 127), and phosphoruB, 
ia reduced to toluene, together with very small quantities of high>boiling compounds. 
In presence of phosphorus, this reaction may bo carried out even with a quantity of 
liydriodic acid insufficient for the formation of ben^l iodide, provided the iemperature 
1)0 raised to 170°-190*’ (Graebe„ Chem. Ges. Ber, viii. lt>54). 

ZirZi C’S’JLSI'ZDB, This compound, heated for several da^'s 

on the wator-bath in a reflux apparatus with an alcoholic solution of potassium 
hydrosulphide, is converted into a>t oluamide or phenylacetatnide. 
C®H*.CI1“.G0.NH“, which may be obtained in dazzling white crystals by distilling off 
the alcohol after the evolution of ammonia has ceased, washing the residual brown 
muss with cold water, and recrystoLlising it from alcohol, with addition qf animal 
charcoal (Weddige, J. pr, Chem, [2], vii. 99). 

BBSrZYZt BABOZB BTBBBS OX*.— These ethers, when acted upon by silver 
nitrite, do not yield nitro-derivatives of toluene. On treating the iodide in this 
manner, nitrogen dioxide is given off, and the benzyl is oxidised, yielding chiefly 
benzaldehyde and benzoic acid (van Ilenesse, BetU, Chem, Gcz, Ber. ix. 1454). Similar 
results have been obtained byll. Brunner {iftid. 744). With benzyl chloride and silver 
nitrite, non-nzotised bodies of high l>oiling iwint are obtained, including anthracene, 
together with benzaldohydo and benzoic acid. 

BromolieBsyl Brotnlda, G*lI^Br.CH^r (O. L. .Jackson a. W. Lowry, Dmti, Chem, 
Gee, Bor. viii. 1672; Jackson, ibid. ix. 931). The three modifications of this com- 
pound, differing from one another by the relative poB^.iana of the radicles Br and 
CH^r, are obtained by passing bromine-vapour into the corresponding bromotoluenes 
At the boiling heat. * 

ParabromofMmz^l htomide^ C^CH^Br.Il.II.Br.H*, is prepared by boiling the mix- 
ture of para- and ortho-bromotoluene formed by the action of bromine on toluene in 
the cold, and passing into the boiling liquid the vapour of an equal weight of bromine. 
The product is purified by distillation with steam. It crystallises from alcohol in 
noodles, having an agreeable aromatic taste and melting at 61°. The vapour strongly 
attacks the eyes, nose, and throat. The substaneb sublimes in needles and burns with 
a smoky, green-bordered flame. It is violently attacked by a mixture of potassium 
bichromate and sulphuric acid, and yields an ucid melting at 239° — 240°. 

'Metahromnhenzyl bromide is forced by passing the vapour of bromine into boiling 
motabcpmotoluene. The yield is very small. It crystallises in white needles, of an 
ogpoable odpur distinct from that of thp para-compound. It molts at 41°. Vola- 
tilises very easily in ether-vapour. By oxidation with chromic acid it yields an acid 
which crystallises in needles and melts at 161°. 

Orf hohromobmzpl bromide is obtained by passing the vapour of bromine into boiling 
orthobromotoluehe. In this case the bronnine is abigirlied much less readily than in 
either of the previous cases. The product could not bo fully purified, owing to 
partial decomposition during distillation. It forms a colourless oil, which does not 
solidify at — 16”. The vapour, like that of the preceding compounds, attacks the 
mucous membranes. It is not affected by a mixture of potassium bichromate and 
sulphuric acid. 

In order to estimate the relative facilities with which the bromine in the lateral 
chain of these three isomerides can be replaced, Jackson heated in a water-bath three 
small flasks containing a mixture qf 4 grams of each of the three bromides with 2 
grams of sodium acetate and 20 c.c. of absolute alcohol. After about half an hour 
t he flasks were allowed to cool, and the amount of sodium bromide whicli had formed 
ill each was estimated by precipitation with silver nitrate. It was thus found that 
ihojMflounts of bromine eliminated from 4 grams of the para-, meta-, and orthc^om- 
poiimds were 0*3927, 0*2884, and 0*0907 grams respectively, which numbers are in the 
mtio of I : 3*179 : 4*329. The square roots of these latter numbers are — 

1. 1*783, 2*081. 

Kov if in a regular hexagon four cons^utive angles be diatioguisht^d by theletten 
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a, b, c, dy the len^hs of straight lines joining tlfo nngles a and b, a end c*, and a andd 
xespectively Are in the rathi m 

»1 : 1*732 ; 2 

The striking coincidence of tnese two series of numbers (due allowance bein^ mmle 
for unaToidable errors of experiment) maj gire some support to the hypothesw that 
the difFerences in the facility of replacement depend upou the distances between the 
bromine-atoms in the molecule, and that the amonnt of replacement increases with the 
square of this distance. 

Ohlorlde* C*H*.CH^C1, IfMctians. 1. With Water. — -When lienzyl 
chloride is heated with water, the first product obtained is the chloride, 
C**H**01«C*H*.CH*.C*H*.CH*Cl, which, by elimination of IIGl, maybe convert.ed into 
the hydrocarbon C* •!!'*, or, by further action of the j^encyl chloride, into the chloride, 
which then undergoes sitniliir transformations. By the action of watiur on 
these chlorides, the corresponding alcohols and ethers nre produced. The crude pro- 
duct, freed by a stream of aqueous vapour from undocomposed bens^l chloride, and 
then distilled under ordinary pressure, yields chietiy hydrochloric acid, water, benzyl 
chloride, benzyl-toluene, and resinous or viscid hydrocarbons, which, wheniiirther 
heated, yield anthracene and toluene, together with small quantities of 'other sub- 
stances. • The anthracene and benzyl-toluene are not oontained in the crude product, 
hut are formed during the distillation. When the crude product is distilled in a 
vacuum, the decomposition of the chloride, 0**H**C1, is less energetic, loss hydrochloric 
acid being given off, and large quantities of benzyl chloride, benzyl-toluene, and 
resinous hydrocarbons being formed. These latter are obtained as masses resembling 
colophony; they melt below 100®, boil without decomposition in a vacuum, but when 
heated under ordinary pressure are immediately resolved into antliracene and toluetio. 
The chloride, boils in a vacuum at 204®-206®, with partial docom}X)sition, 

and yields, by distillation under ordinary pressure, benzyl ehlorido, benzyl -toluene, and 
a residue which subsequently yields anthracene ami toluene. The distillation of the 
crude product also yields a small quantity of a hydrocarbon boiling, under a pressure 
of 20 to 30 mm., at 264®-267®. a solid hydrocarbon melting at a lower temperature, 
benzoic aldehyde, and an thr aqwinone. The bena^l-toluene formed. in these 
decompositions yields by oxiSation a-benzoyl-beozoic aci^ and a small quantity of 
another acid, probably i3*bcnroyl -benzoic acid (Waber a. Zincke, OAem, Oes. JSer. 

vii. 276). 

2. With sodium-amalgam. — Benzyl chloride, heated for some time tol00®-120'’ 
with water and aodium-ama^am containing 1 per coni, sodium, gives off hydrochloric 
acid, and yields a small quantity of s til be ne, together with oily products which 
begin to boil at 300®, and do not contain mercuiy (Aronheim, Pent. Vhem. Qbm, Per. 

viii. 1406). • 

3. With Mothylal. By addinp sulphuric acid to a woll-cooled mixture of 
methylal and benzoyl chloride, dichloripdimothylphenylmethane, 
CH*(C*1I*.CH*C1)®, is obtained, which crystallises from chloroform, methyl alcohol or 
acetone, in brilliant white plates melting at I06®-f08® (Weiler, ibid. vii. 1186). See 

MBTHANB-DKHIVATrVliS and MwrHTE.Ar.. o 

4. With Aromatic Hydrocarbons* Wlicn benzene and its homologues are 

heated with benzyl chloride and powdered zinc, a series of hydrocarbons is produced, 
having the general formula OH**"**, viz, l>cnzyl-benzcn«», benzyl -toluene, 

C'<H*S benzyl-xylene, f.'c, (2n<f 182). 

In the case of beneene, the l^her-boiltpg ixirtion of the distillate contains two 
modifications of di benzyl-ben zene, aimilaiiy tfested yields, in 

addition to monobenzyl-toluene, a quantity of higher- boiling liquid consisting 
mainly of poly-benzy lated toluenes, or allied hydrocarbons, together with 
smaller quantities of anthracene,*’ and liquid hydro^rbons probably not related to 
toloene, but formed by decomposition of ^nzyl chloride (see BKifzri.*Toi;uKifn under 
DiranKTirDCRiTATTvns) ; and fUM^tkalms in like manner yields, together with a large 
quantity of resin, a thick oily liquid, which, according to Zincke, deposits crystals 
only after long standing ; acconiing to Frot4 a. Temmasi, on the other hand, it partly 
solidifies in receiv y, ib e solid substance thus obtained consisting of benzyl- 
naphthalene, C**HT(C^H7). 

Aceonding to ZiucSeb* most aromatic hydrocarbons of high boiling point belmpve in 
a similar manner with benzyl chloride and zinc, the benzyl chloride itself, 
being partly decomposed by the heat into hydrogen chloride and resinous prodAts 
{DetU. Chem. Ge*. Ser. vi. 137). 

6. With naphthylamine, in presence of a s mall q uantity of zinc powder, benzyl 
chloride yields benzyl-naphthylamin#^ N ^Fiote a. Toi * 
Bmll. fihe. €%im, p], mt. 67). Bee NArnriiYi 
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BENZYL SELENIDES, 


-.mil BB&ajrxnns (C. if. JacksoD, Liebigs Annalen, clxxix. 1 ; Deut, 
Chem. Ges. Ber. vii. Ill, 1277). The numoseleniUt or SMmhenzyl, (C'IIJ)=So, is form^ 
by the action of benzyl chloride on a solution of phosphorus pentaselenide in alcoholic 
soda. The solution when evaporated first deposits the monoselenide in white needles, 
and afterwards the diselenide in yellow scales, ^ 

The monoselenide may be purified by recrystallisation from alcohol or ether, and 
is thus obtained sometimes in needles, sometimes in broad well-defined prisms, 
especially when an excess of benzyl chloride has been used in its preparation. It has 
a faint odour, molts at 45*5^, is insoluble in water, easily soluble in ^cohol and ether, 
and burns with a smoky flame exhibiting the blue colour of selenium. Platinic 
chloride, added to its alcoholic solution, throws down the compound 2(C’H’)’Se.Pt01^, 
as a yellow powder slightly soluble in alcohol, insoluble in water. 

Selenbenzyl nitrate is obtainecl by gently heating the monoselenide with nitric 
acid as a white mass, which crysCallises from alcohol in rhombic prisms melting at 
88°, insoluble in water, easily soluble in alcohol, sparingly in ether. The atcoholie 
solution of this nitrate gives with hydrochloric acid a white precipitate of selen- 
bonzyl chloride, which crystallises from alcohol in yellow needles, decomposing 
below the boiling point of alcohol, with separation of selenium and emission of vapours 
which have the odour of benzyl chloride. On treating the nitrate with hydrobromio 
<ysi^ selenium is immediately deposited, and vapours are given off whicn strongly 
irritete the eyes. The same effects are produced, though less quickly, by brbmide of 
sodium. Potassium iodide forms in the solution of the nitrate a yellow precipitate 
which soon turns brown. 

From the reactions just described the chloride and bromide of selenbenzyl appear 
to decompose in tho manner represented by the equation : 

(OTr)*SeBr^ - So + 2C'H»Br. 

Benzyl diselenide, (C'H')^Se*, is best prepared by boiling sodium selenide with 
alcohol and benzyl chloride for several liours in a flask with reversed condenser. It 
crystallises from alcohol in unctuous yellow scales, which when exposed to sunshine 
decompose on the surface, and acquire a fine rotl colour. It is nearly inodorous when 
pure; melts at 90®, remaining fluid fora long time; bwins with a smoky flame, ex- 
hibiting tho blue colour of selenium ; is insolublo in water, easily soluble in hot, less in 
cold alcohol, still less in ether. When boiled with copper or silver it gives up 
selenium. It is not acted upon by hydrochloric acid, but is oxidised by nitric acid to 
bonzyl-selenious acid, C'IF.SeO.OH (p. 321). With methyl iodide it forms 
trimethy Iselen onium iodide, (CH*)*S*’I, and probably benzyl iodide (p. 321). 


VW’Xm snwrzoOYAXVATlI, G’H'SeON, produced by the action of benzyl 

chloride on potassium scleniocyanato, crystallises in white prismatic needles having 
a much more repulsive odour than the thiocyanate. It melts at 71*5^i is insoluble 
in water, but dissolves readily in hot' Icoholor ethers. 

Nitrohenzyl seUniocyanate, C’H*(NO*)SeCN, obtained by treating the preceding 
compound with cold fuming nitric acid, or by tho action of nitrobenzyl chloride on 

{ lotussium seleniocyanate, forms groups of white needles, melting at 122*6®, and 
laving a loSa powerful odour than tho 'seleniocyanato of benzyl. ^ It is nearly in- 
solublo in water and in alcohol, but dissolves in aqueous saLammontao (O. L. Jack- 
son, Bent. Chem. Ges. Ber, viii. 321). 

XTTXi &IIXPKS30B, {CHV)^. , According to Marcker (v. 859), this com- 
pound c^stallises from its solution by slow evaporation in long needles, by rapid 
cooling in luminso. Forst, on tho other band {lAebiffe Annalen, clxxviii. 370), finds 
that it never crystallises in needles, but that it sep/iratos from ether or chloroform 
always in largo thick tablets melting at 49®-60®. According to measnrenaents by 
O. Bodewig, those crystals belong to the orthorhombic system, having sometimes an 
elongated, sometimes a very short prismatic development, with much distortion in 
the latter case. Axial ratio a : 6 : c» 0 8126 : 1 ; 0*5160. Combination 
oofoo.ooPoo.aoP.P. 

According to Barbior (Compf. rend. Ixxviii. 1772), benzyl sulphide when distilled 
yields stilbeno, C^^Il'*, and stilbene sulphide, Forst, on tho other hand, is 

of opinion that the sulphur-compound thus obtained was probably impure tolallyl- 

sulphide, ll^> 

(X 


BBMTZBX-AOBTZO A.OZ3I8 (Lydia Sesemann, Inavynral Dissertation, Zanch^ 
1874 ; Beat. Chem Oes. Her, vi, 1086). When the yellow solid product obtained by 
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gradu^y heatiiig a(^le ether with sodium to 160° is mixed with beniyl ohloride, sad 
then heated to 200° in a flasl^ fitted with a reTeSraed condenser, ethjlic ethers of beiu^l- 
acetic and dibena^l-acetic acid are formed, the reaction being expressed* according to 
the views of Frankland a. Dnppa, by the following equations : — * 

CH*lIa * OH*.CH».0*H» 

I + Cl.OH‘.C*H» - NaCl + I 

CO.OCH* OO.OCI*H» 

Bthylio bcnsyUostete, 

OHNa* CH(0H*.0*H*)* 


Ac. 


00»H» 


+ 2{C1.0H*.C*H») 


io.c 


2Naa + 

BtbvlJc dlbeDsjlAoeteta 


Ethtlic Bemstulcwtatb, CH*(C^H*).CO'C*H*, is a limpid liquid boUii^ at 246°- 
250° ind having a fruity smell. The acid contained in it is idendcal with described 
under the names homotoloic, hydrooinnamie, and phenyl-propionic sciA 


Ethtlic BisaifZTLAOirrATB, forms a golden-yellow fragrant 

oil, which boils above 300°. On saponifying it and decomposing the salt with hydro- 
chloric acid, the free acid is obtainra, which crystallises from petroleum-naphtha in 
quadn^ic prisms molting at 85° ; it is insoluble in water, but dissolves readily in 
alcohol and other. The barium salt^ [(0*II*.CH*)*CH.C0*VBa, is a dense white pre- 
cipitate, which is insoluble in cold water, sparingly soluble in boiling water, and 
crystallises from it in fino white needles. Ihe calcium Malt is a similar precipitate* 
containing 1 mol. of water, and the silver salt forms a fiocculent and perfectly in- 
soluble precipitate. Au aqueous solution of the ammonium-salt, containing 10 per 
cent., gave the following charaoteristic precipitates: — 


Ferric chloride 
Cobalt niirato 
Manganese chloride 
Nidtel sulphate 

Copper nitrate 


In the oold. 
Pale-yellow 
llecldish- violet. 
White. 

White 

Xiight-blue 

« 


On hoattns. 

Ochre-yellow. 

» JDark-violet. 

Bro wu ish -y el low. 
Apple-green ; on cooling fine 
needles separate out. 

Bark -green. 


By tile action of phosphorus pontachloride on the acid, no chloride, but apparently 
a substitution-product, was obtained. When barium dibonzylacetate is heated witn 
soda-lime, some benzene is formed, and d ibenzylme thane, Cn’'(CH*.C*H*)*, an 
oily liquid boiling above 300°. On adding it in small quantities to warm fuming 
nitric acid, dinitrodibenzylmethane, Cll^(CII*C*H*NO®)*, is formed, separating 
from a solution in petroleum nnplitha as a pasty mass, which by washing with oar^o 
sulphide, is converted into an amorphous powder melting at 186°. 

The formation of the above two acids is qyite analogous to Frank! and and Bnppa's 
synthesis of butyric and die^ylacotic acids, &c. But while these chemists observed 
at the same time the formation of carbokotonic ethers, benzyl chloride does not form 
similar compounds. This shows that the latter compound, which bolongtvc at the 
same time to the acomatic and the fatty group, does not behave exactly as the haloYd 
ethers of the ethyl-series. 


sxnnACTrro « acmtats sTanruo* » 

CH*.CO.CH(CH* OH*).CO.OC5H, is famed by the action of chloride on 

ethylic acetorodacetate (p. 13). When decomposed by an alkali, it yields methyl - 
phenylothyl ketone, CH*.CO.OH*.CH*.C*H*, boiling at 235° (Ehrlich* Cnem. 
Oes, Ber. vii. 892). 

jMorXTiaUMmm* mmo- and AKZBO- (Stmkosch, Veut Chem, Qta, 
Ber, vi. 1056). The nitro-bases, secondary and tertiaiy, are formed by the action of 
ammonia on nitrobensyl chloride, C'HVKO^.Cl, and the correspond] og amido-bases 
by treating the nliro-bases with tin ana bydro^loric acid. The primary nitro- and 
amido-baaes have not yet been obtained. 

NitrobenMylaminea, — To prepare those bases, nitrobensyl chloride— obtained by 
gradually adAng benzyl chloride to faming nitric acid cooled to — 15°, till the mixture 
assnroes a dark brown colour, pouring this mixture into cold water and crrllalliring 
the washed and pressed precipitate from alcohol— is heated to 100° with aqkeona 
ammonia, whereby a brown mass is obuined, which diaaolves for the most part to 


• Zt miglii be repteeeated ecoording to tly riewi of Wislioeitiit oliwiilj explained <pp. 
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hrdiochlonc wad, yielding the hTdi^ehloridd of eecondarj nitrobeneylamine, 

salt crystallises in Astrons, yellow prisms, which 

melt at 212*^, and are difficultly soluble in water, aIc6hol, and hot hydrochloric acid. 
With platinic chloride it forms a double salt, (C**H**iT*O^H01)*PtCl^, crystallisijig in 
pale yellow needles, almost insoluble in alcohol and in hot water. The free base, 
obtained by precipitating’ the hydrochloride with soda, crystallises from alcohol in 
large shining plates of a yellow colour, melting at 93^, soluble in hot alcohol, but in- 
soluble in water and in ether. It seems to be capable of distilling alone without 
decomposition, but does not volatilise with vapour of water. 

After the secondary nitrobenzyl amine has crystallised out from the solution 


soluble in alcohol, hot water, ahd hot hydrochloric acid. The free base likewise 
crystallises in yellow nodules which are insoluble in water. 

The portion of the original product insoluble in hydrochloric acid consists of 

C*H*NO*CH*v 

tertiary nltrobenzylamine, C*H^NO*.CH*-^N, and may be purified by crys- 

O-H^NO^CH*/ 

tallising it, first from nitrobenzene, and subsequently from glacial acetic aicid. It 
forms white lustrous neoilles, which melt at 163^, and are insoluble in water or in 
ether, and only very slightly soluble in hot alcohol. It is also formed by digesting 
secondary nitrobenzylamine with an alcoholic solution of nitrobenzyl chloride at 100^ 
for about four hours. 

As the action of ammonia on benzyl chloride yields all tliroe amines, it might bo‘ 
expected that primary nitrobenzylamine would be formed together with the other bases. 
Such, however, is not the case ; neither can this compound be formed from secondary 
uitrobonzylamiuo by treatment with hydrochloric acid at a high temperature. 

Amidaheujey I amines.-^ Secondary amidobensyla^nine is produced when the corre- 
ar nitrobenzylamine is reduced by tin and hydrochloric acid. The hydrochloride . 

obtained by docompewing tho^^tannochloride with sul- 
phuretted hydrogen, crystallises in white lustrous scales, which are insoluble in 
alcohol and ether, easily soluble in water, less so in hydrochloric acid. The platino- 

cAforide, ^ ^ |N.3H01.PtCP, crystallises in largo, reddish yellow needles, 

easily soluble in hot water, but insoluble in alcohol. The free base, precipitated from 
an aqutjous solution of the hydrochloride by soda, crystallises in glistening needles or 
plates, which melt at 106°, and are soluble in hot water, alcohol, and ether. It may 
be distilled without decomposition, and hecomes coloured by exposure to the air. The 
sulphate and nitrate form easily soluble needles. 

Tertiary Amidobensylamine, CH*-^N. The prolonged action 

of tin and hydrfxrliloric acid on tertiary nitrobenzylamine, cause the tertiary amido- 
compound at first formed to split up into secondary amidobenzylamiuo and toluidine ; 
but if the action of the reducing agent bo coutinu^ only until the nitrobenzylamine 
has dissolved, and the tin bo at once precipitated by sulphuretted hydrogen, a solu- 
tion is obtained. Aom which soda precipitates the w]\ite mrystsUine tertiaiy amido- 
bonzylamino. This base forms brilliant octohedrons, which melt at 136°, and are in- 
soluble in water, but readily soluble in hot alcohol or ether ; it distils imchauged. 
The hydrochloride crystallisea in yellow needles, which ore exceedingly soluble in 
water, hydrochloric acid, and alcohol. The platinocfiloridc is an amorphous, yellow 
compound. 

Frimazj nmidobenzylamine does not appear to lie formed either by treating 
nitrobenzyl chloride wiih ammonia and ammonium sulphide, or by the nitration of 
ocetoboDzylamide. 

mtrobenffylphenylamine, C**H»*N^* =» C«H^NO-').CH«— NH(C«H»). is produced 
bv the action m aniline iu excess on nitrobenzyl chloride. The product mixed with 
hydrochloric acid solidifies to a ciystalline pulp, from which warm dilate hydrochloric 
acid extthots hydrochlorkfe of aniline, leaving the hydrochloride of nitrabemzylphenyl- 
uudissolved. This salt crystallises from hot concentrated 
hydiKi^loric acid in white shining scales, which are soluble in absolute alcohol, but 
are decomposed by water into hydrochloric acid and the free base. The platmo* 
chUrnde forms brown» shining scales, soluble in water and in hydrochloric acid. The 
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/rep baaB crystaUiM in gokUn-yeUofw needlesi whioh at 68^, and Sre aoluble in 
hot alcohol, ether, and benaei^, hut inaolnble ur water. 

AnUdobetufy^Aani/ianUne, » OH«(im^^CH^--NH(C«H*WThia base 

cannot be prepafad bj redocHoit of the nitro^compound with tin and hyarochloric add, 
the reaction proceeding much farther; but by digesting nitroben^lpbenylamine with 
ammonium sulphide at 100^ for a short time, distilling oif the excess of aulnhide, and 
repeatedly crystallising the product frem concentratod hydrochloric acid, amidobeniyl- 
phenylaminc hydrochloride, C‘*H**N*.2HC1, may Iw obtained in brilliant needles, 
whicn are easily soluble in alcohol and in water, leas so in hydrochloric add. The 
pl<iUvu>oAlori^ is dark yellow and amorphous. The free base is precipitated by soda 
from a solution of the i\ydrochloride, in glistening scales, which melt at 88^, and are 
readily soluble in ether, alcohol, and bensene. 

AOZOS, * OH*,OH» 0*H*.00*H (RbUring, 

loo. ci^) Two modifications, a and /9, are formed b/the action of sodium-amalgam on 
the corresponding bensoyl-bensoie adds. The a-acid, easily produced in this way, 
is identical with that which is obtained by the action of hydriodic add on 
a-benzhydrylbcnzoic acid (Zincke, 2fid SuppL 177), or on a>bensoyl-bensoic add 
TGraebe, lieuL Ckem. Gee, Ber, viii. 1064). It ci^tallises from hot water in delicate 
feathery needles, 2 or 3 c.m. long, melting at 167^. Its boriwm salt, 
2H’0, separates from a saturated sm^ution on cooling in small shining 
moderately soluble laminae. The calcium crystallises in wavellitic 

nodules. An acid calcium salt, sepi^ates, on passing carbon 

dioxide into the solution of the neutral salt, as a white precipitate, which diaaoWes in 
dilute alcohol, and separates therefrom in fine druses of long thin concentrically- 
grouped needles. 

^‘lieuzyl-bensoio acid is formed by the prolonged action (8 or 10 days) of sodiuni- 
amulgam on i3-benzoyl-benzoic acid ; if the action bo continued for a shorter time 
only (3 or 4 days), the product condste of i3-benahydryl-benzoic anhydride, ^‘ben- 
zyl-benzoic acid crystallises frem alcohol and water in slender shining needles ; from 
hot water in very long broad threads. It melts at 114*’, and sublimes in slender 
needles. It dissolves easily in alcohol, ether, chloroform, and benzene, sparingly in 
cold, somewhat more easily in boiling water; strong sulphuric acid colours it miutly 
yellow. The barium mil, (C'^H‘'0*)*Ba+ 6411*0, is moderately soluble in water, and 
crystidlises in conconirically-grouped nocKlles. fhi.caU'ium salt soparatos from aqueous 
solution tis a flocculont powder, having the composition (C‘*H**0'-')“Ca+ 2H*0 ; fh>m 
dilute alcohol in long wining needles, [(G**H"0*)*Ca+ 20*11*0*). The silver eaU, 
C‘*H"0*Ag, obtained as a white fiocculont precipitate on mixing the solution of the 
ammonium salt with silver nitrate, is nearly insoluble in water, and blackens slowly 
on exposure to light. The metkylic ether, C**Il**O*.0H*, obtained by decomposing the 
silver salt with methyl iodide, is* a thick, colocrless, non-solidifying liquid, which 
dissolves easily in alcohol and ether. 

Mann.sxBTsnBinhnDani i*9»a, ia fomed, 

together with other products, by heating 2 molt, ethyl iodide and 3 mole, benzyl 
sulphide to 100^ for several hours ; and by agitating the product with siluar chlo- 
ride, filtering, and fractionally precipitating the solution with pUiinic chloride, 
the platinochloride of benzy Idiethylsulphi n o, [C*H*(C"H*)^Cl]*PiOl*, is 
obtained, crystallibing in needles (Schdller, Deut, Ckem. Gee, Ber, vii. 1274). 

BM 18 liTli -ISMPMBMnriiilJdy »» A name incorrectly giveoTto the compound 

■MTT {WCTt 

N ^H** should bocalled beaeenyldiphenylamine. See 1>ipubkti.amink. 

gpnrSTXrXSOBKTXAUO JLOJCBt is 

formed by treating benzoyl-isophthalie or benzhydxyl-iaophtholie anhydride with sodium- 
amalgam, the action being continued for six or seven days, and assiited towards the 
end by h^. The acid separated from the product by hydrochloric acid is purified by 
conversion into the barium salt, which resemble that of benzoyl-isophthalie acid. 

Ben^l'isophthalic acid is a white crystalline powder, nearly insoluble in water, 
either hot or cold, sparingly soluble in toluene and chloroform, easily in ether, alcohol, 
and acetone. From hot dilute alcohol it separates in flo^ composed of small sLeDdsr 
needles, and melting at 242®-248®. The barium salt, C>*H**0*:^, U a whit<f«3rys6p|^X», 
line pounier, less soluble in hot than in cold water, and precipitated from its aqape^:* 
soluuon by alcohol. The caleium salt, C**H*^*Ca+ H*0, closely zesduhlM 
barinm salt. The sifter salt is obtained by predpitalion as a white powdeg, 
stkytic ether, C**H»OXC*H*)* is a thick colourleMi non-solidifying oil (BlatabedBI); 
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c 

mmanmmKm szcbmkzps, or bbbzax obbobxbb, (rH«ci*« 

C^H^.OHOP. This compound is converted hy chlorine itfbo a chloroben^lene dichloride, 
C*H^01.GHCI^ which on oxidation yields ^^^hlorobenzoic acid. With nitric acid, 
on the other hand, it yields a nitrobeni^lene dichloride, C”H^(NO^).OHCl^, conyertible 
by oxidation into ^^anitrobenzoic acid (Beilstein a. Jtuhlberg, lAebi^s Annalent cxlvi. 
338). 

This result ^pears to be at variance with the general law deduced from the 
experiments of Hizbner a. Heinzerling, viz. that when Ihe hydrogen in hydrocarbons 
is replaced 1^ groups of elements of decidedly similar character, that is to say, 
either decidecQy negative (acid) or decidedly pMitive (basic), the same hydrogen-atom 
is always replaced. According to this r^e, if benzylene chloride is converted by 
chlorine into paraehlorobenzylene chloride, nitric acid oi^ht to convert it into 
mranitrobenzylena chloride, instead of which the nitrobenzylene chloride actually pro- 
duced has the groups NO^ and (^CI* in the meta-position. Inasmuch, however, as 
benzylene dichloride is converted by the action of water alone, and stiU more Readily 
in presence of oxidising agents, into benzaldehyde and benzoic acid, it seems not 
improbable that the formation of metanitrobenzoic acid in Boilstein's a« Kuhlberg’s 
experiments may have resulted from the action of nitric acid on these latter compound. 
And such indeed appears to be the fact: for, according to Hiibner a. Bente iJDeut, Chem. 
Oes, Her, vi. 803) the nitration-product of benzylene dichloride yields on oxidation a 
nitrobonzoic acid, which, when freed from accessory products, and further purified by 
conversion into barium salt and separation therefrom, melts at 238^-239^, which is 
very near the melting point of pure paranitrobenyoic acid (240®) ; moreover the 
barium salt of this acid has the compositic a of the paranitrobenzoate, 
(O^H®NO*)*Ba+ 6B[*0, whereas the motanitrobonzoato crystallises with 4H*0. 

It appears then that chlorine and nitric acid act in exactly the same manner as 
regards the position of the hydrogen-atoms which they replace in an aromatic hydro- 
carbon. 

The product of the action of chlorine, in presence of iodine, on benzylene dichloride, 
appears to contain, besides pe.rachlorobenzylene dichlorido, more or less of an isomeric 
compound. 

Action of Afnwcnia. — Benzylene dichloride, heated with alcoholic ammonia, yields 
benzyl-oxethyl chloride, C®H\0HC1.0C*H*, as a liquid boiling at 210®-212®, 
and easily converted by strong nitjric acid into ethyl metanitrobenzoate^ 
0*H^(NO*).OOOC*H®, melting at 44®, and identical with that which is formed by 
nitration of ethyl benzoate. At the same time there is formed an oily liquid, probably 
an isomeric compound (Hiibner a. Bente, loe. cif.) 


BBBZYB-B’B.PBTBBBBSriS, This hydrocarbon is 

prepared by the action of powdered zinc on a mixture of naphthalene and benzyl- 
chloride. On distilling the product, unaltercKl .laphthaleno passes over first, and 
then, between 320® and 350°, benzyl-naphthalene, as an oily liquid which solidifies in 
great part in the receiver. When freed by pressure from adhering oil, and c^tallised 
from alcohol, it forms colourless needles wluch melt at 64°, dissolve readily in alcohol, 
but are insoluble in water (C. Froi^l^Compt. rend. Ixxvi. 639). 

BBJrX-r^OXTBBirZOZO ACZB, = G’H’.C*il’(OH).CO>H (Patem6 

a. PileU, Gaez. chim, ital. iii. 237). This acid is formed by the joint action of sodium 
and carton dioxide at 150° on benzyl-phenol {infra). The product of the reaction is 
dissolved in water and precipitated with hydrochloric acid ; and the precipitate, which 
consists of benzyl-phenol and beuzyl-oxytoi]i^oio acid, ia boiled with an aqueous solu- 
tion of ammonium carbonate, which dissolves the latter. After separation of the 
phenol, the solution is acidified with hydrochloric acid, and agitated with ether, and 
the ethereal solution is loft to evaporate, whereupon it loaves the acid in the civstal- 
line state ; the quantity obtained, however, is ve^ small. It may be purified by re- 
crystallisation from alcohol. 

Benzyl-oxybeiizoic acid molts at 139°-140®, is only slightly soluble in toiling water, 
readi^ in alcohol or ether, and crystallises in needles or small prisms. The eUver 
eaU, 0’'H’.(>H®(OH).CO'^Ag, is a cupl^ precipitate slightly soluble in boiling water, 
ana crystallising out again on cooling in colourless needles. 


Kn /S-OXTBirTTBZO Bcm* C*»H**0»==CH*.CH(OH).CH,CH*.<>H* 

ho.OB. 


it fomed bv the action of sodium-amalgam on othylic benzyl-acetoacetate (p. 317). 
It is precipitated £rom its salts by mineral acids as an oil, but afterwards er^tallises 
in long slender needles melting at 152®~153®« and only sparingly soluble in water eveii 
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at the boiling heat. Its wft, (0**H‘»0^*Bs+ 2H*0. forma nodniar gioupa of 

cijBtala very aolnble in water (Ehrlich, Olem. Ota, Bar. Tiii. 1208). 

See DlFM*irfI.-l>BElTATITB8. 

mmMKn^BMUMMXOirm AO».(0rH’)Se0*H (C. L. Jackeon. Liebiff*a AHnaIcn, 
clxaLc. 13). This acid, analogotte to ethjl^aeleniouB acid (le^ Sui^. 1016) is produced by 
gmUj beatii^ benxyl diaelenide with strong nitric acid ; the diaelenide then dissolves, 
with evolution of red vapours, to a colourless liquid, which, on cooling, deposits 
bensyl-selenious acid in crystals, to be purified by tecrystallieation from hot water or 
alcohol, and dried in a vacuum. 

This acid erystalUses in stellate groups of white needles ; when pure it has not a 
very strong odour, but that of the impure acid is extremely disngreeable. It melts at 
86® (uncorr.); dissolves sparii^ly in cold, very freely in hot water, easily in cold, 
still nftre in not alcohol, but is nearly insoluble in ether. It has a stro^ acid reac- 
tion and decomposes carbonates. Phosphorus pentachloride converts it into a wlute, 
stable, crystalline substance not yet examined. 

Ammonium Benzyl-nUnita is obtained by dissolving the acid in aqueous ammonia, 
and evaporating over the water-bath, as a white substance which with some difficulty 
forms crystalline nodules, and is very soluble in water. The aodium aaU^ 
is a white indistinctly crystalline mass, very soluble in water. The ailvtr aoli 
(0«H*)SeO*Ag, formed from the ammonium stilt by double decomposition, is a white 
curdy precipitate, and by solution in a very large quantity of boiling water may be 
obtain^ as a felted mass of white capillary crystals blackened by exposure to light, 
but not by the heat of the water-batn. It is very slightly soluble in Ixtiling water, 
insoluble in cold water, also in alcohol and ether, easily soluble in nitric acid. The 
barium ftalt is very soluble in water. The lead sail, obtained by precipitation, is a 
white crystalline powder insoluble in cold water, and less soluble in hot water than 
the silver salt. 

MmwmrB-Bmt 0 WMOMXmm COBWOmros (Jackson, Lirbiff*s Anruden, 
clxxix. 18). The term selenonium may bo applied to selenium compounds containing 
quadrivalent and sexvalent selenium, analogous in constitution tr> the ammonium- 
compounds, containing and to the sulphonium-compounds, containing S*' and S** 
(commonly, but less appropriately, callcKi sulphbie-compounds, v. 881 ). In fact, the 
saline compounds containing tetra- and sexvalent sulphur and selenium respectively 
are derived from the corresponding basal compounds containing bivalent sulphur and 
seletiium, in the same manner as the ammonium salts are derived from the amine- 
bases, thus : — 


(CH»)«N»I 


\CH*)*S" 

(OH*)*S'»I^ 


HW 

(CH»)*8e" 

{CH*)»So»’I 


Beusyl^imsi^/iselenonium IH-iodide , « the last command in tjks preceding 
table, is formed, together with trimetbylselenonium iodide and bom^l iodide, by 
digesting benzyl diselenide for several days wi^ excess of methyl iodide. A black 
mass is thereby formed, which, when treated with water, yields white soluble prisms 
of trimethylsefenonium iodide, ismd a blac^ residue consisting of b^zyl iodiae and 
benzybdimetbylselenonium tri-ioaide : — 


((rH»)«e* -h 6CaBPI « {C’U^XOWyGeV + (CH»)^I + 

The bsn^l iodide may be dissolved out by cold alcohol, and the remaining tri-iodide 
crystallised from boiling alcohol and dried in a vacuum. It then forms black slightly 
soluble needles, having a metallic lustre and very ofiensive odour, and melting at 86® 
(unoorr.) It softens at a few degrees below its melting point, and volatilises to a 
slight extent below 100®, giving vapours wbieh strongly attack the eyes. It fs 
insoluble in waUr, sliffbtly soluble in cold, moderately soluble in hot alcohol and in 
ether. The red alcohcdie solution is decolorised by gentle heating with mercury. 

BmsvUdimeikvlssUnonmm BUUinooktoride, [(CrH')(CH*)^Be01]*.PtO^, is pftp«ired 
by treating the tn-iodide with alcoholte silver nitrate, mixi^ the filtered li^id With 
hydrochloric acid, filtering agaiD, and adding aqueous platinic chloride. The com- 
pound then sepan^ after a while as a yellow prMipitate consisting of raiinoscopie 
square ciystslline laminm, insolnble in water and in alcohol. When heated it turns 
brown bJow 100®. black at a low red heat,1iiid gives o8r an inflamniablo vapour. 

3rd y 
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VZC BCZBf — OB.^ — SQ^ — OH. This acid, isomerie 

with tolnsDcsiilphoiiic acid, OH*- — C3*H* — SO* — OH, is obtained, as a potassiuxn c^lt, 
by boiling benzyl chloride with a moderately strong. solution of neutral potassium 
sulphite (see 2?/d SuppL 184, where the acid is described as BmzyUauljfhuroita acid), 

BenzyUsulpJumic chloride, C*H®.0H*.S0*.C1, is formed by the action of phosphorus 
pentachloride on an equal weight of the potassium salt. The action begins at 
ordinary temperatures, and may be complete with the aid of a gentle heat. The 
mass, after cooling and washing with water, is dissolved in ether, and on leaving the 
solution to evaporate, the chloride separates in colourless prisms which melt at 92°, 
and are resolved at a stronger heat into ben^l chloride and sulpliur dioxide. 
Ammonia converts it into the amide, 0*H*.CH*.SO* NH®, which forms small prisms 
mc^erately soluble in water and melting at 105° (Pechmann, Beut, Chem, Ges, Ber, 
vi. 634). 

• • 0®H*— OH*— SO»H ,, 

Slbensjl-aulplioiilo Aol4l,G'*H*®(SO*H)®»> ( This acid is 

0*H^— CH»— SO*H 

produced by shaking fused dibenzyl with warm sulphuric acid ; on cooling, the liquid 
solidities to a magma of crystals, forming, after draining, a light reddish white mass, 
which, on standing in the air or on addition of a little water, forms a solution from 
which, on standing, the hydrate, C*^H'*(SO*H)® + 5H®0, crystallises out in ^j^ufts of 
long needles, whilst by evaporating the solution in a vacuum largo plates are formed. 

The potasshtm salt, + 2H*0, crystallises in silvery plates. On 

purifying the crude salt, a small quantity of reddish warty ciystals is obtained, con- 
sisting of C**H»®(SO»K)^+ 3H®0. 

The barium salt, C»<H>2(SO*)*Ba -f iH*0. and the lead salt, C»<H'®(SO>)"Pb + K^O, 
are not insoluble in water, as stated by Fittig a. Stelliiig (jahresb. f. Chem. 1865, 
547)^; they separate from a boiling solution in warty masses. 

By fusing the potassium salt with potash and adding hydrochloric acid to the 
solution of the melt, a precipitate is formed, which, after crystiillisation from acetic 
acid, consists of oxydibenzylsulphonw acid, C*‘H**(GH)(SO®H ) ; and if the fusion with 
potash be further continued at a high temperature, this last acid is converted into 

dioxydibenzyl, or I , which crystallises in white, shining 

C«H*--CH*(OH) 

laminae, nearly insoluble in cold, moderately soluble in hot water. When punfi(?d by 
sublimation, it molts at 185°. 

Simultaneously with the dioxydibenzyl, paraoxybenzoic acid is also formed 
(together with a small quantity of phenol and traces of benzoic acid) ; and on treating 
the fused mass with an acid, the paraoxybenzoic acid dissolves, while the dioxydi- 
benzyl separates out (B. Kade, Dsut. Chem. Ges. ^er. vi. 053). 

BWMrS'r3b-Sir&PBOSnncrilC COPSPOrabB (0. Schmlcr, Deut. Chem. Ges. 
Bet. vii. 1274). Benz^UdimtihylsulfJimiwm iodide, is formed, 

together with trimethylHulphonium iodide, (CH*)*SI, by the action of methyl iodide 
on benzyl sulphide, either at ordini'iVy temperatures or at 100° in sealed tubes. The 
first products of tlio reaction arc benzyl iodide and methyl sulphide; — 

2CI1*I + (C’H»)®S - 2C"Ha + (CH»)*8. 

and the methyl sulpliide then enters into combination, partly with benzyl iodide, 
partly with methyl iodide, forming the two compounds aljovo mentioned. By agitat- 
ing the proiluct with water, filteiing through a w.'t filter — on which an oily mass 
remains — and agitating the filtered solution of the iodides with silver chloride, they 
are converted into the corresponding chlorides ; and the solution of these compounds, 
mixed with platinic chloride and fractionally crystij^llised, yields at first long orange- 

v. 1 ^ . -f^-uzyl- dimethyl sulphonium, 

I orange-red prisms of the tri- 

Ethyl iodide does not act on benzyl sulphide in the same manner as methyl iodide, 
at ordinary temperatures ; butat 1 00^ in sealed tubes, benzyl-diethylsutphonium 
iodide is formed, which, by treatment as above, yields a platinum salt having the 
compodtion [(<yH")(C*Il»)*SCl]* PtCl*. 

nmn-ToiioairB, 

j- See I>iPHFj^Yi.-i>RRivaTnrES. 

The kernel of the Bmzil chestnut {BertholUttia txaUd) 
has been analysed by Coronwindcr (</. Pharfa, Chim. [4], xviii. 14), whose results are 
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ftivan in the fbllowing tablg, together with tftoee of the nnalysis of the eorth-i 
(ArachU kvpo^aa). 


Water . . . V . 

Oil .... . 

NitrogenouB aubstanees . . 

Organic matter, not nitrogenous 
Phosphoric acid . 

Lime, potash, silica, &c. 


Kernel of 


Kernel of 

Brasil obestnut. 


earih-imt. 

800 


0-76 

66-60 


6176 

16*31 


21-80 

7-39 


17-66 


0- 64 

1- 39 

1 2oa 

100-00 


10000 


The percentage of nitrogen in the kernel of the Bmsiil chestnut i« 2*4/». 

SlUtTXto 0. Grevillo Williunis {l*roc. lioy, JSoc. xxi. 4«>l>) Juw iletermined the 
apecifle gravity of beryl and of emerald, before and after fusion, with the following 
results : — 

Beryl. EmfimUI. 

Before fusion . . 2*66 to 2‘60 2'G9 to 2'70 

After . 2-4 1 2 40 

Artidcisi beryls, oomposiHl exactly according to the analysis of the natural mineral, 
had a ap. gr. of 2*42. 

The green colour of the emerald is due to chromic oxide, not, os sometimes supposei], 
to carbon compounds. Carbon and hydrogen are iudeod present in borvleand emeralds 
(a beryl gave 0'08 p. c. carbon and 0*06 to 0*11 p. c. hydrogen), but they have nothing 
to do with the colour. Williams’s exporimonts confirm, indeed, the rusults obtAiru.^! 
long ago by VauqueUn, Klaproth, and liofmeister (ii. 486), and in 1809 by Boussingault 
{Compt. rend. Ixix. 1249). 

Wobsky (Jahrb, /. Min, 1876, 774) has examined crystals of beryl from Eidsvold 
in Norway. They were imbedded in felspar, quartz, or •mica ; hiul nn emeraId>grocn 
colour, and exhibited the twelve -sided pyramid, \p P in addition to ooP, OP, 4^F2, 
and P. 


SXTAXlfBi 0*H*’N<P. OccuT¥mce. — This base exists in mangel-wurzel as well 
as in thosugoa* beet (Schulze a. Urich, Landw. yersuchs, St,, xviii. 400). lluKemann 
{Arch, Pharm, [2], vi. 216) finds that lycine, the base discovor<Mt in 1864 by himself 
and Marm4 in Lycittm f/arbarum (iii. 738) is identical with betaine. 

Svnihesie, — Betaine has the constitution of trimothybglycocino, C*II*(CIl“)*NO*, 
CH*—N(CH*)* 

I i , and should therefore bo furmo<^l by the action of methyl iminle on 

CO — o 

glycocino (aniidacctic acid), ^just as'lnmethyl-amidobonzoic acid (bonzbetaine) is pro- 
duced from amidubenzoic acnl (2nn? Suppl. 18^, and this synthesis has actually t>eun 
efTccted by Griess {Deui. Chem, Crce. Per, v iff 1400), One mol. of glycocino, di 
solved in excess of strong potash-ley, is mixed ^ith 3 mols. methyl iodide, and then 
with a quantity of methyl alcohol sufficient to form a uiiifi^rm mixture. Thi^ when 
left to itself, soon }>ocomcs warm and its alkaline nwietion gradually changes to a 
decided acid reaction. The liquid must th8n be again rendered alkaliiTT by additiuii 
of potash, and this treatment repeated till the alkaline reaction is no longer desti^^ycd 
even after a further addition of methyl iodide. 

The betaine formed by this reaction may be separated (in case only small quantit it-s 
are operated ujmn) by neutralising with hydriodic acid, removing tho methyl alcohol 
by distillation in the water-bath, diluting the residue with a little water, and then 
adding a solution of iodine in hydriodic acid, whereby a periofBde of betaine is pre- 
cipitated in black- brown sbinio)^ needles, which, after separation from the mother- 
liquor, may be purified by repeated washing with water. This periodide, suspended 
in water and treated with hydrogen sulphide, is converted into betaine hydriodido, 
from which the base and its other compounds may be obtained by known methofis. 
SomologoM or Sotmltto. 1. Triethylgtycocine, C*H‘'NO> - 
OH*— N(C*H»)* 

C*H^C*H*)*NO* — I I This base is prepared by heating tricthylamine 

CO O 


with ethylic chloracetate, telling the crude product with baryta-water to Remove 
hyclrochloride.of triethylamine, and treating the resulting chloride of triethylamtdo- 
acetic acid, W(C*H*)*Cl — CH* — CO*H, with silver oxide. Triethylglycocino thus 
obtained unites both with acids and with bases. It begins to boil at 210^, but only a 
part of it goes over unaltered, the remaii^er being resolved into triethykmine and 
earbonaoeons products. The chloride of triethylamidonoeiic acid just mentioned may 

T 2 
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bo boated irltb etrong bases to a soxAewbat high teniTOTature ivitbout undergoing 
dtpeomposition ( J. W. Briihl, Deut, CheT/i, Qts* Set, Tiii, W06). 

CH— N(CH»)* 

2. Trimeihyl-a-propiobetaine, C«H>*NO* “ ^ ^ “ formed 

by tbe action of ethylic a-cbloropropionate on trimethylaxmne. The action begins at 
ordinary temperatures, and may be completed heating the materials tether for 
ttreWe hours in sealed thbes in a irater^ath : it takes place most readily in alpoho^c 
solution. The product, consisting of the hydj^hlorides of trimethylamine and 
methyl-a-propiobetaine» may be freed from trimethylamine by boiling 'with liaxyta- 
rrater ; and, on removing the baryta with sulphuric acid, the latter b^y lead hydrate, 
and leaving the filtered solution to evaporate over sulphuric acid, it solidifies to a' 
mass of extremely deliquescent apparently cubical crystals of trimethyl-o-prqpio- 
betaine. .• 

This base has a neutral reaction, no smell, but an aromatic and very sweet ta^ ; 
dissolves easily in alcohol, but is insoluble in ether. It begins to boil at 210*^, giving 
off l^e quantities of trimethylamine, together with a small quantity of a brownish 
empyreumatic oil. It unites readily 'with acids, forming very hygroscopic salts. The 
j^laiinoohJUyridey G*H'*N0*.H01.FtCl^ separates as an orange-coloured pulverulent pre- 
cipitate on adding hydrochloric acid and platinic chloride to an alcoholic solution of 
the betaine, and crystaUises from water in large shining roseate prisms with pointed 
end-faces ; it is insoluble in ether. The auroehl&nde^ C*H*"NO*.HCl.AuCl*, crystal- 
lises in long needles having a golden lustre ; dissolves eas^ in hot water, alcohol, 
and ether, but is insoluble in chloroform. The iodide^ 0*H**N0*I.C*H”N0*, forms 
colourless shining prisms, several centimeters long, permanent only when quite pure. 
It is very soluble in alcohol and in hot water, only slightly soluble in cold water, in- 
soluble in 6thor (Briibl, Deut, Chem. Ges. Ber, 1876, p. 34). 

SIUi« O. Jacobsen {Deui, Chem, Gee. Ber. vi. 1026} has made au examination 
of bile taken from a healthy man, through a biliary fistula which remained open for 
several weeks. This bile was a clear neutral liquid having a greenish brown-yellow 
colour. The sp. gr. varied from 1*0105 to 1*0107 ; the amount of solid constituents 
from 2*24 to 2*28 per cent. Albuminoids and liyicine wore present only in the first 
few days after the opening of the fistula ; sugar and urea were absent ; the only bile* 
pigments found were bilirubin and rbiliverdin. The composition of the ash was as 
follows : — 

KCl NaCl CO»Na* PO*Na» (PO*)*C5a 

In per cent, of ash 3 30 65*16 11*11 15*00 4*44 « 100 

In per cent, of dry bile 1*276 24*508 4*180 5*084 1*672 b37'620 


The ash also contained small quantities of iron, silica, magnesia, and tmees of 
cop^r. * ^ 

The dry residue of the bile contained the following amounts of organic afilw 


Cholesterin , , . • c* • • * 

Unsapouifled fats and a little meate of sodium 0*44 

0*21 

OlycocHoiate of sodium . . * . 44*80 „ 

Falmitate and stearate of sodium ... 6*40 „ 

Organic BubstaDces insoluble in etlier and in alcohol 10*00 „ 


Taurocholic dcid was not present in this bile ; buj. the examination of specimens 
of bile from patients who had died of vL*iou8 diseases showed that this acid does 
also occur in human bile, and that its proportion to glycocholic acid varies within 
very wide limits. 

The distillate of putrid bile has been fbund to'oontain trimethylamine, the ^ 
formation of which is due to the putrefactive decomposition of the neurine of the bile. ^ 
Addition of considerable quantities of neurine to the bile prevents the putrefaction ^ 

( J. Mauthner, Liihig*8 AimaUn^ cLxvi. 202). 

Aidion ef Beptenee, — The precipitate formed by bile in pqptone-solutions redis- 
Bolves in an excess of bile amounting to four or five times the volume of the liqui<L 
the result being but little inflneucod by the concentration of the peptone-eolntion^i 
The mpein of the bile does not appear to be concerned in the redissolntion of the prey;^! 
eipitate. An 8-pw cent, solution of crystallised ox-bile also produces in peptone^ 
solutions a pmipitate which redissolves in excess of Uie bile. Dog's bite appears 
be less eficaeions in redissolring the precipitate (Moleschott, Chem, Centr. 1876, 3581. 

PM M. Bilirubin and biliverdin have been variously fonaulatcd 
as follows (1#< Suffi, 344); — * 
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Tluidic ham. fttlktoter. MMtj. 

BUirubin CWNO* 0'*H«N«O» 

BiliTsrdin 0»H*N0^ 0‘W‘NW 

Maly el^zv. 76) recommends the preparation of bilirubin from 

the gall-stones of oxen^ which ooutain 28*10 per cent, of that substance. By the 
anaLysif of bilifrerdiu and the determination of Uve quantity of it obtainable mm a 
l^iven *veight of bilirubin, he considers lliat his formula above given for that snbstanoe 
1 s confisinedL 

"Bjr<«no-6t{tr«6tns (Thudichum, CAem. Soe» Jour, 1876, 389; 1876, ii. 37; 
Ma]y» IMi^s Afwalen, clxui. 106). — Thudichnm finds tliat bilirubin, treated for a 
short time with bromine-vapour and heated to 100*^ till no more hydrobromio acid is 
given off, yields monobromobilirubin, C*H*BrNO*, soluble in concentrated 
hydrochloric, hydrobroinic, and sulphuric acids. By prolong action of the bromine- 
vapoue, dibromo bilirubin, 0*H*Br'N0^ is formed, which dis^lves in alcohol 
with violet-colour, in glacial acetic acid and in strong sulphuric acid with purple colour. 

According to Maly, tribromobilirubin has the composition 
'fie prepares it by triturating bilirubin with ddoroform free from alcohol, and adding 
to the liquid a dilute solution of bromine in chloroform till a dark mass settles on the 
sides of the vessel. By decanting the chloroform, washing the remaining dark mass 
with hydrobromio acid, then dissolving it in alcohol, and precipitating with water, 
the bromine-compound is obtained in the form of a dark blue-green powder which 
dissolves in alcohol with deep- blue colour. Maly regards the composition of tri - 
bromobilirubin as a proof that the usually received formula of bilirubin, 
C**H^N*0*, should be douMed. He represents the formation of tribromobilirubin by 
the equation — 

+ Br« « SHBr + 


and finds that this equation is confirmed by the increase in weight of a known quantity 
of bilirubin when treated with bromine.* 

Tribromobilirubin is insolnble in water, but dissolves easily in alcohol and etJior; 
it likewise dissolves in alkalis, but is decomposed by the action of strong alkaLind 
liquids, and converted into blliverdin. Soduim-am^^am converts it into hydro- 
bilirubin. Hydrogen sulphide and ammonium sulphide change the blue colour of 
a solution of tribromobilirubin to green ; nitric ,actcl, aided by gentle heat, turns it to 
dark red, and afterwards to brown-yellow (Maly). 

CJklorobilirubin $, — Dry bilirubin is immediately bleached by di^ chlorine. A 
solution of bilirubin in chloroform, treated with chlorine at 16*, yields trichloro- 
bilirubin, at 100* tctrachloro-, and perhaps also pentachlorobilirubin 

(Thudichum, Jour, 1676, 389). 

Sromobiliverdin is obtained by the action of bromine-vapour ou biliverdin, as 
nUack powder insoluble in ether, slightly soluble in alcohol, easily soluble in so^- 
ley, from which it is precipitated by acetic edd. Its composition is 0*H*BrNO*, 
aceoi^ing to analyses by Thndiehum, who regai^ this result as a further confirmation 
of his view that bilirubin is converted into biliveedin in the manner represented bT 
the equation : — c . 

C»H*NO» + « C*H*NO* + CO*. 


^ The reduction of an alkaline solution of biliverdin by sodium-amalgam yields 
^m^nobilivordin, the alcoholic solution of which exhibits an absorption-spectrum 
dnEhraittfrom that of hydiobilirubin (Thudichum, Chem. 8oo. Jour, 1676, ii. 37). 

Bilifuscin, origindlv described by B^ucko (ls< Bu^l, 344), has been fisher 
aaaaiiined by A. Sin^ny ( iVtc)*. Acad. Her. [3 Abtfa.], Ixxin. 181 ). Bile fiom a corpse, 
alWr exhaustion with chloroform, was diluted with water and acidulated with acetic 
acid ; the separated mucus, which carried down with it the greater pert of the eolour- 
^ ing matter, was washed with water and then exhausted with alcohol; and the rasidue 
left after evaporation of tbo alcohol was well boiled with water to remove biliary 
k acids, then dissolved in a little alcohol, and precipitated with ether. 

Bilifuscin thus prej^ared does not give Gmelin's reaction.t It dissolves easily 
in alcohol, glacial acetic acid, and alkalis, wiGi brown colour verging on olive- 
|Mn ; sparingly in cliloroform ; but is insoluble in water, ether, and dilute adds. 
The alcoholic solution exhibits a uniform darkening of the violet and indigo-blae part 
•pf the epectrom. Bilifnecin, boated with zinc-dust, yields a distillate whmh fisdaens 
• deal snaring moistened with hydrochloric acid, and gives a brick-r^ precipitate 


. * These resnlts are ooatcBted far Thudtchiun, who likewise obfeole to the sUtsmeata of Maly sad 
«C Bejnstoi s* Oampbdl tespeettng the oxidatfom of bUlrabiti faj tacomlns-wetar, also to those of Maly 
«B t tt d wiu arohlp, and of Jaire on urohiUa i2nd JSmpfd. pp. 139, ISO). 

t ObaiMe of onloor Cram green to blue, rk>let,wed, and ftaaUy yeUow, ptofiuced on eddHiea «f 
nitric or oitcoiM acid <CnH>iin''« Handbook, Englleh Edition, xriil. 70 ). 
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with fuming nitric acid. BilifuBcin dots not reduce an i^moniacal solution of silver 
nitrate. Dissolved in glacial acetic acid and boiled with peroxide of lead, it yields a 
yellow substance soluble in chloroform. When bilifusqin is boiled with baryta-water, 
the liquid evaporated, the residue exhausted with glacial acetic and hydrochloric acids, 
and the resulting solution shaken up with chloroform, L colouring matter is obtained 
which exhibits an absorption-band in the spectrum between £ and F, but is different 
from urobilin. 

snXAJtY iLCX3>B« Cholic acid, H. Tappeiner {Veut, Chem. 

Get, Ber, vi. 1285) obtains ot hylic cholate, crystallised and exhibiting all the pro- 
perties described by Hoppe Seyler (J. pr, Ch^. Ixxxix. 272), by leaving an alcoholic 
solution of cholic acid, saturated with hydrochloric acid, at rest for three or four 
hours, then diluting it with water and adding sodium carbonate. A resinous mass 
(not yet examined) then separates on the surface, while the cholic ether separates in 
the crystalline form, and may easily be purified by recrystallisation from alcoho^ 

Cholic acid, oxidised with potassium chromate and sulphuric acid, yields, together 
with acetic acid, two woll-crystallisod acids, one , which is either palmitic or stearic 
»u;id, or a mixture of the two while the other is but slightly soluble in water; 
crystal I isos from alcohol in needles ; may be heated without alteration to 200® ; but 
molts with decomposition at a higher temperature (Tappeiner). 

Glycooholic acid . — For preparing this acid in the pure state, the fo|lowitig 
process is recommended by Q. Hiifner {J. pr. Chem. [2], x. 267). Fresh bile contained 
m a tall cylinder is covered with a layer of ether, and pure strong hydrochloric add 
is lulded in the proportion of 2 c.c. to every 50 c.c. of the bile; the crystalline pulp, 
which forms after some time, is left to drain on a filter, and the impure crystals of 
glycocbolic acid thus obtained are rcciystallised from hot water. 

When nitrous acid vapour is passed through a solution of glycocbolic acid in nitric 
add, an acid called chologly cocholic acid is formed, having the composition 
This acid may be separated by supersaturating the liquid with baryta, 
removing the excess of barytq- with carbonic acid, and treating the filtered solution 
with hydrochloric acid. It has not boon obtained in the crystalline state. When 
boiled with dilute hydrochloric acid, it yields glycocliolic acid (J. Lang, Bull. 8oc. 
Chim. [2], XXV. 180). 

Glycodyalysint — This compound is formed by heating cholic acid 

with glycocine in a sealed tube to 190P-200® for twelve to twenty-four hours, where- 
by a fused mass is obpiined which dissolves almost completely in nl>8olute alcohol. 
On adding water to this solution, a milky liquid is obtain^, which becomes clear in a 
few days, and when mixed with soda-ley yields glycodysly sin as an amorphous precipi- 
tate easily soluble in methyl alcohol, other, and chloroform. The same Bubstanco 
appears to bo tbnnod by heating glycocbolic acid to 190®^200®. It is a perfectly in- 
different body, and when boiled with alcoholic potash docs not yield either cholic or 
glycocbolic acid ; but when boiled for a long time with hydrochloric acid it yields 
glycocine (Lang, loc, dt.') ^ 

BXmrXTS. Crystals of this mineral from the Binnenthal exhibit the following 
forms. 

(1) .^ ooOqo .O.oo O. 

(2) . GO Ocfrtno O, of the ti'ue character of tin-stone. 

(3) . ooOao.aDO.O,202.30ji, 

(4) . ocOw . »0.202.§0|. 

(5) . ooOoo . oo/).0.202.606. 

(A. Schrkuf, JahrbuchfuT MiwralogUt 1874, p. 960.)* 

BlBMnmi. Occurrence . — Bismuth and several of its compounds have. lately 
been found in considerable quantities at Meyniac in the department of the Corrftxo, 
France (Carnot, Compt. rend. Ixxix. 302, 477) ; also* in the district of Colorado, U.S. 
(Burkart, JahrhvchJ-. Mineralcgie, 1874, 29) ; and in Utah (Burkart, ibid. 310). 

Native Bismuth occurs at irfeyraac in irregular, brittle, white, lamellated nodules, 
having a crystalline fracture, and becoming on exposure to the air : composition — 
BI. Pb. Fe. . Sb. As. 8. 

99 00 0-41 O-tO 015 0 09 0 06 = 99 81. 

Bismuth Carbonate, or Bismutite, is imported from Mexico (locality not exactly 
known )rin largo quantities, and in a tolerably pure state. It forms gfisyish- white, 
turbid, cTyataUine, or compact lumps, from the size of a pea to that of a hazel-nnt, 
frequently also pseudoinorphs after scheelito, not hitherto observed. These psendo- 
morphous crystals are either pyramidal or tabular ; the tabular crystals are commonly 
united in rosette-shaped or spherical groups, and indistinctly developed, whereas the * 
pyramidal crystals are fi>r the most part vqry well defined, with sluirp edges and even 
faces. The pyramid P and the dome 2P«o occur independently, the latter bebail^ the 
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more frequent. The most ordinary combiuatiens are 2Pflo , oP and P . oP. The 
tabular crystals exhibit the itces, oP, ^P, os well as aoP. 

This bismutitc gave by analysis — 

BiHi*. txi». S0\ H* 0 . Beridue. 

30-10 7*ft0 0-27 1*80 0*30 *=99 47 

(Frenzel, *7<iAr6ncA/. Mmeralogie, 1873, 785.) 

A basic hydrocarbonaie^ probably 2Bi*O*.Bi*0*(H*0.C0*), occurs at Meymac, 
generally surrounding native bismuth, and adhering to it. Bp. gr. 9*22. Opaque. 
Bemi- vitreous. Fracture conchbidal. Brittle. Easily pulrerised. Colour yellowish 
green, ^luble in hydrochloric acid with elTerveBConcc. Before the blowpipe on 
charcoal it easily yields a metallic button. It contains 96-70 per cent, of bismuth 
oxide, with small quantities of the oxides of the metals which accompany the native 
bismuth in the same locality, and 0*68 per cent, of carbonic acid (^Carnot), 

Bifniuth THsulpki^e or Bi*S*. occuro at Moymac in crystalline masses 

resemoling native antimony sulphide. Sp. gr. = 6*60 : composition — 

Bi. Ou. Fc. 8b. As. Osnifue. 

78*40 14*26 0-76 0-10 0 63 0*H6 3 JO 0*90-99 18 

The same mineral occurs in aoutliem Utah mixed with oxide and hydrocarbonate, 
the last two species being doubtless formed by the alteration of the sulphide (8illi> 
man, J. of Set. [3], vi. 126). 

Bi^tuthic Miapickft occurs at Meymac in crystalline masses, closely resembling 
tirdinary mispickel ; the white fracture sometimes becomes slightly red. Composition: 

I, a mass of crystalline texture ; 21, a fragment having crj'stalline laces. 

Wstor and 

Fo. in. Pb. (^o. 8b. Ah. H. Ganffuo. loss. 

I. 31 90 1 02 0 10 0-16 1*70 40*16 16 34 6*10 1 93-100 

II. 28*71 6-68 0*10 1-07 1-60 30-30 14*60 6-70 2-44«o|00 

Cobalt may easily bo detected by the blowpipe. In bulk, the mineral yielded 
8 grams of silver i>er 100 kiljs, ntid a quantity of gold too small for estimation. It 
may l>o regarded as a mixture of bismuthie mispickul having sumo of the iren re- 
pLaCi^d by bismuth and otjlmlc, with true mispiekid. 

7\iluric .Specimens of this iiiiiioral wore lately sent to the Jioyal 

Mineral Cabinet of Froiborg, from Omwicwi in the Banat, where it occurs in laminar 
or granuludaminar groups, imbedded in calrs]>ar, and nccom]NinicHl by zinc-blende and 
a metiillic stool-grey minomi, probably fahl-ore. It exhibits a strong motulHc lustre 
on the very perfect basic clmvngt'-faco. 

Its chemical composition (a0»r deduction of an insoluble silicate) was found to be 
66*23 p.c. Bi., 26'92 Te, and 4*20 8, agreeing with that of the telluric bismuth of 
8chul)k«u, near Sclicmnitr,. 

The bismuth and tollurium were soparate<i by precipitating them as sulphides, and 
treating the precipitate with hydrogen sulphide, which dissolves only the tellurium. 
The sepjvration cannot well bo oflected by precipitating the bismuth as basic chloridSf 
inasmuch ns the preci pittite always carries tellur im down with it, neither can it be 
effected by precipitating the tellurium with sulphurous acid, since a small i^antlty 
of bismuth is always thrown dowm at the same time (Frensel, Jahrb. f Min, 1874, 
786). 

Preparation of pure Bismuth, — 1. To obtain Bismuth free from arsenic 
and sulphur. The metal if heated considerably above its melting point in a vessel 
which exposes a Largo surface the air, that about a fourth of it may Ix) oxidised, 
the oxide being thrown to the sides of the vessel as fast as it is formed. The mass 
when Cold is pulverised, mixed with charcoal, dried soap, and potassium carbonaio 
free from sulphate (about a fon^h of the weight of the original m^l); and the mix- 
ture is introduced into a crucible of which it fills al>out five-sixths, then covered 
witli charcoal, and heated to redness for an hour. The metal thus obtained contiuns 
potassium, becomes moist when exposed to the air, and when thrown into water, 
espcciBlly hot water, eliminates a large quantity of hydrogen. To free it firom this 
impurity it is once more fused in contact with f^e air, whereby the potassium is erm- 
verted into oxide, which separates as a white film on the surface of the molten bismuth 
(MChu, Pharm, J. Trans. [3], iv. 341). 

2. Separation of Iron . — Bismuth absolutely free from iron may be prepaid! with- 
out loss by fusing the ordinary metal under a layer of potassium chlorate mixed with 
2 to 6 per cent, of sodium carbonate (H. Tiirach, J, pr. Chem, [^, xiv. 309). 

The separation of bismuth and iron in the^ wet way is best efif^ted by precipitatfon 
-with oxalic acid, whmfa throws down from slightly acid solutions a white ciystaUiDe 
precipitate of bismuta oxalate, which is perfectly free from iron, j^rovided it is Hot 
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left too long in contact with the liquid or digeeted on the water-bath. The oxalate ie 
resolved bj ignition into carbon dioxide and metallic bismuth (Tiirach). 

3. Sejka/Foium of Silver, — Small quantities of silver cannot be removed from bismuth 
by preci^tation with hydrochloric acid. The only wa^ of effecting the separation is 
to oxidise the bismuth and leave the silver in the metallic state (Tiirach). 

4. Separation of Lead, — According to A. Vogel Rep, PJMrm* xxii. 474) this 
aeration is best effected by precipitating the lead with excess of sulphuric acid. 
The whole is then evaporated to dryness, the residue drenched with sulphuric acid, 
and after the action of this acid has gone on for several hours, the liquid is diluted 
with water and filtered, and the residue is washed with sulphuric acid. 

Volumetric Estimation, — Buisson a. Ferray {Moniteur sdentifique [3], iii. 
900), describe a method founded on the complete precipitability of bismuth in acetic 
acid solution by iodic acid, as neutral bismuth iodate, Bi(lO*)*. Basic bismuth 
nitrate (the compound to which th^ method is most frequently applied) is first dis- 
solved in a few drops of nitric acid ; the solution is carefully mlut^ with watcSr and 
mixed with sodium carbonate till a slight permanent precipitate is formed ; this pre- 
cipitate is dissolved in excess of acetic acid ; the solution is mixed with excess of a 
titrated solution of iodic acid (80 grams of crystallised iodic acid to 1 litre of water) ; 
and the whole, after dilution to 260 c.c. and ^sk agitation, is filtered through a diy 
filter. The excess of iodic acid is then estimated in 100 c.c. of the clear filtrate, by 
liberating the iodine with dilute sulphuric acid and solution of potassium iodifie, and 
titrating with sodium thiosulphate. The difference between the quantity of iodic 
acid actually added, and that which remains unaltered after the precipitation, gives 
the quantity of bismuth iodate produced, whence also the amount of bismuth may be 
efisily calculated. Oxychloride of bismuth, being insoluble in acetic acid, cannot be 
determined in this manner : hence also the reagents employed in the process above 
described must be free from chlorine. If the basic nitrate of bismuth is adulterated 
with lead and barium salts, these must first be removed by a sulphate. Tin and anti- 
mony compounds are eliminated in the previous treatment with nitric acid. 

Muir (CAsm. Soo, Jonr. 1076, i. 483 ; 1877, ii. 674; 1878, i. 70) has given four 
methods for the volumetric ostimation of bismuth : 

(1) . A nearly neutral solution of bismuth nitrate is precipitated by pofaseium 
chromate or dichromate^ and the critical point* is ascertained by testing the clear 
solution from time to time with silver pitrate till red silver chromate is produced, the 
strength of the chromium solution having been previously determined by meiins of a 
bismuth-solution of known strength. Chlorine, sulphuric acid, calcium, copper, and 
arsenic interfere seriously with the results of this method, and must therefore be 
romuvod before the titration is commenced. 

The second and third processes are based on the fact observed by Chancel, that 
bismuth is precipitated in the form of phosphate by adding a HoXuWe phosphate to a 
solution of the metal in nitric acid. 

(2) . The bismuth is thrown down from a nitric acid solution, after partial nontnil- 
isation with ammouia, by addition of stfiodard solution of sodium phosphate, the final 
point of the reaction being ascertained by spotting the supernatant liquid on a slab 
with a warm solution of ammonium molybdate. Tlio results are approximately 
accurate. 

(3) . The nlfl’ic acid solurion of bismuth Is mixed with excess of sodium acetate ; 
a measured volume-excess of standardised sodium phosphate is added ; the liquid is 
boiled and filtered ; the precipitate is washed with hot water ; and the excess of 
phosphorlp acid is<letermined in the filtrate with a standard solution of uranium ace- 
late. Tbls method gives very exact results,* and is mtfch to be preferred to either of 
the two previously described, 

(4) . This method is based on the fact observed by Souchay a. Lonsson, that normal 
bismuth oxalate, when boiled with water, splits up into oxalic acid and a basic 
oxalate, Bi*0».2C*0* + H*0 (iv, 263). An excess of saturated solution of oxalic acid 
is added to the bismuth solution, the precipitate allowed to settle, the supernatant 
liquid poured oflT, and the precipitate tailed with water until free from acid. The 
residue is now dissolved in dilute hydrochloric acid and titrated with permanganate. 
The absence of free hydrochloric acid must be ensured before precipitating. The 
rei^ts are accurate, and the method is generally applicable. 

(Muir, Chem, Soc, J, 1876, i. 144). The tribromide, BLBr*, is most 
easily pnpared by allowing bromine to fiow, in successive small quantities, on 
powdered biamuth contained in a retort with the beak tilted upwards. Much heat is 
evolved during the reaction : when the mass has become cold, a very low flame is 
placed at a considerable distance beneath the retort; the heat is maintained and 
gradually increased during several days, when large, flat, brilliant, golden-yellow 
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ei^'stuls form in the upper part of the retort^at a dietanoe of an inch or 00 above 
the heated mass. The same aomnound is&urmed bj passing carbon dioxide, Kiturated 
with bromine vapour, over heated bismuth ; but the process above described yields it 
in greater quantity and with leee expenditure of bromine. Bismuth tribromide melts 
at 210®-216®. 

Bismuth tribromide, gently heated in a current of hydrogm^ melts to a dark reil 
liquid, which partially sublimes on the colder part of the tube in yellow crystals, and 
is partly reduced to metallic bismuth. 

The tri bromide is instantly decomposed by water, yielding the oxybromide, 
BiOBr, in the form of a white loose amorphous iMwder, insoluble io water, unaltered 
at a red heat, converted into the tribromide by neating with charcoal in a stream of 
dry chlorine. 

Dibromidcy Bi*Br^, — In the preparation of the tribromide, dark grey crystalline 
scales are generally produced, mixea with the yellov* crystals. When separated fSfom 
the laAer as completely as possible, they give 1*y analysis 44*37 per cent, bromine, 
the formula of the dibroniide requiring 43*24. By continued heating, these dark 
grey crystals are gradually resolved into the tribromide and metallic bismuth, the 
decomposition taking place at a temperature much lower than that of the correspond- 
ing diwloride (Muir). Macivor {Chem. Acirs. xxx. 100), by heating finely-powdered 
bismuth with bromine, obtained a dark grey solid (probably also the dibromidi^, 
melting &t 198^-200^ to a dark red liquid, ai^ boiling at a heat below redness. It 
is described as insoluble in carbon sulphide, alcohol, and ether, dissolved by hydro- 
chloric acid, decompose*.! by nitric acid, also by water with formation of an oxybromide. 

Ammonio^hroviidee, — These compounds arc formed by the action of ammonia 
gas on the tribromide and oxybromides of bismuth (Muir, Chem, Soe. J, 187fif i. 147 ; 
1877. i. 27). 

(a.) Bismuth tribromide heated in a stream of dry ammonia gas Yields chiefly 
throe products: 11.) BiBr*.3Nli*, in the form of a volatile, straw-yellow powder, 
soluble in hydrocnloric acid, and forming a solution, which, when evaporated over 
sulphuric acid, d^oaits light pellow, deliquescent, tabular crystals of the compound 
BiBr*.3NH<Cl + H’O, which is immediately decomposed by water. (2.) An olive-green 
solid mass, difiSicult to sepiral.) from the sides of the tube, deliquescent, and decom- 
posed by water. Its composition has'not been exactly osc^rtaineti, on account of the 
difficulty of obtaining it pure, but is most probably represented by the fbrmula 
BiBr*,2NH*. Its hydrochloric acid solution yields by slow evaporation crystals 
having the composition BiBr*.2NH*CI •i- 3fIH), analogous to that of the ciouble 
chloride, BiCl*.2NH^Cl, described by D^h^rain, and io that of the double bromide, 
BiBr».2NH*Br + 5HK), described by Niklis (U^ fhijppl, 347). (3.) An ash-grey, 
eiystalliae, infusible, and non-volatile substance, not decomposed by water or alkalis, 
but giving otT ammonia when heated ^th soda-lime. The quantity obtained was too 
small for an exact determination of its composition, but it appears to agree most 
nearly with the formula, BiN^r. 

|[6.) Another ammonio-broraide, 2BiBr*.6Nri*, is formed when the oxybromide, 
Bi*Br*0**, is heated to dull redness in a stream of dry ammonia gas, and condenses in 
the colder part of the tube io the form of a greyisli-greon powder, while n^^tallio 
bismuth remains in the form of semi-fused globules. The same oxybr^ide is ob- 
tained, though in smaller quantity, by the action of ammonia gas on neated bis- 
ffluthyl bromide, BiOBr. It is non-aeliquescent, and is not decomposed by water, 
dissolves readily in dilute acids, and is d^mposed by nitric acid with evolution of 
bromine. When heated it off fumes of bismuth tribromide^ and ia almost 

wholly volatilised, leaving only admail real lue, apparently consisting of thsblkybro- 
mide, Bi^BifO**. Its solution in hydrochloric acid evaporated over satohurio acid 
deposits large, pale yellow, tabular crystals of the salt, 2Bi'Br^.6NHKfi -f HH), analogous 
to the double cfiloridc, 2Bi01.fiNHH^l, described by Dih^rain (Isf Suppl, 847). This 
bromochloride is imm^iately decomposed by water, yielding a milky uquid, probably 
containing both oxychloride and oxybromide of bismuth. 

Oxff bromides . — The compound, 3Bi*0*.2BSBr*, is formed: (I.) Asa 

secondaiy product in the preparation of the tribromide by heating bismuth with 
bromine ID contact with air, a^ remains after the volatilisation of the tnl>romide in 
the form of a greyish-yellow non-volatile powder. (2.) By the action of gaseous nitro- 

f en trioxide (obtained by heating starch with nitric acid) on fused bismuth trih^mide. 

i is insoluble in water, but dissolves easily in strong nitric and hydrochloric acid, lass 
easily in dilute nitric acid. It is not altered by conts^ with the air. When heatol 
with charcoal, it is reduced, with formation of tribromide. Heated to low redness In 
• stream of hydrogen, it becomes reddish-brown, and finally black, a bismuth com- 
pound being at the same time mechnnically carritsd forward by Uie stream of gas: 
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the final product of the action 10 meti^lic bismuth (Muir, Chem, Soc. J. 1876, ii. 12 ; 
1877, ii. 137). • 

Another ozybromide, 7Bi0Br.2Bi*0*, perhaps himmthyl oxybromidc^ 

(BiO)"Br’0^ is formed by gently heating dry bismhth triozide for several hours 
with excess of bromine. It is a cream-coloured, amorphous, non-deliquescont powder, 
not altered by exposure to the air. When heated it becomes slightly darker, but 
does not decompose, and the original colour is restored on cooling. The compound 
is insoluble in water, whether hot or cold ; it dissolves easily in hydrochloric and nitric 
acids, the latter if concentrated giving rise to disengagement of bromine (Muir, ibid. 
1877, i. 26). 

Z. Bismutkyl bromide, BiOBr, appears to be formed by heating the triozide with 
the tribromido (Muir), 

ClilorldeBa The trichloride, BiCl*, is easily prepared by passing dry chlorine 
into a retort containing powdered bismuth ; the retort is tilted upwards, and the tube 
which conducts the chlorine is connected with the beak of the wtort. In oAler to 
avoid the introduction of moisture from the air, a tube passes through a tightly 
fitting cork in the tubulus of the retort into a d^ng cylinder containing strong sul- 
phuric acid, from whence the ozeess of chlorine is conducted to the draught-chamber. 
The chlorine and bismuth unite readily, forming in the first instance a black fusible 
substance, consisting of the dichloride, but this, after awhile, gives place 

to a clear, light ambcr-yollow liquid which, on long-continued but gentle heating, is 
rosolveil into metallic bismuth and the trichloride, the latter subliming in crystals 
which molt at 226°— 230®. The trichloride, gently heated in a stream of hydrogen, is 
reduced to the black diclilorido, which however at a higher temperature, is do- 
coinposed as above into BL and BiCl*. It does not appear possible to obtain a chloride 
of bismuth higher thart the trichloride (Muir, Chem. Soc. J. 1876, i. 144). 

Oxychlorides. — The only oxychloride of bismuth hitherto known is bismuthyl 
chloride, BiOCl, formed by the action of water on the trichloride, or by pouring 
bismuth nitrate into a solution of common salt (i. 691). {Ckem. Soc. Jour. 1877, 

ii. 134) has obtained another: (1). On gently heating the trichloride between two 
watch-glasses, one portion of that compound sublimes in crystals, while the remainder 
is converted by oxidation into a redaish-yellow, highly crystalline, heavy powder, 
which may bo freed from iindecomposed trichlorfdo by washing with water, the liglit 
bismuthyl chloride thorel»y produced ^belng easily separated by lovigation. (2.) By 
the action of nitrogeu trioxido on fused bismuth trichloride. The oxychloride pre- 
pareil by oitlier of those processes gives, as a moan result of analysis, 81-86 per cent, 
bismuth, 13'63 chlorine, aii<l (by difference) 4-61 oxygen, a result which agrees equally 
well with oitluT of the formulas Bi*Cl*0-=* Bi(BiO)'''Cl*, or, Bi^CMO* === 

This oxychloride of bismuth is permanent in the air, insoluble in water, and not 
decomposed thereby. It dissolves in hot hydrochloric or nitric acid, less readily in 
hot sulphuric acid. When boiled with caustic soda, it slowly gives up its chlorine, 
and is converted into trioxido. It is not changed by heating over a Bunsen lamp, but 
at an incipient white heat it gives offSvhito fumes, and melts to a yellowish pasty 
mass containing a considerable qy^ntity of chlorine, and apparently consisting of 
undccomposcd oxychloride. By gentle heating in dry hydrogen it is gradually reduced 
to mowllic bismuth. 

The nctioTi^of chlorine on hot bismuth tHoxide produces nothing but the trichloride. 

On Ferricyauides of Bismuth, see Ctanidks. 

Oxides and Kydrntes (Muir, Chem. Soc. Jour. 1876, i. 149 ; 1877, i. 2.9, 647 ; 
ii. 128). The following hydrates of bismuth are known ; — 

\\). Bi^O».31UO (2). Bi*0».2n*0 ( 3 ). BiWH^O 

DL^uthons Trlhydrato. Bisnuithoua Diliydrote. Bismuthona Monohydrate. 

(4). Bi=0'.2lU0 (6). Bi*OMUO , (6). Bi*0*H*0 

Hypithlsinuthlc Hypobismnthic Blsxnuthlc 

lUhydnite. Mouohydmto. Hydrate. 

Begarding bismuth as quinquivalent, these six hydrates may bo represented by the 
foUowipg constitutional forinulie, which exhibit their formation one from the other by 
successive substitution of O for Oil ^ — 
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The hydrates 4 and 6 are obtained from 1, 2, o% 3 by thoaetion of oxidisins agents ; 
6 is produced from the other# by the action of veiy energetic ozidiserfs and is easily 
reconverted into 1, 2, or 3. The three bismuthous hydrates may also represented 
as compounds of trivalent bismbth, thus : — 

(1). BhOH)* (2). 0 <|igH); ( 3 J. o=Bi(OH): 

and bismuthic hydrate may be represented by the simpler ^rmula, BiHO*-iBiO’*(OH), 
analogue to that of nitric acid. 

Bismuthic hydrate is prepared by the action of chlorine on the trioxide sus- 
pended in a solution of caustic potash (t. 6D4). It is, however, very apt to relaiii 
}H>ta6h ; and to obtain a pure piquet it is necessary to use very strong potash, con- 
tinue the passage of the chlorine till the whole of the trioxirle is converted into a 
dense chocolate-red powder, subject this powder to prolonged washing with Iwiling 
water, then warm it gently with Jitrong nitric acid f<jr a few seconds only, ami linnily 
wash wway the acid with water. 

Bismuthic hydrate, heated to 1 20*^, gives oif water and loaves the pentoxide, Bi®0\ 
^ This oxide l>cgins to give off oxygon at is reduced to tetruxide, Bi-0\ ut 225®, 

and to trioxide, at a somewhat higher temperature. 

Bismuthic hydrate dissolves easily in strong hydrochloric acid, witli evolutien of 
chlorine; in strung sulphuric acid only after prolonged digestion. Each of those 
solution.? gives with caustic potash a ptUe vellowish-whito flocculont precipitate, that 
from the hydrochloric acid solution consmting of Bi®0*.2H*0, and that from ilie 
sulphuric acid solution of BiK)*.lI®0. 

The hydrogen in bismuthic hydrate is not replaceable by metals ; in other words, 
there are no salts of bismuth analogous to the nitrates or metaphosphates. Arppe, 
indee<l, described an acid bismuthato of potassium, Bi®KI{0®t said 1 a> ho obtainoii hy 
boiling bismuthic hydrate with pitash (i. 605). Muir, however, finds that not a 
trace of bismuth is taken up in this process, the solution containing nothing but 
potassium hydrate mixed with carlionate. Neither can an ammonium bi.smnthate be 
obtained by similar treatment, nor a potassium bismutlitito hy fusing either of the 
oxides or the metal itself with p tash. 

>BiO(OH) 

Ifffpobismnihic //wdre/ss. The Bi*0*.U®0 or 0^ I ,is 

obtained by the action of < hloritie on bismuthtus oxide suspndod in a solution of 
caustic potash somewhat weaker *han that roquirod for the prcijaration of bismuthic 
hydrate, the p>a8sago of the gas being stopped as soon as t hi > oxide is transformed 
into a chocolat<‘-lirown p>wder. On wanhiiig thin p>wdLT till it is free from alkali, 
and boiling it for a few minutes with a little strong nitric acid, a reddish -yellow sub- 
stance is obtained, which, whan washed free from acid and drioii over sulphuric acid, 
presents the appearance of a brownish-yellow amorphous powder. 

This substance is hypibismuihic hydrate. It remains unaltered ut 100", giv^ off 
3*73 per cent, water at 130° ; 4-26 per cent. (vi all) at 160° ; becomes dark brown 
without further loss of water at 190°; ^egins to decompose at about 260° ; and when 
heated over a lamp, quickly bocoiriAS light yellov., inaicating the conversion of the 
bismuthoso-bismuthic oxide into bismuthous oxide. vi 

Hypobismiithic hydrate is insoluble iu water, whether hot or ceUl ; dissolves 
readily in hydrochloric acid w'ith evolution of chlorine ; very slowlv in strong nitric 
acid. It does not form a potassium salt when boileil with potash (Muir). 

HypobUmufhic Dthydrate^ Bi®0*.2H®0, is formed, according to Schrader {Lwhiy't 
Annt&t, exxi. 201), by passing ^hlorine into caustic potash-solution*of sp. gg, 1*385, 
in which bismuthous oxids is suspended, and boiling the rod or brown ilubstanco 
thereby obtained with strung nitric acid. It gives off its water at 160°, and becomes 
light-brown, but is reconverted into the original hydrate by boiling in the dry state 
witJi nitric acid. 

Bi=0 

ffvpobismutkous Oxide, OT Biamiti h Dioxide^ JMH}* I , — This oxide 

Birr^O 

is formed by the action of the air on metallic bismuth, heater] a few degrees abrm its 
melting point, and by tbe action of various reducing agents on bismuthous salts. 
Schneider prepared it by dissolving Bi*0* and SnCl* in equivalent proportions in 
hydrochloric acid, pouring the solution into rather strong aqueous potash, and^ashing 
the resulting black-brown jweeipitate of SoQ® and Bi*0* with strong potash, wbjeh 
removes the stannic oxide (1st Sttppi. 348). Muir recommends that the washing 
with potash be conducterl in a stoppered fiask nearly filled with the liquid, and ^ the 
resulting oxide dried in a vacuum over sulphuric aciiL As thus prepare^ it is a 
black, Don-metallie, finely ciystalline powder. Schneider states timt it is very aasUy 
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ozidisable, buming ia tho m like ti|ider. Muir, on the other hand fin^ that it 
oxidiees slowly in the air when moist, passing into bismifthons dihydrate, Bi*0*.2H®0, 
but that when dried it remains perfootly unaltered in the air for a considerable time. 
Heated in the air to 180® it changes colour very slbwly, but when heated over a 
Bunsen dame it is at once converted into the yellow tfiozide. It is easily reduced to 
metal by heating on charcoal in the inner blow-pipe dame, or in hydrogen or carbon 
monoxide ; heated in carbon dioxide, on the other hand, it undergoes slow oxidation. 
A boiling concentrated solution of potash decomposes hypobismuthous oxide, separat- 
ing metallic bismuth. Hot dilute hydrochloric acid dissolves it partially, also leaving 
metallic bismuth. Dilute sulphuric acid acts similarly, but dissolves a much smaller 
quantity of the oxide. Dilute nitric acid dissolves it readily. 

On OXY-8A&T8 07 B18MVTK (Chromates, Stannates, Thiosulphates), see 
the several Acins. 

BZ8]mrTRXBZT13. Natiwe bismuth trisulphido (p. 327). o 

BZ81IZirTZTB« KativH bismuth carbonate (p. 326). 

BZVBBT, This compound ia formed by beating 

amidudicyaoic acid with u mixture of 1 pt. strong sulphuric acid and 2 pts. water for 
some hours to 60®-70® : — 

00<^^>0NH + mo = NH(CONH’)’. 

A mixture of equal parts of water and strong nitric acid produces the same effect ; 
strong hydrochloric acid nets but slowly (E. Baumann, Chem, Ges. Her. viii. 

708). « 

Silver-compounds , — When 2mo1s. of silver nitrate are added to a saturated aqueous 
solution of 1 mol. of biuret, and then gradually ammonia or dilute soda, a white pre- 
cipitate is formed, which soon blackens on exposure to light, and has the composition 
.C'*H*Ag*N*0*. It is readilyrsolublo in nitric acid and ammonia, and sparingly in 
soda. By decomposing it with hydrogen sulphide in presence of water, biuret is re- 
produced, and on heating tho dry compound in tho absence of air to 270®-280®, water 
and a little carbon dioxide and ammonia aregive\i off, and a mixture of silver cyanide 
and paracyanide is left behind. These results are in contradiction to Finckh^s state- 
ment iXst Suppl, 350), according to which the a1x)ve reaction gives rise to a precipitate 
having the comiiosition of silver eyanurate, while the solution contains urea. Finckh 
probably used an impure biuret containing urea (Bonn5 a. Goldenberg, DeuL Chem. 
Qcs, Ber. vii. 287). 

l}ripTfypyl-h\uret^ is formed, together with propylene, on dis- 

tilling a mixture of propylsulphat^ and cyanato of potassium. The propylene goes 
off as gas, and a yellowish solid distillate is obtained, which, after crystallisation 
from alcohol, has the composition of tripropy 1-biuret (Kdmer, Dent, Chem* Qes* Ber. 
vi. 784). 

BZZKZBTa When an alcoholic extract of annatto is treated with sodium carbonate, 
a 8odi»|Ta-com pound of bixin is formed, ciystallising in leaflete having a coppery 
lustre ; and fr^m this salt, the colour ing-m*it ter may be obtained in the cryst^line 
form (0. Etti, l)mi. Chem, Ges. Ber. vii. 446). 

BBaBOBZBB BOWBBB. The constitution of this substance has lately been 
made the subject pf numerous inve.stigations. Q-opner («/. pr. Chrm. [2], vii. 441) has 
.endeavoured to revive the old view that bleaching powder is a direct compound of 
chlorine with lime, CaO.Cl’*, on tho ground that when distilled with aqueous acids, or 
exposed to the action »>f carlxm dioxide, it gives off only chlorine unmixed with 
chlorine monoxide : — 

CnOCP + SO*H« - SO<Ca -i- H-O + Cl* 

CaOCl* + CO* « CO»Ca + Cl*. 

Tho constant presence of calcium chloride in bleaching powder is attributed by Gopner 
to the action of hydrochloric acid and carbon dioxide mixed with the chlorine gas, 
the carbon dioxide 6rst producing calcium carbonate, which is then decomposed by the 
chlorine according to the equation ; — 

‘ CaCO* + 4a - a*0 + Caa* + CO* 

The same view of the constitution of blenching powder is advocated by Bichter a. 
Junker {Dingl, pel, J, ccx. 21 ; ccxii. 339). 

Schorlcmmer, on the other band, remarks {Deut, Chem. Gee. Ber, vi. 1609; Chem. 
Soc, Jcitr. [2], xii. 836) that hypochlorons acid is very easily obtained by distilling 
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blM4!liing powder with the^ reqnitttB queatitj mf nitric held, a ooloarieu distillate 
being thereby produced, whi^ bleaches much more strongly than recently prepared 
cblonne-water, and when shaken up with mereu^ yields a considerable quanttty of 
brown mercuric o^chloride (DiasAn's Handbook, ti. 60). The fact when 
bleaching powder is exhau8tear«with sucoassiye small quantities of water, the last 
extmcts still oontain calcium and chlorine in the proportions required by the formula, 
CaOCl*, merely shows that the product of the action of chlorine on lime is not a 
mixture of calcium chloride and hypochlorite, (OaCl* + OaCl'O*), but a compound con- 
stituted according to the fbrmula, ^|qqp as first suggested by Odling. 

In the preparation of aqueous hypocUorous acid by the action of chlorine on water 
containing calcium carbonate in suspension, the compound just mentioned is first 
formed and then decomposed according to the equation ; — 

• ®“|oCl " CaCl* ’+ C1*0. 

See further Oopner {DetU. Chem, Ge$, Ber, yii. 270 ; Sehorlemmer, ibid. 682). 

This view of the constitution of bleaching powder is corroborated by the recent 
experiments of Kingsett and of Kopfer. Kingsett {Chem. 8oo. Jour, [2], xiii. 404) 
finds that bleaching powder when treated with water is gradually resolved into 
chloride and hypochlorite of calcium, the latter of which may be separated in the 
crystalline form by exposing the filtered solution to a freesing mixture, or bv evap- 
orating it in a vacuum over oil of vitriol. A dense frozen crystalline mass is then 
obtained, and on leaving this mass to thaw upon a filter, a solution of calcium chloride 
mixed with hypochlorite paeses through, and feathery crystals remain on the filter, 
very unstable but consisting, when recently prepared, of h^arated calcium hypo- 
chlorite, CaCl*0^ 4- 4H*0. These crystals smell of hypochlorous acid, and are decom- 
posed by acids, with evolution of chlorine. These results show that the bleaching 
powder contains either ready-formed calcium hypochlorite mixed with chloride, or a 
compound, CaCl(OCl), from which the hypochlorite may bo formed by the action of 
water — 

*^“loci •' 

If, however, it consisted of a mixture of the two salts in the proportion indicated by 
this formul^ it ought to yield to alcohol a quantity of calcium chloride equivalent to 
half the total quantity of calcium or of chlorine contained in it, which is not the case : 
hence it must be supposed to have the constitution represented by Odlin^s formula. 

Kopfer {Chem. Boc. Jour, [2], xiii. 71^ has studied the decomposition of bleaeh- 
ing powder by the action of dilute acids. Tho bleaching pc^wder was prepared by tha 

action of chlorine on slaked lime obtained by calcinalion of pure carbonate or nitrate 

of calcium, and wae found to have the following composition ; — 

21*46 ^or Caj^Qj 88*12 

17*69 CaCl* 1*06 e 

47*52 Cn<OH)' 47*52 

1.V33 CaO 18-38 

lOOOO ^ 100-00 

Now, on treating this powdef, either in the dry htat4* or in solurion, with^k dilute 
mineral acid, as nitric, hyJrochloric, oreulphuric acid, in quantity such as to saturate 
the caustic lime, and decompose tho hypochlorite which may be supposed to be 
present, an aqueous solution of oblorine monoxide is obtained, almost pure and quite 
free from the smell of chlorine, the quantity of Cl^O thus formed, amounting, in the 
moet lEavourable case, to about 92 per cent, of that which corresponds with the hypo- 
thetical bypoehlorite. That the solution thus obtained really contains chlorine mon- 
oxide is niraer shown by shaking it up in the cold with a large exeeu of msrcuiy, 
whereby the brown oxychloride of mercury is abdbdantly produced. 

These results therefore agree with those of Kingsett in showing that bleaching 
powder contains either a mixture of ealciam chloride and hypocblorite, or the compound 
CaCl(OCl). Both views enlain equally well the production of hyp^blorofik acid, 
and both account in a sarismeto^ manner for the formation of bleaching powder by 
the action of chlorine upon calcium hydroxide. One atom of chlorine first replaces 
the group OH, which combines in the nascent state with the hydrogen atom of another 
hydroxyl to form water, whilst the second atom of chlorine goes into ths place of the 
hydrogen atom thus removed. • 


Calcium hypochlorite 

Calcium chloride 
Oolcium hydrate 
Calcium oxide . 
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Further, both views ac&ount for^the nou-productiou of bleaching powder firom 
anhydroTu lime, whilst it is difficult to explain this fa% if bleaching powder is sup- 
pose to contain a compound of chlorine ana calcium ^ide. See also Welters (c/l pr. 
Chem. [2], x. 128 ; Dingl, peZ. J. eexiv. 140; Chem, A>o. Jour, 1870, 236, 433). 

Accoraing to Stahlscbmidt, bleaching powder conaiste of oaldum hgdroxgckloridet 

Ca I QQj^, ».c. calcium hydroxide, Ca(OH)*, in which 1 at. hydrogen is replaced by 
chlorine, its formation being represented by the equation : — 

3Ca(OH)* + 4C1 « 2Ca{OH)(001) + OaCl* + 2H*0, 
and its decomposition by water by the equation : — 

2Ca(OH)(OCl) « Ca{OH)* + Ca(OCl)> 

{Deui, Chem, Ges. Ber, 1873, 869 ; Dingl. pol. J. ccxxi. 243, 333 ; Ohrm. 8oo. Jour, 
1876, ii. 604; 1877, i. 279). 

Manufacture, — From numerous and careful experiments by O. Opl {Dingl, pol, J, 
eexv. 232, 325), the following conditions appear to be essential to the preparation of 
good bleaching powder. The chlorine must he free from hydrochloric acid and 
carbonic acid, and must he passed into the chambers at the lowest possible tempera- 
ture. The calcium hydrate must be pure, not containing carbonate, and should be 
used with as much free water as can be added without interfenng with the sul sequent 
operation of sifting. The chambers must be kept as cool as possible during the 
absorption, the temperature not being allowed to rise above 26® C. ; they should be 
so arrang^ as to admit of easy cleansing. The powder when taken out of the 
chambers should bo well mixed in shallow wooden boxes with lids, and should not be 
packed for transport till it has cooled down to the temperature of the air, or at least 
to 21®. If bleaching powder is immediately packed in casks on hot summer days, it 
invariably decomposes, and sometimes so rapidly as to beeeme worthless in a few 
hours. 

Alteration by Keeping , — J. Pattinsoii {Cketn, Newe^ xxix. 143 ; Jahreab, 1873, 243) 
has made a series of observations on the proportion in which weak and strong bleaching 
powder give off their active chlorine (that which may be supposed to exist as hypo- 
chlorite). Fqual weights of different samples of bleaching powder were kept in loosely 
corked bottles protected from direct sunshine, and the quantities of active chlorine in 
them were determined from time to time by moans of arsenious acid (i. 904). The 
results showed that the loss of active chlorine is greater in summer than in winter, 
and that strong bleaching powder does not give off relatively more chlorine than the 
weaker varieties. 

BXi001>. Constituents , — According to C. Bernard {Arch, Pharm, [3], iii. 678), 
blood contains sugar as a normal constituent, independent of the kind of food taken ; 
in the blood of diseased animals, on the other hahd, sugar is absent. The formation 
of the sugar takes place in the liver. 

— The following analyses of the ash of blood have been made by A. Jnrisch 
{Chim. Centr. 1877, 7). 



, Man 

Horse 

Ox 

Dog 

Norxnnl 

r_ 

8-61 

11*44 

28G3 

2‘2-9*2 

•2606 

1*24 

0 62 
7*03 

In l^euRionia 

Normal 

in Fever 

so* 

Cl 

K*0 

Nii“0 

CaO 

MgO 

Fe’O* 

8*82 

7*11 

30*74 

26*55 

24*11 

0-90 

0*63 

8*16 

^*38 

6 31 
28*63 
29*48 
21-16 
108 
0-60 
, 9-52 

CO* 1*30 

o »b 6 b 6 j w 

12*74 

4*13 

32 47 
.-I 96 
43*40 
1-29 
0*68 
8*64 1 

1*2*73 

3*76 

33*32 

3*11 

44 69 
1*14 
0*40 
8*36 


/wi^- — The quantities of iron in the fibrin, blood-corpuscles, and albumin from 
the blood of a half-fat cow have been determined by Boussingault {Arch. Pharm, [3], 
iii. 526) 100 parts of the dried substances contained : — 


Fibrin 
Ccnrpiifleles 
Albumin . 


Ash. 

2*151 

1*325 

8*715 


l^fetaUic Iron. 
0-0466 
0*3500 
0*0863 
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100 parts of blood-pigment were found tu c<wttaiQ ^ 

Oiganio matter Fe*0** CaO 

89‘2d 9*^ 1*45 0*32 « 100 06 

In dogs, according to Picarc^CCbmp^ rtnd. Ixxix. 1266), the amount of iron in the 
blood is somewhat rariable, and proportional to the quantity of oxygen which the 
blood is capable of absorbing. 

According to Poquelin a. Jolly (Compt. retui, Ixxviii. 1579), the iron in blood is 
in the form of ferrous, not of ferric phosphate as commonly supposed. 

Blood-pigment may prepared in the pure state as follows: — Defibrinated 
blood is diluted with water till the corpuscles are disintegrated ; the liquid is then 
precipitated with basic lead acetate and filtered ; the filtrate is precipitated with 
basic lead acetate and ammonia ; and from the liquid filtered from this second pre- 
cipitate the pigment is thrown down by basic lead, acetate and alcohol. The lead 
compound, washed with alcohol, suspended in water, and decomposed by carbonic 
acid, yields a solution of pure blood-pigment which coagulates at 61^, and when 
evaporated at 35°-40'^ loaves the pigment in red Inmellae (B^bamp, Ann. Chim. Php*. 
[5], iii. 340). According to Paquelin a. Jolly, blood-pigment does not contain iron. 

Reaotum of Blood wUh Zinc. — According to H. Struve {J. pr. Chcm. [2], vii. 346 ; 
Chem. Centr. *1874, 475), defihrinated blood, diluted witli water, becomes turbid when 
shahen With zinc or zinc oxide, and depcsits a rtxl precipitate. The filtrate contains 
gelatin, suits, and traces of hydrogen dioxide, but no hsematin or blood-albumin. 
Since the oxide of zinc acts in the same manner as the metal iuelf, Struve coucLudos 
that the precipitation of the liloo<I-pigment and the albumin is due to the formation 
of zinc carlnniate, the metal al>8tracting oxygen and carbonic acid from the blood. 
If, after the precipitation of the blood-pigment and the albumin by zinc, a stream of 
carbon dioxide be passed through the liqmd, the precipitate redissolves, and the 
filtered solution gives neither the spectrum of haemoglobin nor that of meta- 
luemoglubiu. If a continued stream of air bo passed through the liquid thus treated 
with carbon dioxide, tiie precipitate formed by the zinc wefippeors, but is rodissr)lvt‘d 
by the carbonic acid. 

When fresh blood, still containing corpuscles, is treatcil with zinc, the resulting 
precipitate exhibits the forio^ of th^o corpuscles, oven if it has rumaiued under the 
liquid for months, provide<l the zinc has been left in contact with the liquid. If the 
zinc is left in contact with the precipitate, an fivolution of gas gnMlniilly sets in and 
lasts for a long time, the blood-pigment at the same time undergoing a radical 
alteration. 

Action of Ozone . — This action is exerted chiefly on the blood -oorpusclos, their 
colouring matter being separated and the blo«>d becoming darker after a quarter of an 
hour. Defibrinntod blood, exposed in thin layers to the prolonged action of ozone, 
l>ecomcs brownish-yellow, and does not yield any crystals of haemoglobin on addition 
of alcohol, ether, or chloroform. On piissing ozurio for along time through deftbrinated 
blood, flocks are deposited, which, after wasiflng with water, are unuistinguisliable 
from fibrin. The formation of this fibrin-like ^^^y is probably determined by an 
alteration of the hemoglobin, linematin is likewise decolorised by ozone. ^When 
blood poisoned by carbonic oxide is subjected to the action of ozone, it quickly recovers 
the properties of normal blood, and gives ofiT carbonic acid. Blood con raining carbonic 
oxide is less quickly decolorised by ozone than normal blood, and does not so quickly 
lose the property of depositing crystals of hwmatin. This alteration of the blood- 
corpuscles by ozone must not be confounded with that which resulta from the action 
of carbonic acid (J. Doziel, N. Pkarm.‘'Ttx\x . 231). 

Coagvlation. — According to Matthieu a. Urbain {Compt. rend. Ixxix. 666), the 
coagulation of the blood is determined by carbonic acid, which, when the blood is 
exposed to the air, is expelled by the oxygen from the corpuscles in which it is held 
fast during life. On this view it is apparent why alkalis and ammonia, as well as 
concentrated solutions of many salts, which absorb carbonic acid, prevent the coagula- 
tion of blood. 

Gautier {Udd, Ixxxi. 626) finds that the coagulaUon of blood may be prevented by 
receiving it ia a vessel filled with solution of wxlium chloride and then dissolving 
4 per cent, of the solid salt in the liquid at 8^; the blood-corpuscles may then 
separated by filtration through x’apez’ wetted with salt water, and the plasma thus 
obtained is a nearly colourless filtrate, whic^ is coagulated by addition of water, but 
not by the passage of a stream of carbon dioxide. The plasma may be dried up in a 
vacuum, and heated in the dry state even to 110^ witnout losing the property of 
coagulating. Gautier infers from these results that the csoagolation of the blood is 
not an act of life or death, and that ft is not determindd by carbonic acid or by any 
other of the gaseous constituents od blood. * 
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Matthieu a. Urbain obsexire, on th6 other hand, that^he prevention of coagulation 
of blood at or below 8^ bj addition of common salt, may be explained by the fact 
that BolutionB of common aalt take up but a small quantity of carbon dioxide, and that 
this gas has but little affinity for fibrin at low temperatures. They therefore maintain 
their opinion that carbon dioxide is the agent wbiclf brings about the spontaneous 
coagulation of blood, and that the fibrin remains dissolved in the plasma during life, 
because the carbon dioxide is chemically combined with the red blood-corpuscles 
(Compt. rend, Ixxxi. 372). 

To this Qautier replies (ibid. 809) that carbon dioxide cannot be the cause of the 
coagulation: — 1. jBecauso tno plasma is still coagulable after it has been dried in a 
vacuum and heated to 110^, and thereby completely deprived of carbon dioxide. 
2. Because no coagulation takes place when carbon dioxide is passed into plasma 
containii^ 4 per cent, of common salt, although the quantity of that gas absorbed by 
the solution is sufficient to produce a considerable separation of fibrin. 8. Because 
the dofibriuated blood contains as much CO^ as blood still containing fibrin, the 
coagulation of which has been prevented by common salt. 

filatthieu a. Urbain (^Cbmpt, rend. Ixxxii. 422) reply to these remarks that when 
undiluted blood-plasma is evaporated in a vacuum, the carbon dioxide remains com- 
bined with the alkali-salts, and that when this combination is broken up by a suffi- 
cient addition of water to the dry blood-plasma, the carbon dioxide thereby ^et free 
determines the separation of the fibrin. The non-coagulatinn at 8^ of blood-plasma 
mixed with 5 percent, of common salt, may be due to the low temperature and the anti- 
coagulating action of the salt. Gautier, on the other hand, remarks that sodium 
bicarbonate is quickly decomposed when its aqueous solution is evaporated under 
reduced pressure at 26°, whence it follows that the evaporation of blood-plasma in a 
vacuum is sufficient to determine the decomposition of the bi carbonates contained in 
it (ibid, Ixxxiii. 277). To this Urbain replies {ibid. 643) that the decomposition of 
bicarbonates may be regarded ns a process of dissociation, at all events that complete 
decomposition takes place when the carbon dioxide is continually driven away by'air 
or aqueous vapour, but that when the bicarbonate is enveloped in albumin, gum, 
sugar, or similar substances, ns is the case in blood-plasma, it may be heated to 1 00^ 
without decomposition. 

Gases of Mood, — The influence of various circumstances on the quantity of gas in 
arterial blood has been examined by Matthieu a. Urbain {Compt. rend. Ixxiii. 216: 
Ann. Ch. Phys, [6], i, 482). Blood-letting is followed by a diminution of the amount 
of oxygon, due pamy to a loss of blood-corpuscles, but especially to the diminution of 
the blood-pressure, in consequence of which the velocity of the blood is accelerated 
and the respiration retarded. The effect of the blood-letting disappears after fifteen 
to twenty days. 

Arteries o{ equal size contain blood of the sam^ composition, but on comparing the 
blood in arteries of different diameters it is found that the larger vessels contain 
blood comparatively rich in oxygen and carbonic acid. The density of the blood is 
also loss in the smtmer arteries, inasmuch as the suspended corpuscles, which act as 
carriers of oxygon, are less able thda the surrounding liquid to change the direction 
of thebr motion, and consequently flow with less rapidity into the smaller arteries 
which brauch eff from the principal vessels. Arterial blo^ contains more o^gen in 
winter than in summer, l^is induces a more active organic combustion, and there- 
fore a quicker renewal of the heat abstracted from the body by the surrounding 
medium. 

Ol)seFvation8 on the changes which bloc^ undergc<^s in the spleen, with regard to 
the number of its corpuscles, and its power of absorbing oxygen, have been r^e by 
Malassey a. Picard {Oon^t, rend. Ixxix. 1511).' 

Blood of the Sea^spider and of Crabs, — ^The blo<yl of these animals exhibits no 
absotption-bands ; it turns blue when exposed to the air, but loses this blue colour in 
carbon dioxide. The blood of the crab and of the ray conUdas considerable quantities 
of urea (Rzibutcau a. Papillon, Compt. rend. Ixxvii. 133). * 

JHteetion of Blood, — Sonneuschein {Chem. Centralblatt^ 1873, 423) uses for this 
purpose a solution of sodium tungstate or molyMate strongly acidulated with acetic 
or tribasic phosphoric acid. Such a solution gives, with solutions of proteids, pra- 
cipitateil which shrink up to a small bulk when heated under the liquid, and solidify 
on ooolixig to fkiable substances. These precipitates, if not too starawly drie^ dis- 
solve wi^ aid of heat in alkaline liquid^ especially in ammonia. The precipitate 
thus obtained from blood gives, when dissolved in ammonia, a characteristic green- 
red dichroic liquid. For Uie detection of blood-stains, the stained surface must be 
washed out vnth water, and the filtered solution treated with the reagent above 
mentioned. The ammoniacal solution of the precipitate exhibits a distinct coloration 
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eren when the watoy 6actza|t of the hlood-e^t appeezMoeioelj coloured. From the 
ammoniaeal eolation the preopitete may be Uurown down again bv aoi^ and need fbr 
the detection of nitrogen (fosmation of ojanogen by ftision with sodium) or, after 
incineration, for the detection of the iron in the blooi^ 

For the detection of blood in urine, Alm&n (ZeitsoAr. anoL Ckem, 1874, 104) 
zeoommen^ that a few cubic centimeters of guaiacum tincture be put into a test tube, 
together with an equal volume of turpentine, and the tube shaken till an emulsion is 
formed. The urine to bd tested is then pour^ into the tube, and falls to the bottom. 
If it contains blood, the guaiacum solution becomes more or less blue, whereas with 
normal urine this eoloraUon is not produced. 

According to E. Keichardt (ArcA, PAarm. [3], vii. 637), the only test for blood 
that can be safely relied on in judicial inquiries is the formation of blood-crystals on 
addition of acetic acid. Pnrpurin-sulpharic acid, obtained by boiling sulpmndigotie 
acid, exhibits, when examined by the spectrosoop^) exactly the same appearances 
as alkaline blood. 

On the estimation of Oxygen in Blood by means of Hypoaulphurous Acid, see 
Sehutaenberger a. Rissler (2nd Suppl, p. 200). 

The boldo is a tree indigenous in Chili, and belonging to the order 
Monimiace^. It is the Boldoa frwp'anB of Jussieu, the Ruisia /rowans of Kuix and 
Favon, and the Pmnus fragrans or Porsox. Baillon has recently described it under 
the name of Pennu9 boldtu. The leaves contain an essential oil and an alkaloid. 

The latter, which does not appear to be crystalUsable, is very slightly soluble in 
water, to which, however, it communicates an alkaline reaction and bitter taste. It is 
soluble in alcohol, ether, chloroform, caustic alkalis, and benzene. From solution in 
acids it is precipitated by ammonia and by the double iodide of mercury and potas- 
sium ; with solution of iodine it gives a chestnut- brown precipitate. Strong nitric 
acid immediately colours it red, and it assumes the same coloration in the cold with 
snlphnrio acid (Bourgoin a. Verne, Bull. 8oo. Ckim. [2], xviii. 481 ; Pharm.J. Drane. 
[3], ill. 323). 

SOUL This mineral is generally regaled m a hydrated silicate of aluminium 
having the alumina partly replaced by ferric oxide, or containing ferric hydrate as 
an admixture. The small quantities of other bodies present have also been looked 
upon as admixtures. Kenngott, however, from, the examination of numerous speci- 
mens, finds that the mineral fuses easily tr> a yellowish- to brownish-green gfaeay 
moss, showing that it cannot consist essentially of aluminium and iron silicate, but 
must also contain some other constituent, to which the fusibility is due; and this 
conclusion agrees with the results of experiments made by RummoLil>erg on boles 
from numerous localities, from all of which, by digesting small frugmonts for some 
time in hydrochloric acid, and then adding to the Liquid a small quantity of sulphuric 
acid, he obtained slender needles of gypsum, showing that these boles oontainM lime 
{J^ahrbueAf. Mineralogit, 1874, 171). 

aora. F. Wibel (J. pr, CAtm. 12], ix. 113) , objects to Aeb/s view of the com- 
position of bone phosph^ (2nd Suppl. 974), accoMing to which this phospha^ is a 
compound of calcic orthophosphate, water of crystallisation, calcic bydfate, and car- 
bon dioxide, and gives the preference to the older view that fresh bone-substance is a 
mixture of calcic orthophosphate, (PO^)H}a*, calcic carbonate, and ossein. He points 
ottt tlmt the composition of fresh bone-substance cannot be correctly inferred from 
that of fossil ivory, since bone phosphate is known to Ije altered in compositioa by the 
action of water and carbonic acidl Aoby found that the carbon dioxide expelled from 
bone-snbstance by ignition is only partly restored by treating the ignited mass with 
ammonium carbonate, and thence inferred that carton dioxide exists in bone in two 
different states. Witol, however ,kfinds that the result just mentioned is not peculiar to 
tone, but that artificial mixtures of calcium phosphate and carbonate act on one 
another, when ignited, in such a manner that only part of the carbon dioxide 
p r ie e nt in the unignitad mass can be restored by the action of ammonium carbonate. 
Hence it follows that in the analysis of bone-snbstance, guano, and certain phos- 
phates, the determination of carbonic acid, to be dorrect^ must be pexformed upon the 
unignited substance. 

Aeby, on the other hand (J. pr. CAsm. [2], ix. 469), adduces, in support of bis 
views, the transformations exhibited by tiie bones found in j^e-dwellings. In thesa 
bones calcium fiuoride is praent to the amount of 4^ per^ cent., and the difference in 
the amount of carton dkmde befiove and after Ignition is much less than in neent 
tones, while the baste calcium phosphate has remained unaltered. These chan^M 
are due, according to Aeto, to the action of alkaline fluorides on a m^urs of sidts 
containiqg phosphoric and carbonic acids. • B[e supposes that both ivory aud bone 
trd Z 
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QOiitaift as an eaBendal odnstllftent a plibsplmle, tlia former eontainiog ^e 

elemeats cf orthophosphate logether ^th%jdiate and carhonate, the latter 19ie 
elements of orthophosphate ^nd carbonate. The carbonic add appears to be hot 

loosely combined. » 

From experiments by Schrodt, however (Lakdw. * Versttcha, Stationen, xix. 349), 
it appears that the quantity of lime in bones is not sufficient even to justify the con- 
clusion that the earthy matter of bones is a mixture of tricalcie phosphate and cm- 
bonate. The experiments were made on the bones of a dog, the carbonic acid beinff 
determined both in the raw bones and in the ash. On deducting from the totfu 
amount of lime, that required for the saturation of the carbonic acid, and combining 
the remainder with the phosphoric acid to form tricalcic phosphate, there remained in 
every case an excess of phosphoric acid unaccounted for. Hence Schrodt infers that 
the phosphate of l^nes is partly tpbasic, partly bibasic. 

Effects of various Solvents on Bone-substance . — ^Maly a. Donath {J, pr. CheSi. [2], 
vii. 413) find that water exerts a nearly equal solvent power on c^cium phosphate, 
gelatinous or ignited, and on bone-substance ; also that the inorganic matter of bones 
is dissolved by aqueous carbonic acid and sal-ammoniac more readily than by dis- 
tilled water, less abundantly by solutions of bile, common salt, gelatin, sugar, s^ium 
bicarbonate, lactate, and phosphate. From the results obtained by the action of 
bones, freed from their inorganic constituents, on calcium phosphate under'* various 
conditions, and from the examination of precipitates of calcium phosphate pi^uced 
in solutions of gelatin, Maly a. Donath infer that the inorganic and organic con- 
stituents of bone are not chemically combined, but merely mechanically mixed. The 
same view is taken by Aeby {ihid, x. 408). 

Variations in the Composition of the Bones depending on IHet, ^c. — The bones of a 
young pigeon, fed for seven months on corn which had been rolled in a thin paste 
made up of strontium phosphate and a solution of 1^ grams potassium chloride, 
nitrate, sulphate, and carbonate in a litre of water, wore found to contain 4675 per 
cent, lime, 8*45 strontia, 41*8 phosphoric acid, 1*80 magnesium phosphate, and 1*10 
residue, A young white rat was fed with rice and gluten which had been treated 
with aluminium phosphate and the same solutioh : it died of enteritis. 100 parts of 
its calcined bones were found to contain 6*95 pts. alumina and 41*10 lime. Another 
rat of the same ago was fed for a shofter time on similar food containing magnesium 
phosphate instead of aluminium phosphate. The ash of its bones contained in 100 
pts. 3*56 pts. magnesia and 46*16 lime (Papillon, Compt, rend. Ixxi. 872). 

Fapillon has also examined the bones of pigeons, fowls, and the so-called * crab’s 
eyes,’ after the animals had been fed on a diet containing magnesium salts to the 
exclusion of lime salts. The proportion of magnesia in the l>one8 was found to be 
sensibly in excess of the norm^ amount, though liie quantity taken up was much less 
than that of the strontia in the experiments above mentioned. 

On the other hand, Weiske-Proskai.. {Zeitsehr. f. Biologie^ viii. 239), from a repeti- 
tion of Papillon’s experiments, infers that the composition of the bones is not altered 
by the introduction of foreign salts into the diet. In the bones of rabbits fed on a 
diet detaining strontium and mn^esium phosphates, he could not detect the slightest 
trace of stronria or any notable increase in the proportion of magnesia or phosphoric 
acid. The age of the animal has some influence on the composition of the Ixines, 
those of old rabbits containing a larger proportion of mineral salts. The average 
proportion of phosphoric acid is nearly the same in all bones, viz., 42*17 per cent. 
A f^l-grown goat fed on a diet deficienU in lime mod phosphoric acid, suffered in 
hefdth and ultimately died, but its bones exhibited no deviation from the normal 
composition. Similar results were obtained by experiments on lambs XChem, Centr^ 
1872, 409 ; 1874, 123). ^ 

Kesults contrary to these have however been obtained by J. Forster 
BiologiSy xii. 464). From experiments on dogs he infers that with a diet containing 
an insufficient quantity of lime, hut Bofficing to sustain the albuminous constituent^of 
the organism, all the organs, more especially the muscles, and also the skeleton, 
become partially impoverished in lime, without any diminution in the organic snb- 
stances of the body taking place. The quantity of lime contained fn a diet consisting 
exclusively of mea^ does not suffice to sustain the amount of lime in the body, 
althou^ Its albuminous constituents may remain unchanged. 

Wmi&e’s failure to observe, in aninials receiving an insufficient supply of lime, 
either a paiti^ loss of lime in the skeleton, or the ooeurrence of disease of the bones, 
may be explained by the following considerations: — (1.) Gonclusions with regard to 
the oemposition of the whole ekeleton must not be drawn &om an analyds of inmvidual 
^nes* (2.) The nourishment of the animals under experiment should be such that. 



whiht losing majinot sillier s •nbsfeuioss. For 

vith ngenenllj insuflmnt supply of adbriidimeat as as adeficisacy of lime, boih 
soft parts and bones diminish., sod the ash-oompoiient^ srluch are thus set Area, may, 
under certain drcumstanees, be use^ again without being excreted ftom the body. 

The deficiency of inorganic 'bonetituente in the bones observed daring certain diseases, 
as rachitis and osteomalacia, has been attribated by some physiologists to the solvent 
action of lactic acid ^nerat^ in the intestines by the fermentation of carbohydrates ; 
and, according to Heismann, rachitis and osteomalacia may be produced in wimsls 
by the administration of lactic acid, either in the food or by suboutaneoua injection ; 
he did not, however, analyse the bones of the animals thus treated. 

Besults of opposite character have been obtained by £. Heiss (ZstfscAr. /*, BioL 
xii. Idl), who fed a small dog, weighing 4*7 hilograms, for 308 da^s on food contain- 
ing lactic acid to the amount of 1 to 2 grams at first, afterwards increased to 4 to 6 
granm and finally to 7 to 9 gnms. During the* whole time the dog continued in 
good nealth, and when it was killed, its bones showed no signs of rachitis or osteo- 
malacia ; and the difierent parts of its body wore found to contain their normal pro- 
portions of mineral constituents, showing no deficiency in the alkaline earths. The 
total amounts of lime and magnesia in the food were found to be exactly the same as 
those excreted in the dung and urine, showing that none had been withdrawn by the 
lactic acid. This acid appeared indeed to have been decomposed in passing through 
the dog’s body, as none was found in the urine. 


Processes for the carbonisation of bones, and the preparation 
of ammonia-salts and bone-oil from the products of the distillation, are given by Sebor 
poL J, ccviii. 3i00), and by Dunoa a. Bougleux (^American Chetnist, iii. 265). 

A method for the revivification of bone-charcoal in sugar-works by the use of 
sal-ammoniac is described by G. Preis ppf. J. ccx. 396). On boiling the 

spent charcoal with a dilute solution of sal-ammoniac, the calcium carbonate contained 
in it is dissolved, and the ammonium carbonate thereby evolved acts upon the organic 
substances absorbed. by the charcoal. 

Valitation, — J. B. Schober {N. Bep, Pharm. xxii. 267) estimates the value of 
bone-black by its action on a solution of indigo of known strengUi. A solution of 
indigo-carmine (6 grams to m litre) «s standardised by a solution of potassium perman- 
ganate containing 1 gram of the salt in 1000 c.c. of water ; 1 gram of tlie charcoal is 
added tc 50 c.c. of the indigo-solution in a fiask ; the whole well shaken, boiled, and 
left at rest for twenty-four hours ; and the proportion of indigo remaining unabsorbed 
is thfo determined by the permanganate in an aliquot part of the liquid filtered firom 
the charcoal. 

With reference to this process, C. H. Oill obsei^’cs that, like all other methods of 
estimation depending on the absorbing or decolorising power of the charcoal, its 
results are affected by the initial lifficulty of reducing the various samples to the 
same state of division, without which the same raecimen will give result# differing 
from one another os much as any two from different sources (cAsm. Soo. J, 1873, 

p. 1060). 

K. Vicrordt {Pogg. Ann. cxlix. 565) observes that all the colorimetric piethods 
hitherto adopted for determining the decolorising power of bone-charcoal, are affected 
by an uncertainty arising from the use of W'hiie light in judging of 'Jie colour. To 
avoid this source of error, he propose to use only that part of the spectrum for which 
the colour under examination exhibits the maximum degree of absorption. For 
molasses, this part of the spectrum lies between F and F 10 D ; for practical purposes, 
the portion from F to F 20 Of will give suflSciently accurate results. Even if the 
absolute quutity of colouring matter in a sample of molasses cannot be thus deter- 
mined, it ii' easy to estimate the relative amounts in different samples. These 
amounts are proportional to th^ coefficients of extinction, i.e. to the negative log- 
arithms of the quantities of light of a parUcular region of the spectrum, which rem^n 
unabsorbed after the light has traversed a layer of the absorbent fluid, 1 c.c. in tbick- 
nqsB. The maximum action of the charcoal is exerted only after twenty-four hours' 
ormtact with the coloured liouid ; nevertheless it is posmble to obtain numbers suffi- 
cient for the eomp^son of oiffereot charcoals, by continuing the action shorter, 
but always equal 

If the weight in grams of the charcoal (e. g. 2 grams) be denoted K, the 
volume of the molasses (e. g. 10 &c.) by e, the amount of colouring mattJr in the 
molasses by c, that of the decolorised solution by 0 (o and O being determined as 
above), then, if the light need is that of the spectrum between F and F 10 O, we have 



where y isa coefficient depending on the deoolorisiiig power of the cbarcoaL 

s 2 
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From the preceding equation it follbwe that 


7 


C. K 

V, o* 


Taldng therefore equal quantities of charcoal, equal volumes of molasses, and a con- 
stant amount of colouring matter (e. g. a brown sjrup diluted to one-fourth) the 
relative value of anj sample of chared will be expressed simply by the coefficient of 
extinction answering to the intensity of the light observed in the region of the spec- 
trum from F to F 10 &. The charcoal examined by Vierordt gave 7 « 0'00304. 

Estimation of Organic Matter in Bone-blacks — ^For this purpose, W. Thom {BingU 
pels Js oexvi. 266) boils the charcoal with dilute soda-ley, and, after acidulating the 
filtered liquid thereby obtained, titrates it with solution of permanganate, assuming, 
according to Wood’s determinatioii {Chem, Soc.J. 1863, p. 62), that 1 pt. of potMsium 
permanganate is capable of oxidising 6 pts. of organic matter. 

On the occurrence of Iron Sulphide in Bone-black, see R. F. Smith (Chem, News, 
XXX. 171, 202, 217, 233, 240, 261, 293). 

Absolution of Ggpsum-solutions bg Bone-Uacks — When a solution of gypsum is 
filtered through well-washed bone-black, the gypsum is at first decomposed by the 
ammoniacal salts which are always present in the charcoal, lime being retailed and 
ammonium sulphate passing into the solution. At the same time, however, the gypsum 
is absorbed as such, but so loosely that it may bo extracted by prolonged washing 
with water. In an experiment in which 600 c.c. of gypsum solution containing 16*3 
grams of gypsum were filtered through 36*4 grams of finely powdered bone-black, 
7*19 grams of ^paum were absorbed as such, 4*93 grams were decomposed, and 4*18 
grams passed through without alteration. The charcoal subsequently yielded to water 
0*18 grams of gypsum (E. Anthon, DingL pol, J, ccxiii. 169). 

Acti^ of Bone-black on Ammonium Salts. From a dilute aqueous solution of 
aihmonia, bone-black abstraetti only a small quantity of ammonia. Ammonium salts 
also are but slightly absorbed, and generally decomposed to a small extent at the 
same time. This decomposition is greater in amount with the ammonium salts of 
polybasic acids than with those of monobasic &cid8. The acetate, for example, is 
absorbed almost without decomposition, whereas the neutral sulphate gives up part of 
its ammonia, and is more or less converted into acid salt. If the resulting acid salts 
are easily soluble, they are but slightly absorbed by the charcoal ; but if they are but 
•lightly soluble (ammonio-potassic tartrate for example), or capable of forming in- 
soluble compounds with any of tlie constituents of the bone-charcoal, the acids appear 
to be absorbed in greater proportion than the ammonia. The absorption of ammonium 
salts by the charcoal appears to be favoured by rise of temperature (Bimbaum a. 
Bomasch, Bingl. pol, Js ccxviii, 148). * 

Beducing Action of Bone-Charcoal Low TemperatureSs — When a solution of 
platinic chloride is boiled for some time with freshly ignited bone-charcoal, a colour- 
less acid solution results, containing no platinum and leaving scarcely any residue on 
evapof^.tion (provided the charcoal has been previously freed from all matters soluble 
in nydrochlori<v. acid). A solution of dehyd&otriacetonamraonium platinochloride is 
partially reduced on boiling with animal charcoal, the platinum becoming platinous 
chloride, BO that the original salt is regenerated on adding chlorine-water. 

Ferric Chloridfi is easily reduced to ferrous chloride by bone-chaxtsoal, a trace of 
organic substance passing into solution, but no ^seows oxide of carbon or any other 
carbonaceous gas being ^von off: hence it wou\d appear that the reduction is mainly 
due to the hydrogen which still remains in the charcoal, even after strong ignition 
(Heintz, Liehig^s Anfhalen, clxxxvii. 227). , 

Art^oial Bone-black, — Gawalovski {Dingl, pol, J, ccxiv. 258) sugg^ts prepar- 
ation of a substitute for bone-charcoal by saturating lumps of pumice of the mze of a 
walnut with blood in a vacuum, and then igniting them in a closed vessel. The pro- 
duct U a shining black charcoal, which adheres to the tongue, and is capable of neariy 
decolorising a reddish-yellow sugar-beet Juice after half-an-houris digestion ; the 
alkalinity of the Juice treated with it was not however diminished. CNiwalovski is of 
opinion that the salt in the blood-ash interferes with the action, and oonsiden it 
essential that the charcoal should be thoroughly washed before being used. 

According to Helsens {Compt, rend, Ixxix. 376) the only way of obtaining an 
efficient substitute for animal charcoal is to saturate wood with a solution of calcinm 
phosphate, and thm to carbonise it. Xt is difficult, however, to obtain a preparation 
oon tuning a sufiicient quantity of mineral matter. The charcoal must bewelfwa^ed 
before use to free it from calcium chloride. » 
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The foUowing tbmB of this xnineviil have been deecribed by A. 
Schrauf (Jahrb.f, Min, l87o» 960). 

Bcraeite, — (1). ooO.oe Ooo .—.202, from Imnebuig.— *(2). mOgo • ooO.*. — ? . 202 . 

2 2 2 

a 

60}, from Lnnebnrg. — (3). ~ .oaOoo . ooO. — also from Imnebufg, with parallel 


repetition. — (4). odOoo (Tery predominant), ^ . osO . obOS : loose crystals fromStasa- 


fort. — (6). ooOoo (predominant) — ?.obO.| 0. — (6). ooOeo . 9, twin ; for the in- 

2 2 2 
tersecting twin, the twin-face is a face of the positire tetrahedron. 


G**H**0. On the constitutional «&>rmula of this body, see CaMPBon. 


Suppose AUotropie ntodificaiumi , — Wohler a. Deville, in 1867* by 
heating aluminium with boric oxide or amorphous boron, obtained two classes of 
crystals, black and yellow, which wore regarded by them, and have since^ been re- 
garded, as varieties of crystallised boron (i. 628). But from recent experiments by 
W. Hampo {Liebig's Annalen, clxxxitt. 76), who has repeatedly prepared and analysed 
these ciystals, it appears that they are not really pure boron, but compounds of that 
element with aluminium or with aluminium and carbon. 

The black crystals (Wohler and DeTille's graphitoidal boron) are obtained (1) by 
fusing; aluminium with boric oxide ; (2) by fusing aluminium with boric oxide and 
cryolite, or boric oxide and fluor-spar ; and (3) by passing boron fluoride over heated 
aluminium. Of those processes the flirat gave the best results, the most important 
condition for its success being the absence of carbon from the mixture. The tem- 
perature of melting iron, maintained for two or three hours, wns found sufficient to 
produce the crystals, but the yield was larger at higher tempenvtures. 

The crystals belong to the monoclinic system. They are black, or, in very thin 
lamina?, dark-red, and yield a brownish-red powder. Tney have an extremely bril- 
liant lustre, and when heated turn blue like steel, but they are noyertholosa unalter- 
able in oxygen at the t<'mperuturo at which diamond burns easily. They are harder 
than corundum, but softer than diamond. Thrir sp. gr. is 2*5346, that of water at 
17^ being 1. The crystals are not attacked by hydrochloric acid or potash-ley, and 
only sumrflcially by concentrated sulphuric acid, but are slowly dissolved by nitric 
acid. They are oxidised with incandescence by fusc-d potash or lead chromate, and 
slowly dissolved by fused acid potassium sulphate. When heated in the blow-pipe 
flame on platinum, they form with the metal an easily flosible alloy. Analyses of tnese 
crystals prepared at different times^gave results agreeing very closely with the formula 
AIB'* 

The yellow crystals (Wohler and Beville’s diamond boron) were obtained by 
heating ^uminium with boric oxide to the highest temperature obtainable in a wind- 
furnace. in crucibles lined with pore gn^hite, ai^d allowing the fused mass to cool 
down very slowly. The crystals are quadratic, the octohedron being the most mmon 
form, but sometimes long prisms were obtained. They have a huney-yellow colour, 
which is a constant characteristic, and is not due, as Wohler and Beyille supposed, 
to impurities. They ore somewhat easily broken, exhibiting a conchoidal fracture, 
and yield a honey-yellow powder. They are harder than corundum, but softer than 
diamond. In their behaviour ^th reagents they closely resemble Ihc black ciystals 
described above. Their sp. gr. is 2*615. The empirical formula of the crystals, as 
deduced from several closely concordant analyses, is C’Al’B* C*B'* + 3A1B’*. 

All attempts to obtain pure crystallised boron have hitherto proved fruitless. 


Deteetum. — H. Kilmmerer {Zeiisehr, anal. Cham. 1878, 376) recommends, as a Terr 
delicate test for boron, to mix the substance under examination very intimately with 
flnor-spar and sand in a test-tube, moisten the mixture with strong sulphuric acid, 
and pass the escaping gases through a glass tube drawn out to a fine point, into the 
noD-luminous flame of a Bunsen burner ; the preeenoe of boron will then be revaaled 
by the green coloration of the flame. 

According to Bidaud (Compt, rmd, Ixxvi. 409), the flame of a Bunseg bumsar, 
directed upon a OTStal of boric oxide placed on a piece of porcelain, immediately 
acquires a splendid green colour. It is not neeessaiy that the crystal should be en- 
veloped by ue flame, mere contact with the outer edge bei^ eufl^ent. 

On the spectrum of boric add vapour, see Lec^ de Bocsbaudran (fiompt, rend* 
UxTi.833). 
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/ Boron CmorldOf BCl*.* H. Schiiitzler pol. «/*. cczi. 4S5) prepares this 

compound hy passing chlorine over a mixture of ^ric oxide, soot^ and oil made up 
int6 spherical lumps, and ignited in a porcelain tube, which is connected with a con- 
denser tube 6 inches long and 1} inch wide, and so inclined that the course of the 
condensed boric chloride may be opposite to that of the f tream of chlorine. This tube 
Ues in a wooden trough, enveloped in snow or pounded ice, over which strong hydro- 
chloric acid is pouted from time to time, whereby a temperature of about — lOy is pro- 
duced. By this method a^ut 80 c.c. of boron chloride may be obtained in a few 
hours. 

Beaetions, — 1. When the vapour of boron chloride, heated to bright redness, is 
passed through a porcelain tube, either glazed or unglazed, and the substance of the 
tube is rapidly attacked, the chloride of boron is partially decomposed, chloride of 
silicon and chloride of aluminium being Tolatilised. while borate of aluminium remains 
behind. With a glazed tube, a oerrtain quantity of the double chloride of alum^ium 
and potassium is also formed. Pure alumina, silica, zirconia, and titanic acid ignit^ 
in a platinum tube are attacked by boric chloride in a similar manner, except that, in 
the case of the three latter substances, the residue consists of boric oxide (Troost and 
Hautefeuille, Compt, rend. Ixxv. 1819). 

2. When nitrogen tetroxide is distilled into refrigerated boron chloride, an energetic 
action takes place, and a solid substance is deposited in the liquid, while vellow 
crystals condense on the sides of the flask. On leaving the product at rest for two 
days, and then distilling at a gentle heat, volatile yellow ciystals condense in the 
receiver, giving off a brownish red vapour which fumes on coming in contact with 
the air. A liquid, apparently consisting of a solution of the ciystals in boron chloride, 
also passes over. The crystals have the composition BGPNOCl, and form rhombic 
octohedrons or prisms which dissolve in water with a hissing sound, boric acid, nitric 
acid, and chlorine being produced. At 23®-24^ the crystals melt, forming two layers 
of liquid, the upper of which appears to consist of boron chloride containing a small 
proportion of the original substance, while the lower probably consists of the fused 
substance together with a small proportion of nitrosyl chloride. On cooling, the two 
layers reunite with more or less rapidity, reproducing the original substance. 

The reaction by which these crystals are formed is probably as follows : — 

8B01* + 3N*0* - + 6(BC1».N0C1) + 0» 

(Ocuther, J. pr. Chem. [2], viii. 864), 

Borlo Ozl<lepiloid« and Balts. A description of the method of obtaining 
boric acid from the Tuscan lagoons is given by 0. M. Kurtz {Dingl. pol, J, ccxii. 
493; Jakresb.f, Chem. 1874, 1108) ; also by P. Le Neve Foster {Pharm. J. Trans. 

[3] , V. 343). 

J^ect of sudden Cooling on Borio Oxide . — The glassy plate produced by pouring 
fused boric oxide on a cold metallic surface has its lower face in a more dilated con- 
dition than its upper face. The consequence is a bending of the plate, which may be 
BO great as to cause it to fly in pieces. Such a plate acta upon polarised light like 
unaniibaled glass, but, unlike the latter, it retains this power with extraordinary 
tenacity. Fragitients kept at a red heat for fifteen hours, and then cooled slowly 
during several days, were found to act on polarised light as strongly as before, while, 
by the same treatment, blocks of glass weighing 60 kilos, were completely annealed. 

boric oxide, whic^ has been suddenly cooled is plunged into water, the portions 
which are already most dilated do not, in taking up wt^r, undergo so great an increase 
of volume as those which have cooled more slowly, and a kind of exfoliation occurs 
by the detachment of successive layers (V. de Liiynes, Compt. rend. Izxxi. 80). 

Hydrates .^ — When boric acid, BO*H* or is heated for a week to 100®, it 

is converted into the hemihydrate, 2B*0*.H’0, and if heated for the same time to 
140®, into the trito-hydrate, SB*0*.H*0 (Atterberg). 

Metallio Borates, Action of Waier. — ^Waterdoea not decompose the borates 
of the alkali-metals, but readily separates oxides from many metallic borates, which 
are seaxee^ altered by contact with concentrated solutions of neutral or acid sodium 
borate. BLence the reaction between alkaline borates and salts of other metals in 
very strdhg solutions gives a pure metallie borate if the alkaline borate is used in ‘ 
excess, and an oxide when the metallic s^t is in large excess, this oxide arising from 
the action of water on the metallic borate first produced (L. Jouliu, Ann. Ckhn, PAvr. 

[4] , XXX. 248). 
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The foUowSng meUdlie bontee have been examined hj Atterberg (^ulL Soe, Ckim 
£2], xjtiL 350):-*- ^ • 

2B»0*.K*0 + 6iH*0, Large hexagonal prieins 6BH>».Na»0+ 10H*O (?) 

2B«0*.K*0 6H^. Short monoolinic pnanis 5B*0*.(NH«)*0 ^ 8H*0. 

6BK)*.K»0 + 8H*0. Rhombic octohediona B*0».BaO + 2H*0, Cryat. powder. 

B*0*.Na*0 + 4JH*0. Elongated priame BH>».BaO + 4H*0. 

BK>*.NaK) 4 Tofts of elongated prisma 3BH>*.2BaO 4 6HH>. 

B*0>.Na»0.4dH»0. 3B»0»3a0 4 6HK). 

The following sodium borates hairebeen examined bvR. Benedikt Ch$m, 

Ges, Bar, 1874, 700). The tnonobatio or metaltarai^ o/ eocftam, B0*Na4 4H*0, which 
Berzelius obtained by igniting borax with sodium carbonate, is more easily prepared 
by mixing the solutions of equivalent quantities of borax and pure caustic soda, and 
evaporating to a syrupy consistence. This coucentssitod solution left for several days 
over%ulphuric acid, yields large splendidly-developed crystals, often more than an 
inch long, which may also bo obtained by recrystallising the product of the ftrst, often 
somewhat confused crystallisation : they become dull on the surface when exposed to 
the air. According to Hahn, these crystals are monoclinio (Isf Suppl. 300), but from 
recent measurements by DiUcheiner they appear to belong to the triclinic system* 

^ 001 100 111 Til 110 IlO 

or oP o^fco F 'P osF, a>*;P 

As Hahn states that the salt which ho measured was isomorphous with oetohedral 
borax, B^O^Na*' 4 5IPO, it is possible that he may actually have examined only the 
last-mentioned salt. 

If in the above- described preparation of the metaborate a large excess of sodium 
hydrate be added, tlic process being otherwise conducted as before, laige fine needles 
are formed, which, when freed from mother-liquor by decantation, qtiiekly rinsed writh 
water, and dried on a plate under the air-pump, retain their lustre onlv so long as 
they are protected from the air. Their analysis leads to the formula BO*Na 4 2H*0. 
The same hydrate is forme<i by fusing the salt, BO^Na + 4H*0, in its water of crystal- 
lisation. According to Berzelius, the salt thus produced has the composition, 
BO*Na+3H“0. 

By fusing either of these hydrates of sodiui^ l^orato with an equivalent <^uantiiy of 
barium chloride in a platinum crucible, and lixiviating the fused mass with water, 
the salt, B^O^Ba or BuO.IPO*, is produced. Tlio corresponding calcium and strontium 
salts may be formed in the same way. 

When either of tlie sodium salts is fused with the quantity of sodium hydrate 
required by the equation 

BO*No 4 2NaOH - BO'Na* 4 H»0. 

water is rapidly given off, and on cooling there remains a buptiful laminar hard 
crystalline cake, which, when dissolved ine water, again yieias the metaborate, 
BO*Na -t- 2H*0. It does not indeed appear possible to obtain in this way the ortho- 
borate of sodium, BCPNa*. In fact, the only orthdborate yet obtained is the magnesium 
salt, (BO*)*Mg» (i. 614). ^ 

Sodium Bii^aU. Borar, Na*B"9 » ^ 10H»O * Na*0.2B»0» 4 lOH^CT, has been found 
in large quantity in the bed of a dried-up lake 140 miles north-west of Bakeisfield, in 
the Sierra Nevada. The bed is 16 miles long and 6 miles broad, and the saline 
deposits are from 6 to 8 feet deep. The middle of these deposits eonsiets of common 
salt, the borax occumng the ddges to a ckNpth of 3 feet, lleneath the pure borax is a 
deposit of sodium sulphate and tincaL(A. Robot tom, Chm. Neum, xxxii. 286). 

According to C. F. Schultoe (ArcA. Pharm, [3], vi. 149), borax dissolves abundantly 
in^ycerta, 1 part of glycerin^ taking up an equal weight of it. The solution is 
capable of taking up cream of tartar. 

Iodine dissolves in a dilute solution of borax, with formation of sodium iodide and 
iodate, but separates out when the solution is concentrated. This fact, observed by 
Bottomley (CXom, News, xxxi. 76), is attributed by him to a resolution of the borax in 
the dilute solution into soda and boric acid, whith latter, on eoncentratioD, sets free the 
hydriodic and todie acids, which then decompose one another with liberation of iodine. 

OetoMral Borax, — A strongly supersaturated solution of borax (e,g. 2 pprte water 
to abont 1*6 borax), proeected from the &Iling in of borax powder, deposits crystals 
of oetohedral borax, Na*BH^* 4 6HH) ; but, if the supamataot liquid be touched with a 
crystal of ordinary prismatic borax, it will immadiatsly deposit crystals of the latter* 
Octc^tidral oysUls likewise form in a solution of borax evapmitad under the air-ptimp. 

0% ike Aniiat^iie adim qf Borax and Sorio acid, see FxanirrATins. 
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^Preparation of Crystalline Boratee in the dry way, — Great difficulty 
haa kitherto been experienc^in pre^ng czjatalline ^orates in the dry uroy, on 
account of their ready fusibility : hence they have hitherto been obtained in this 
niATiwftr only as amorphous vitreous masses. A. Ditto (fOompt, rend, Ixxvii. 783, 892), 
has, however, overcome the difficulty by adding the borate to be ciystalliBed, or its 
constituents, to a mixture of alkaline chlorides in equivalent proportions contained in 
a platinum crucible, so arranged over the lamp that the bottom only is at a red heat, 
^he l^rate sinks and dissolves in the chlorides, which are but just in a state of fusion 
on the st^ace. On reaching the surface again by convection, the borate becomes 
crystalline. It is easily detached from the cooled mass, and is then washed with hot 
Water. 

Oaldum Boratee . — A saturated boiling solution of boric acid readily attacks 
Iceland spar, marble, chalk, or dolomite, forming small needles. These crystals 
present the same appearance as tl\s crusts of natural calcium borate which are found 
in Tuscany on the limestone, and ‘which Boudant supposed were formed by the action 
of borax upon the carbonate. The composition of the borate formed by the action of 
boric acid on a carbonate is expressed by the formula Ca"H*B^O*.(H*BO*)*, or mono- 
calcic tetrametaborate, plus 2 mols. of boric acid. This compound loses its water at 
200®, and fuses at 460®. When it is introduced into the crucible containing the 
alkaline mixture, kept at as low a heat as is compatible with fusion, the ciystals 
which form on the surface have the following composition: — Lime = 44‘6^ boric 
oxide « 65'42, corresponding with the formula CaB*0*, or calcium metaborate. The 
same result is obtained with the precipitate — a sesquimetaborate, according to Bose — 
which is formed on adding borax to a soluble calcium salt. The addition of a small 
quantity of calcium chloride to the fused mass in the above experiments causes 
cxystalUsation to take place more quickly, but with no alteration in composition. The 
crystalline borate appears in the form of four-sided prisms, often flattened out into 
plates, and arranged in fluted masses. It is colourless, transparent, very fusible, 
readily soluble at 60° in concentrated hydrochloric or nitric acid diluted with its own 
bulk of water, but insoluble^ in boiling concentrated acetic acid. If the calcium 
chloride employed in hastening the formation of the crystals amounts to a fourth of the 
whole mixture, a borate is crystallised having the formula Ca"B*0®( = Ca*B*0® + B*0*), 
or calcium orthoborato plus one mol. of boric oxidQ. This is also formed when a little 
boric acid is added to a fusing mixture of 2 parts of potassium chloride, 2 parts of 
sodium chloride, and 1 part of calcium «chloride. The crystals have the form of long 
prisms, striated parallel to the side-edges. They are soluble in all acids except 
acetic. The third crystalline calcium borate formed has the composition, lime » 34*67, 
boric oxides: 66*32, corresponding with the formula Ca*B®0**( — Ca'B^O^.B^O®), or 
2 mols. of calcium metaborate, plus 1 mol. of boric oxide. It is obtained by adding to 
the mixed chlorides in fusion, precipitated calcium borate, or the product of the 
reaction of boiling boric acid solution on calc-spar « with the addition of one-third its 
weight of fused horic acid. The crystals are long, silky, slender needles. The same 
salt is obtained in flattened pearly n^^lea, when boric acid is simply fused with 
chalk. If, in the former operation, the boric acid, instead of being one-third of the 
weight of the borate employed, be ilb great excess, the crystallisation is retarded, and 
the saA. formed, which is in flat needles soluble in cold nitric acid, is the calcium 
analogue of borax. 

Strontium Boratee . — Strontium carbonate behaves like calcium carbonate with a 
boiling solution of boric acid. But if the product of the reaction, or the precipitate 
produced by mixvig borax with a soluble strontium salt, be added to heated 
chlorides, it does not fuse, but is converted into strontyim Itorax, containing strontia 
■■42*66, boric oxides 57*33, corresponding with the formula SrB®0^ Even when a 
slight cuccess of strontium cUoride is present, the same result is obtained. If in the 
last case a jet of steam be directed utod the top of the^melting contents of the crucible, 
crystals are formed which do not diner in composition from those last mentioned. 
This compound forms long needles soluble in cold nitric acid. If caustic strontia be 
added in excess in either of the last three experiments, opaque striated four-sided 
prisms crystallise out. These are very soluble in acids, and have the composition 
Sr*B^O^‘. When one equivalent of boric add and one equivalent of caustic strontia 
are beat^ strongly in a carbon crucible, brilliant needles are obtained, which, when 
added to the mixture of heated chlorides containing a little strontium chloride, are 
convertedrinto short striated crystals consisting of SrB*0\ If, in the last omration, 
canstio strontia be also added in excess, small flat prisms are obtained. They are 
ooloured yellow by a trace of iron, and have the composition Sr*BH>*. This compound 
dissolves in ^ dilute acids except acetic. 

Barmm Soraiee, — ^When the predoitate formed by adding ^rax to a soliible 
barium salt is dissolved in the fum cmoifdes, needles are obtained which show a 
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tdsdflnoj to gtovp thooMlTM in w mm or stnn- the bmnehee of wbioh nre inclined 
to each other nt on ang^e of 6<^. The compoeition of theae eryetale ie barium 53’37> 
boric oxide 47*63, oorreaponding vith the formula BaB*0\ Boric oxide and oautdo 
bai^ta, when brought to a ationg red heat in equivalent quantities, in a carixm 
crucible, yield a grey ciystallineKmass, which, when Bubmittaa to the action of the 
mixed duoridea, with addition ox barium chloride, fhmiehea white aix-aided prisms 
temunated by pyramids. They are readily soluble in w a r m dilute acids, and contain 
barium 68*46, boric oxide 41*64, corresponding with the formula Ba*BK)**. 

MagnssUim Borales, — ^When a mixture of magnesia and boric cndde, Ute latter in . 
large excess, is brought to a white heat in a carbon crucible, hard, white opaque 
masses are left on cooling, surrounded by the glass of boric acid. Those masses 
consist of long needles radiating from centres. They ore soluble in all warm dilute 
acids, except acetic, and contain magnesia 80 00, boric oxide 70*00, corresponding 
with tl^ formula 3MgB*O^B*0*), which if the formula of the boracite fh>m 

Lunebuz^. When this compound is introduced into the fused chlorides, it loses half its 
boric oxide, the liberated oxide forming transparent drops attached to the portions 
of salt which are yet unaltered. The ciystals which form are larip^, transparent, 
flattened needles, terminated by points. They dissolve in warm dilute nitric and 
sulphuric acid, and contain magnesia 46*40, boric oxide 63*60, corresponding with 
the form^^ila The same compound is produced if the operation is commenced 

with one equivalent of magnesia and two equivalents of boric oxide. If the artiflcial 
boracite be heated very strongly with the mixed chlorides, it loses a fourth only of its 
boric oxide. The crystals thus obtained are in the form of needles or of prisms, 
which contain magnesia 36*85, boric oxide 63*15, corresponding with the formula 
MgB*0\ 

The constitution of the borates of barium, strontium, and magnesium aboTs 
described is similar to that of the analogous calcium compounds. 

DouhU Borates. — If the artificial boracite be heated in the mixed chlorides with a 
large excess of calcium chloride, the crystals form vary alewly, and the salt Is obtained 
in prisms terminated by regular pyramids. It contains lime 29*78, magnesia 21*84, 
boric oxido 48*87, corresponding ’with the formula Ca*Mg*B*0**for 
If strontium chloride be substituted for the calcium chloride, the compound IdgBK)^ 
is alone obtained. But if caustic strontia bo substituted, a double salt of strontium 
and ma^esium, exactly analogous to the magncsio-calcic salt described above, is 
produced, containing strontia 43*60, magnesia 16*40, boric oxide 40*00. Both these 
double salts dissolve easily in dilute acicbi. 

Eatimation of Boric acid.— The following method, depending on the conversion of 
the boric acid into crystallised calcium borate, is recommended by A, Ditte {Compt, 
rend^ Ixxx. 490, 661) as easier and nv>re exact than any of the processes commonly 
employed. 

Wken the boric acid is combined only with alkalis, the solution, neutralised if 
necessary with ammonia, is mixed with excess of a saturated solution of pure calcium 
chloride, which throws down a ^latinous precipital^ of uncertain composition, soluble 
in excess of calcium chloride. The mixture is evaporated to dryness in a plat•k'^am 
crucible, which is then filled up with a mixt;ure in ecjuivalont proportioi^s of the pure 
chlorides of potassium and s^um, and the whole is heated, gently at first, over a 
gas-jet, so as to fuse the mixed chlorides. Calcium borate, CaB*0\ in the form of a 
spon^ mass, settles down, is partly dissolved, and then forms a ring of czystals 
which rises as a crown in the ^per and cooler part of the cmcible. The mass 
removed from the crucible is treated with water and washed on a filter, and* the 
ciystalline nec^es of calcium borate are brushed off and weighed. 

The essential precautions are not to fuse the spon^ mass first formed, but other- 
wise to keep the l^ttom of the cnfeible as hot as possible, while the sides and upper 
part are kept as cool as possible, consistent with the fluidity of the mixed chlorides. 

If the borate is insoluble in water, and contains bases other than alkalis, it is 
dissolved in dilute hydr^loric acid, and the bases are separated by the usual method, 
care bein^ taken not to introduce any substances capable of forming an insolnble salt 
with calcinm chloride. If, therefore, alkaline carbonates have been used to mrecipitate 
the bases, they must be dmmpmed bv hydrochloric acid, and the solution heated 
geoUy so as to expel the carbonic acid without volatilising any of the bof^e acid, 
llie liquid is then to be treated with ammonia, calcium chloride added in excess, «*rid 
the TOocess continued in the manner above deecribed. 

^e same method is applicable to the estimation of the boric acid which oeettrs 
in ssveiml silicstes. If the mineral ie easily deeomporible hj acids, es is the ease 
with datholite and botiyolite, it is finely pulverised, and decomposed by digestion Ibr 
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•erexal hours with hydrochloric aci^ at 50^*>60^, and a saturated solution of csdclum 
chloride is added, together with ammonia to nentralis^the free adds. The borie and 
silicic adds are thereby converted into calcinm salts, and the liquid may be evaporated 
to dryness without loss of boric acid. The whole is then inti^nced into^ a crucible 
and gradually heated to fusion, whereupon the greater part of the calrium borate 
crystallises in a ring at the snr&ce, while the silicath remains at the bottom. After 
cooling the ring of borate is detached, and the remainder remelted, in order to 
d^st^ise the small residual portion of borate ; then after a few minutes the bottom 
of the crucible is heated as strongly as possible, to frit and agglomerate the silicate 
of ^Idnm. On treating the ring and the cooled mass with cold water to remove 
soluble salts, the whole of the boric acid remains in the form of dystallised calcium 
borate, mixed with silicate, in the form of small semi-fiised grains or sometimes small 
crystals. The whole is easily washed, and may be weighed after drying. 

To complete the estimation, Jbhe mixture of borate and silicate of calcium is heated 
with nitric acid, the whole evaporated to dryness, and the residue digested with 
solution of ammonium nitrate, whereby the lime is completely dissolTed out, and may 
be estimated in the solution. The residue, after washing and calcination, consiata of 
pure silica, which may then be weighed. The weights of the lime and silica deducted 
from that of the mixture of borate and silicate give the weight of boric oxide, B*0*, 
in the original compound. 

If the substance to he analysed is not easily attacked by acids, it is calcined with 
excess of potassium or sodium carbonate, and the calcined mass is treated with hot 
water containing a little 8al*ammoniac : the liquid is evaporated to dryness, and the 
residue is digested with water, which leaves the insoluble bases together with a portion 
of the silica, the filtered liquid containing the rest of the silica, together with the 
whole of the boric acid. This filtrate is treated with hydrochloric acid to decompose 
the excess of alkaline carbonates ; the whole is heated to expel carbonic acid ; am- 
monia and calcium chloride are added ; the solution is evaporated to dryness ; and the 
anaWsis completed as above. 

To analyse a compound pr mixture of borates and fluorides, the solution of the 
substance in hydrochloric acid is treated with calcinm chloride and ammonia as above, 
the whole evaporated to dryness, and the mixture of alkaline chlorides and calcium 
borate and fluoride is heatm, whereby the calcium fluoride, which when first precipi- 
tated is gelatinous and very difficult to wash, is rendered compact and dense, so that, 
when the contents of the crucible are treated with cold water, the mixture of calcium 
borate and fluoride is easily loosened, and may then be washed, dried, and weighed. 
The mixed salts are next treated with a hot strong solution of ammonium nitrate, 
which completely dissolves the borate and leaves the fluorides. This latter is finally 
washod and weighed, and its weight deducted from that of the whole gives the weight 
of the borate. 

Finally, whether the salt to ho analysed is a rimple borate or a mixture of a borate 
with silicate or fluoride, the boric acid may always 1^ estimated in the form of calcium 
borate, and the same method may be applied in nearly all cases of the estimation of 
boric acid (A. Ditto, Compt, rend, Ixxx. 563). 

Fluoboric acid , — Accordinjll to A. Basarow {Bull, 8oc, Ckim. [2], xxii. 8), the 
so-dKiled fluoboric acid, HBO^.SHF, discovered by Glay-Lussac and Th5nard, and 
examined by Davy and Berzelius (i. 663^, has no existence. When water is satu- 
rated with gaseous boron fluoride and the bquid is subjected to fractional distillatfon 
in a platinum retort heated in an oil- bath, products are obtained, difiering in specific 
gravity and coiv position, according to the temperatures at which they distil. 1 o.c. of 
water at 0*=^ and 762 mm. pressure absorb# 1057 c.c.*af boron fluoride. 

The Jiuoboratee, usually described as de^nite salts, ^p^ also to have been 
nothing but mixtures. Thus the sodium salt, NaBO*.3NaF + 4HK), described by 
Berzelius, is resolved by fractional crystallisation sodium fluoride, neutral sodium 
borate, borax, and a translucent gelatinous mass which is insoluble in water, and dries 
up to a white cnrstaUine powder. Neither is it possible to obtain a definite flnoborate 
of silver. A solution of NaBO*+3NaP gives with silver nitrate the characteristic 
reaction of the borates — that is to say, a partly white, partly brown precipitate of 
silver borate and oxide. The attempt to prepare a fluoboric ether was likewise 
nnsuocessfhl. It may therefore be concluded that neither fluoboric acid nor its salts 
have any existence <J}eut^ Cham, Oss. Bar, vii. 1121). ' 

« 

MOMOm, OmOAWSO COMMUam or. Tr tally Ua Borate, or Bottc 
Tfiallylate^ B(00’H^)*. This ether is formed in small quantity when boron chlori^ 
is passed into absolute allyl alcohol, and more abundanUy when a mixture of boric 
oxide and alljl sdeohol is heated to 180^ in sealed tubes. The prodnet is a ookrarlcss 
mobile liquid having a toar-exeiting odc;pr, and boiling between 168^ and 176®. It 
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boms with s gmn flasaf , ud is constaoUj decomposed bp water, with s^^tioa of 
borie add (O. Coonoler, J>mt. 9k&m. Gm, jSsr. u? 48d). 


Derivatives of Triethylic Borate, — FrankUnd, in 1862, described the 
action of zinc-ethyl and zinc-methyl on triethylic borate, and showed that these 
organo-metallio bodies displace the ethoxjl (OC*HM by the organic radicle which they 
contain (ii. 625 ; ui. 986). Thus 

B(00«*)» + 3Zn(OH»)* = B(CH»)* + 3Za<^^i 

Boric ether. Zinc-nlthjrL Boric Zinc 

methide. methoothylate. f 


Further, that boric etbide, when cantioualy exposed to a slow current, first of air and 
then of dry oxygen, takes up 2 at. oxygen, forming boric etho-di ethyl ate, 
(C*H*)B(OC®H*)*, a liquid boiling with partial decomposition between 96® and 126®, 
but distilling unchanged under reduced pmsure. Bg contact with water this com- 
pound if easily changed into boric ethodihydrate, (C*H*)B(OH)*. Thus: — 


(C®H*)B(OC»H*)* + 2H»0 » 2C*H*OH + (C*H*)B(OH)*. 

Further experiments by Frankland {Ftoe, Roy. Soe, xxr. 166) hare led to the 
following results : — 

Doric ethide may be prepared by passing a current of the raponr of boric chloride 
through Line-ethyl — 

aZii((?H»)* + BCl» - B(C*H»)* + 3Zii<;^®*. 


Doric ethopmtethylatc, B*(C*Il‘)(OC*H*)*, is formed by heating 2 mola. of boric 
ether with 1 mol. of zinc-ethyl — 


2B(OC*H*)» 1 - Zn(C*H*)* « Zn(C*H*)(OC»H*) + B»(C*H*XOC»H»)». 

It is a colourless, mobile Liquid, boiling at about 112®, and condensing without 
alteration. Its vapour-density, taken between 114® and 120®, is 69 (H»l), which 
represents a 4-ToIume condensalion, indicating that the comjfionnd, in passii^ from 
the liquid to the gaseous state, is broken up into boric ethoaicthylate and boric tri- 
ethylate — or triothylic borate— 

BXC*Il»)(OC*H»)» « (C*H»)B(OC*H*)* B{OC*II*)». 

A eimiUr deportment is exhibited by ammonio-ljoric methide, NH*.B(OH*)*, which 
is resolved by heat into NH* and B(CI1*)*, the mixed vapour resulting from the de- 
composition haring also a 4-Tolume condensation. These decompositions, which are 
similar to that of sal-ammoniac, NII^Cl, into Nil* and HOI, together occupying 4 
vols. of vapour, render it probable that the compounds under consideration have a 
constitution analogous to tost of the ammonium-salts, and that boron, though usually 
triadic, may, like nitrogen, enter inte combination as a pentad. On this view the 
constitnlion of ammonio-lwric methide and diboric ethopeutetbylate may be repre- 
sented by the following formulae: 


NH* 

Amtnonio-boric 

metliMe. 


blboric 

ethopentethsrlate. 




Baric diciho^ikylatt^ (OTl*)*B(OC*H*), intermediate between boric ethide and boric 
e, is fon 

ethyl : 


ethodiethylate, is formed in large quantity by boiling boric ether witlv2 mole* of zinc- 


B(OC>H*)* + 2Zn(C?H*)* -• 2Zn<^^, + (C»H*)*B(OC*H*). 


When thus prepared it retiufils a small quantity of boric ethylate or of diboric 
ethopentetfaylate, from which it cannot he freed even by repeated rectification. It 
may, however, be obtained pure by distilling diboric etbopentetbylate with 3 mols. of 
zine-cthyb in an atmosphere of carbonic anhydride : 

+ 3Zn(C»H*)» - 3 Zii<q^^, + 2(0>H>)>B(OO>H>). 


This prodnet, when rectified, is a colouriees, mobile liqnid, ha^ng an ethereal 
odour and pungent taste, boiling at 102®, distilling nnehangedt a^ havmg (aulS^'.*^®) 
a vaponr-deosity of 66*6 (H » 1), indicating a normal 2-Tolnme condensation. It takes 
fire in the air and burns with a greenish flame. Exposed to dry air, and than to 
oxygen, it oxidises to boric ethodiethylate : 
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. Borie aJ^fydreUe, (0®*)*B(0]^, formed bj^ agitating boric diethoethylate inth 
irater, is a spontaneouBly infla^aunable ethereal liquid, Vhioh resembles boric ethide 
and is decomposed on distillation. 

Bone eiho-ethylate hydrate^ “ formed by exposing boric dletbo- 

hydxate in a cooled ressel to a slow current of dry air. It is liquid at ordinary tem- 
^ peratures, bnt solidifies below 8^ to a white crystalline body, smelling like boric ethide, 
and having a pungent taste. It is rapidly decomposed water into alcohol and 
boric ethodihyc&ate, according to the equation : 

(0*H*)B<q2®‘ + H*0 = C»H*OH + (C«H»)B(OH)». 

It is not spontaneously inflammable, and cannot be distilled under ordinary at- 
mospheric pressure without de^mpoaition. ^ 

BOnurOirXTB* A finely crystallised specimen of this mineral from the 
Herod’s Foot mine at Liskeard, in Cornwall, having a specific gravity of 6*826, has 
been analysed by 0. E. Wait (Chem, Ifews, xxviii. 271), with the following result; 

8 AS Sb Fb Cu Fe 

19-369 0*460 23*677 41*949 13*268 0*679 » 99*801. 

• 

On the Orystalline forms (ortho-rhombic) of Boumonite from Waldensteiu in 
Carinthia and Pribram in Bohemia, see v. Zepharovich {Jahrb./^ Min, 1876, 666 ; 
Chem. Soc. J, 1877, i. 683). 

See BEBTHOiXETTia (p. 322). 

BBJLXZXinr and BBBZX&BkJT. Brazilin, the colourless crystalline substance 
which is extracted from Brazil-wood, and turns red when exposed to the air in contact 
with alkalis, has, according to E. Kopp, the composition {2nd Suppi, 208), 

According to Liobermann a. Burg, on the other hand {Betit. Chtni, Gee. Ber, x. 
1883), its composition is and it gives with lead acetate a white precipitate, 

C**H’*PbO*+ H*0, which becomes rose-coloured when dry, gives off its water at 130°, 
and then becomes darker. .. 

AceiyUbrazilin^ C'*H*®(C®H*0)H3*, is obtained by heating brazilin to 130° 
with acetic anhydride, and when purified by recrystallisation from alcohol, forms 
white anhydrous needles having a satiny lustre, and melting at 149°- 161°. 

Chloro^br<Czilint C'*H”CTO*, and Bromo-bragilin^ C‘*H**Br*0*, are 
obtained by treating the aqueous solution of brazilin with chlorine- and bromine- 
water. 

If these results are correct, heematoxylin, C**H**0* the colouring matter of log- 
wood, is simply o:.^brazilin, and is related to brazilin in the same manner as purpurin 
to alizarin. According to E. Kopp’s formula, on the other hand, brazilin is r^ited 
to heematoxylin and resorcin in the nianner represented by the equation: 

+ ^H*0 « CWH*<0« + C«H«0» ; 

an^V. appears from Kopp’s experiments ^at resorcin is actually obtained by the diy 
distillation oPbraziUn. 

Braxllela, the red colouring matter produced by oxidation of brazilin in contact 
with alkalis, has, according to Liebermann a. Burg, the composition G'*H**0*, being 
formed from bi^Uin by abstraction of 2 at. hydrogen. The product formed in the 
first instance is a salt, from which the brazilein may be separated by acids, in the 
form of an amorphous violet precipitate, whicn acquires a fine gold colour when dry. 
Crystallised brazilein may be obtained by treating a hot aqueous solution of bnudlin 
with an alcoholic solution of iodine. Tbe crystals are grey, silvery, rhombic plates, 
which dissolve in alkalis, forming a purple-red solution from whicm the. brazilein is 
repreeipitated by acids. 

Another red colouring matter (also called brazilein) is formed from brazilin by the 
action of nitrous acid (Itoim, Beut* f^hem. Gea, Ber, iv. 333), also by oxidation in the 
air, in contact with ammonia, the ammonia being dcnbtleaa first oxidised to nitrous 
add, which then acts on the brazilin as above. The colouring matter thus produced 
eontainf nitrogen, and when purified by solution in potash, predpitation with hydro- 
chloric acid, and drying at 126°, has the composition C**H**NO** or N(C®H”0^. 

Adopting Kopp’s formula for brazilin, the formation of the nitrogenous colouring 
matter may m represented by the equation ; 

+ NO*H - C«H«NO« -I- 2HK). 



BREAD— BBOCHANTITB. 

It II related to brazilin, C**H%*, m the same tmoiner aiTueiaatela to hwnatoxyliiBf 
and phlorelD to phlotrogludn (k, Benedikt* Lt^'i Anmalem, clzzx. 100). 

SXSAHt Bespectii^^ the Betection and Eitimation of Alum in Bread, aea Aluv 
( p. 07). 

See Eijan< 


An amorphous arsenical rariety of this mineral (i. 810) 
called Arite, occurring, together with galena, blende, uUmanite and quarts, on the 
Ar mountain at the foot of the Pic de Ger, near Eaux-Bonnes, Dep. Basses FyrOnOee, 
has been analysed by F. Pisani (Compt. rend. Ixavt. 230) with the following 
reeultst — 

S As Bb Kl Zn Bp. gr. 

17 11*0 48*6 37 3 2*4 •i 101*5 7*10 

These numbers lead to the formula Ki(Sb,As). 

mXTTUi HSiVam OMI. See STapuAiOTB. 


amooBAWTrra cmoirv oi> mnnuiu (A. Schrauf, JaM. f, Min, 
1873, 859). The minerals of this group are isomorphous with malachite. Mono- 
clinic (aj^roximately). Axial ratio a : 6 : ocs 0*7797 : 1 : 0*4838. An^e 6 : cm 00^ 
32'. The more exact measurements of brochantito cannot be referred to Koksoharow's 
rhombic system of axes (Jahreab.f. Chcm, 1860, 785) ; and, indeed, the measuremento 
of the pyramids of brochantite of Bezbanya give %*alueB which point to the triclinie 
system. Twin-formation is predominant, as in the plogioclases. The following types 
cif brochantite have been examined by Schrauf: — 


l^fpe /. — Brochantite from Rezbanva. Triclinie. Axial system, a : b: e» 
0*810344 : 1 : 0*494643. There is a blackish-green variety not yet analysed, and 
a light-green variety containing 65*59 p.c. CuO and 17*5 »SO”. To this type bdong 
also the brochantites from Redruth in Cornwall, and of Gumoschewsk and Nischne- 
Twlsk in the UraL There are also indistinctly crystallised varieties 
(7^0.2S0*.6H*0) from several locahtios, viz., from Nassau ; from Iceland (krisu- 
vigite) ; Chile, Atacama, Mexico (brogniartito) ; Arizona, New South Wales, and 
Cumberland ; from Neu-Moldova, Orawicza and Kuss-Kitza in Hungary ; from Sanska 
in the Banat ; from Salzburg ; from Zellerfeld in the Harts ; and from Zlloba in 
Hnngary. 

7)fpe IL — Waringtonite from Cornwall (30uH’0’.Cu80*,H*0). Third variety 
from Rezbanya. Monoclinic? 


Type 111 . — From Nischne-Tagilslr: not analysed. Monoclino-tricUnic. 

T^IV. — 'Koniginn* from Russia. Ji'onrth variety from Rssbanya, 
3CuHK)*.CuSO^ Monoclinic or rhombic ? 

• 

amOBMJbt CBr*.CHO. On the formation of this compound, and its eombin^tion 
with bydrocyanic acid, see p. 63 of this vq^ume. On its reaction with see 

p. 169. 

When bromal is treated with potassium cyanide and alcohol, a large quantity of 
hydrogen cyanide is given off, and on addition of water, ethyllc dibromacetate, 
CHBr*.CO*0*H*, separates as a heavy oil, boiling without deempositibn at 192*’-! 86** 
(N. Bemi, Ikut, Chem. Gee. Ber, ^ii, 696). • 

• 

BMOmnuUkOAB* The micrographic and chemical characters of the textile 
Bbres of certain plants of this order have been examined by Schlesinger («/'. Pharm. 
Chim. [4], xviii. 161). The fibres of Billberyia Leopoldi are simple and regular in 
form ; their walls are Mrallel, and everywhere of the same thieknese. A cavity, 
which is nearly always less than half Uie diameter of the ceUule, is always present. 
The diameter of the fibres is small, varying from 6 to 13 millimeters, and their length 
is considerable, eo that the^r are specially suitable* for fine tissues. When seted upon 
by freshly prepared ammoniacal oxide of copper, the fibres undergo a carious change. 
Some of them swell out and turn round their own axis, forming ringlets and knots ; 
others puff out in an uudulatory manner, and, und» prolonged influent of the 
reaffent, lose all their cellular membranee, while their intenial membnmee are deoom- 
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BROMINE. 


seid slightly decomposes 'them* A solation of catgttie soda readily isolates the 
fibres. 

In Maorcohordum Tmdortm the fibres have a maximum diameter of abont^ 14 
millimeterSi and the length of the cellules is very small, varying from 2 to ^ znilh* 
meters. The ends of the cellules are rather bluiit. rarely pointed. As the fibres 
have not very thick walls, the cavity is large and sometimes occupies half^^e 
diameter of the cellule ; this, however, is iiregu^r, and gives to all the fibre an 
gularform. ' 

Ammonincal oxide of copper causes a great swelling of the fibre, without, howevA’ , 
<^ngiDg its form ; concentrated sulphuric acid dissolves it completely ; nitric acid t 
colours it yellow ; and a solution of caustic soda causes the walls to swell, so th 
the cavity is reduced to a small line, and sometimes disappears altogether. 


Bromide qf Hydrogen^ Hydrohromio aoid. — The direct formation > 
of this compound from its elements may be strikingly exhibited by setting fire to 
hydrogen gas which has passed over bromine ; thick fumes of hydrobromic acid being 
thereby produced (Merz a. Weith, JDeut, Ohem. Ges, Ber. vi. 1518). 

On the Heat evolved in the solution of Hydrogen Bromide in water, see 2nd Sup^l, 
634. — On the Constitution of Aqueous Hydrobromic Acid, and on the reciprocal dis- 
placement of Hydrobromic, Hydrochloric, and Hydriodic acids, ibid. 653. 

On the Heat developed in the action of Hydrobromic acid with the Oxides of 
Potassium, Mercury, and Silver, and in the decomposition by Water of certain AcM 
Bromides belonging to the Fatty Series ; see the article Hba.t in this volume. 


On the occurrence of Bromine in Apatite, see 2nd Suppl. 180. 

On the Affinity of Bromine for Hydrogen and Oxygen, as measured by the Hieat 
Combination, ibid. 606, 611, 612. J 

Impwritiee in Commercial Bromine. — According to Phipson (Chem. Nem, xxviiJL 
51), commercial bromine sometimes contains cyanogen, which may be detected by 
gr^ually adding to the bfomino an equal weight of iron filings mixed with 5 
of water, filtering rapidly, and leaving the liquid at rest. The whole of the cyanogau 
is then deposited in a few days as ferricyanide ,of iron. This reaction might em» * 
ployed in testing with pure bromine for cyanogen in steel. 

Bromoform, a frequent impurity in bromine, may be deteoted: (1.) By the quaiA 
tity of real bromine m saturated bromine- water prepared from the sample coming 
out too low. (2.) By the characteristic odour of bromoform, which comes out with 
peculiar distinctness when the bromine is added to a solution of potassium iodide, 
and the separated iodine is decolorised with sodium thiosulphate (^ymann, DeuL 
Chem. Gee. Ber. viii. 790). 


On a Compound of Bromine with Acetic acid and Hydrobromic tM3d,see Aciino 
ACID (p. 10). 

On the Detection and Estimation of Bromine {2nd 8u^l, 215, 675); see also 
In Ihis volume. 

On the use of Bromine in Hydrometalluigy, Assaying and Chemicid Technology, 
see R. Wagner (IHngl. pci. J. ccxviii. 251 ; ccxix. 644; Chem. Soc. J. 1876, i. 741, 
ii. 214). 


Reaction of JSromine with Hydrogen tMphide, — Dry sulphuretted hydrogen is de- 
composed by dry liquid bromine into hydrobromiciacid gas and clear brown liquid ' 
sulphur bromide. This liquid, after the deposition of the sulphur, was found to 
contain — 


While still saturated with HBr . 
After standing two days over lime 
After several months , 


77 per cent, of bromine ^ 

66 ,. y 

61 


Sulphuretted hydrogen acts very slowly on this liquid sulphur bromide, anddlnally 
produces a dark yellow solid mau, containing 18 per cent, of bromine 
with HBr ; after standing for one day over lime (during which sulphur 
esewe^ by sublimation), it contained 9*6 per cent, of bromine. 

The acrion of sulphuretted hydrogen on bromine dissolved in water is 
After the liquid is saturated at the ordinary temperature with hydrobromic aoidr the 
latter escapes in the gaseous state as fast as it is formed, the rate depending on that . 
at which the stream of hydrogen sulphide is pessed through the liquiA Hie aqueoaa 
solution formed at ordinal temperatures contained in a enbie centimeter — ' -0' 
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« 

r. After the flnt ^(dltnt reaction • *• • 1*06 gram of HBr 

U. After the addition of bromine, when the 

eolntion had become colonrleu . . 1*11 •« 

%1I1. After farther addition of bromine, and when 

again colourless • 1*IS „ 

Mn the last case 1 cubic eentime^r at 20^ weighed 1*762 grama, and contained — 

Water ...... 0*68 gram. 

Hjdrobromic acid . . , . 1*13 „ «« 64 per cent, 

Snlphoric acid .... 0'0d2 „ 

Tht sulphur bromide from below the liquid in HI contained, when dry, 60 per 
!: cent, of bromine ; after washing with water and standing for several days OTor lime and 
snlphnye acid, 56 per cent, of bromine. 

A continual stream of hydrohromie add gas and a concentrated solution of the 
gas may therefore easily be prepared by passing sulphuretted hydrogen into asolntion 
of bromine in water, till the water is saturated with hydrobroraic acid gas; on 
further addition of sulphuretted hydrogen, the hydrobromie acid gas escapes, and may 
lie absorbed by water in a rocoivor. The sulphur bromide may be docomnoKed by hot 
water, and the solution used again in the next operation to dissolye tne bromine. 
The only drawback in the preparation of hydrobromie acid in this way is the forma- 
tion of traces of sulphuric acid from the sulphur bromide. 

Berthelot supposed that the limited action of sulphuretted hydrtmn on iodine in 
presence of water is due to the formation of a definite hvdrate, HI + 4H*0 ; but, 
[.according to the experiments of Thomsen and others, no such hydrate exists at ordi- 
^^^psry temperatures (A. Kaumann, Dfut. Ckem, Bcr. ix. 1574). 

ji 3ri>mine Chloride, BrOl. According to Bornemann (Liehig*8 AnniUm, olxxxix. 
*0«). this compound is a red-brown liquid, stable only at temperatures below 
4; 10®. The hydrate, BrCl + 5H*0, described by Itowig, does not exist ; the crystalline 
nifilas formed by the action of water on bromine chloride, if indeed a definite com- 
ppttnd, has the composition BrCl4- 10H*O. 

^ Perhro mic acid, BrOUl, is forrr^ by agitating bromine with aqueous perchloric 
geid. The pofosstum su/f obtained by neutralisation is isomorphous with the corre- 
sponding pericxlate and perchlorate. The hariu7n lali is formed by mixing the aqueous 
illations of potassium perbrumato and barium chloride, and separates in crystals on 
addition of alcohol (Muir, Chem. Soc. J. 1874, 324). 


• CFfBr*. This compound may be prepared (like iodoform ^.v.) 
by the action of an alcoholic solution of ic^ine containing phenol on white precipitate 
(O. Rice, Cheni. Centr, 1876, 468). According to E. Schmidt {Dciit, Chem, Qu, Sir, 
X. 193) its sp, gr. at 14-6 U 2 775. ' 

Deoomporitum by the Copper-zinc Coup^.— When bromoform in presence of alcohol 
if brought in con^t with a couple having the (Copper in a finely divided state, reac- 
tion takes place In a minute or two, with almost <i plosive violence. With a coarse 
couple, a mixture of acetylene and methane is given off, bromethylate of sine rew^.in- 
ing in the flfek : « 

(a) CHBi» + 8C*H*OH + 3Zn « CH« + 8(C*H*O.Zn.Br) 

Ih) 2CHBr» 4- 3Zn « C*H* + 3 ZdBp*. 

The ratio of acetylene to marsh-gas tends to show that nearly two-thirds of the 
btomofonais decompoeed accorcKnu to the reaction a, the remaining third according 
to 6. A considerable quantity of the acetylene produced enters into combination as 
acebHfide of copper. 

With zine-foB in presence of alcohol, a temperature of 60° is required to start the 
xeaellNli, which than goes on rapidly, yielding also marsh-gas and acetylene, but the 
nmnl^gss is in much larger proportion than when the couple is used, and the whole 
of die acetylene formed is evolved as gas. 

hk pssaenoe of toaUr, the couple acts very slowly on bromoform at ordinaty tem- 
peta^ese^ ^th evolution of marsh-gne and formation of zinc bromide and oxyhimide. 
Ati6ji9t action ie more rapid, a^ a little acetylene is evolved, together with the 
ini J | p g as (Gladstone a. Tribe, Chem, 8oo, J. [2], xiii. 510). ^ 

. bn the Detection of Bromoform in Commercial Bromine^ see p. 350. 

This body, which Oahoun obtained l^the action of bromiiie 
on potaeslitm citrate and on dibromocitraeonic acid, has been regarded by Ooec and 
ypr tagerqiaick ae pentabro m o m ethyl acetate, CBr*.0*HBr*(>*. does, in fket, states 
^nat it can be formM by simply pouring baDtnsne on methyl acetate ; and, aamding 
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to Stoinor, it is fon&sd l>j the actioif of bromine on thui ether at 150^. ChrimanZj cm 
the other hand {Cimpt, rmd. Ixxviii. 1442), finds that bromine may be left in contact 
with methyl acetate for a month without the slightest action, and that at IdQ*" a 
reaction takes place, rrsnlting in the formation of methyl bromide and broi)i|acetic 
acid. Moreover, the production of pentabromomethjl acetate from citric add 'is im- 

S robable on theoretical grounds. Grimaux also dnds that bromoxafojnn may be |>ro- 
uced by the action of bromine on acetone, the product thus obtained being identical 
with that which is prepared from citric acid. Hence Grimaux regards bromoxaform 
as pontabromacetone, CBr*.CO.CHBr*. ^ 

B&OirU. See Coppbe, Alloys of. ^ 

BBOOMITBf TiO^ This mineral, hitherto regarded as rhombic, appears from 
the recent investigations of A. Schrauf {Jahrh.f, Min. 1873, 754; 1877, 403), to be 
monoclinic with rhombic habit. This character explains the complete isomoi^hism 
of brookite with wolframite, and, as in the case of the latter, several types of brookite 
may be distinguished : — 

I. a : 5 : c « 0-840289 : 1 : 1-0926735. 

Angle of inclined axes « 90** 35)'. 

To this type belong crystals from Tavistock and from Chamouni. Twins occur, 
having the axis of combination perpendicular to the orthopinacoid. Thd crystals 
exhibit numerous faces, the orthopinacoid predominating. Sp. gr. 4-16. 

n. a: b :c ^ 0*84693 ; 1 : 0-93796. 

Angle of inclined axes » 90° 39' 20". 

Crystals from Ulster ; here also occur twins combined according to the preceding law. 
Sp. gr. 4*21. 

III. a: b:c = 0-841419 : 1 : 0-943441. 

Anglo of inclined axes « 90° 6' 30". 

To this type belong most of the forms hitherto described as rhombic. Two twin-fon- 
mations have been established ; one (from Wales) with the axis of rotation perpendt* 
cular to ooi^QO , the other (from Russia) with the axis of rotation perpendicular to OP. 
Sp.gr. 411. 

Schrauf attributes these varieties to polymensm, and distinguishes sixteen forms 
of brookite, most of them exhibiting a great number of faces, and likewise refers 
arkansito and eumannite to brookite. 

The * dispersion ' in the plane of the optic axes exhibited by brookite is regarded 
by Schrauf as a further proof of the monoclinic character of this mineraJ. 

G.vom Rath, on the other ha.xid{Jahrb.f.Min. 1876, 201), infers from measurements 
of a remarkably fine crystal of brookite from the gold washings of Atliansk, near 
Miask in the Ural, that this mineral unquestionably belongs to the rhombic system. 
The crystal in question, 11 mm. Iv^ng and 4 mm. e:i^ibitB the combina- 
tion ooP . Poo . P . 2P . JP . 2Psi . 6PV * 2P4 . . JPoo . iPoo . 2Pa5> . ooPoo . 

00:^00 . OP. 

aBVen^B. This alkeloid crystallises in monoclinio prisms (£. 

Schmidt, Deut. Chem. Gea. Ber. x. 838). 

Conversion into Strychnine . — The formula of strychnine, C*'H**N*0*, may be 
derived from that of brucine by addition of 4 at. O, and elimination of 2HH), and 
2CO®, and this conversion is actually effi^ted by tlwe action of nitric acid. In fact, 
when brucine is gently heated with four or five times its weight of dilute nitric acid, 
the mixture becomes red, and carbonic anhydride is evolved. The red solution when 
concentratcHl on the water-bath, and agitated with ^ ether, after addition of excess of 
potassium hydrate, gives a red ethereal solution, which, on evaporation, leaves a red 
oolonring matter, a yellow resin, and a base. The latter, when purified by solution in 
acids and recrystaUisation, gives the characteristic reactions of strychnine, and is 
identical therewith. This conversion of brucine into strychnine is of especial interest 
in its toxicological aspect, for it wss found, on examining a mixture of lead nitrate 
and brucine for alkaloids by the Stass-Otto method (i. 125), that a base was isolated 
which gave the reactions of stiychnine and not of brucine. 

Oonfhrsely strychnine heat^ for several months to 100° in sealed tubes with a 
strong base, such as baryt^ potash or soda, yields besides colouring matters and other 
products, a compound which resembles brucine in its behaviour with nitric acid, and, 
moreover, has a ^wetful reducing action, separating silver and platinum from their 
salts in the meteilio state (Sonnenschein, JmU. Ckam. Gm. Bar. viii. 212). 6ee also ^ 
Sheustone (Pharm. J. Drans. [8], viii. 652,; Chem. 8oc. J. 1877, ii. 499). 
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J>eieeUom ^ Bmeine , — ^Jlceofding to BaiM^ CMr. 1872» 440X thtt i 

delioate test for braeloa is AagaDdoriTs modt^M aitrio add test, ^ mgm. broouis» 
duMolTsd in sulphuric add, givoa, vhon a drop of nitric acid is allowed to corns in 
contact with it in a watch-glass, at first a rose colour, then orann and lastly yellow. 
The 'red- violet colour which is caused by ad<htion of tin chloride or ammonium sul- 
phide is not distinct with less tban ^ mgm. of the alkaloid. 

Potassium iodide gives a kermes-colouied piecipitate, even in a solution diluted 
50,000 times. Potassiom-hismnth iodide gives an orange-red precipitate in a 5,000 
times diluted solution. The presence of st^rchntne does not affii^ the nitric acid test ; 
neither does cafiTeine interfere with the detection of brucine. 

* Struve {Zeitschr, anaL Ch&m. xii. 164) recommends the precipitation of brucine 
from mixed liquids by phosphomolybdic acid ; even small traces of this precipitate 
will give with nitric acid the characteristic reaction of brucine. 

According to J. H. Buckingham {Pkarm. Jl TVgns. [8], iii. 864), a solution ot 
amnwmium sulphaiomof^bdate recently prepared by hearing^ 8 grains of ammonium 
molybdate with two drachms of sulphunc acid, colours brucine brick-red. 

l^iickiger {Arch. Pharm. [3]. vi. 404) recommends m^reurous nitrate as a delioAto 
test for brucine. An aqueous solution of this salt (not containing free nitric acid) gives 
at first no coloration when added to the solution of a brucine salt. But if toe mixture 
is gently heated on a water-bath, a fine carmine colour is produced, which is very 
durable^ Strvehnine does not give this reaction, so that one part of brucine can be 
detectod by this means when mixed with ten to twenty parts of strychnine. The 
opium imd cinchona alkaloids, also veratrine, caffeine, piperine, are not coloured by 
mercurous nitrate, but albumin and phenol act in the same w^ as brucine. The red 
colour produced by phenol, however, soon passes into brown. Brucine may be detected 
in presence of stiychnine by evaporaUng the acetates to dry ness, strychnine acetate 
l^ing thereby decomposed, and yielding pure strychnine, while brucine acetate suffers 
little alteration. Cobalticyanide of potassium precipitates dilute solutions of the 
salts of strychnine, but not those of brucine. 

Hydroeulphidee of Brucine (E. Schmidt, Beut. Chem.»Oee. Ber. viii. 1267; x. 888). 
— Two of these compounds are formed by the action of hydrogen sulphide on an 
alcoholic solution of brucine, vlss.: 

a. Yellow prismatic needb^/* (m. p. aViout 126*^) formed on passing a rapid stream 
of the gas into a strong solution of brucine in alcohol (1 : 10). 

liuby-rod trichnic crystals (m. p. l6tP) formed after a while in dilute 
solutions. 

Schmidt at first assigned to these compounds the formule ; 

C«H**N*0\H*S* + 2H*0 ; C»H«N»0*.2H*S* ; 

Yellow. Red. 

but by decomposing in hydrochloric acid solution wTth arsenious add, and determining 
the quantities of arsenious sulphide and sulphur thereby precipitated (the process 
by which Hofmann analysed the correspondingstrychnine-compounds y. e.) he finds 
trat they oontrin not H*S^ but H'8*, and are repri^nted by the following formulas ; 

(C»H«N*On*H»S« + 6H* O ; , 

Yellow. ^ Bed. 

SVOaOMgni (F. Sandberger, Akad. Ber, 1872, 208 ; Jahrh, f MUu 

1878, 647). — A rock, belonging to the nephelenite group, ocourring on the Oalvurien- 
beig, near Poppenhausen on th>* Rhon, on the Steinberg near Sinshe]|n in Baden, and 
in otoer locabties, usually as a ^rk grey, ^fine-grained mass, in which are imbedded 
very thin laminas of a micaceous minem, giving to the whole the appearance of 
porphyry. Kxamination with a lens shdws also : white substances, some which have 
a fiMy lustre ; black, highly lustrous hornblendes ; and magnetic iron ore, often in 
wdl-aevelo|^ octohedrons. In other very fine-grained portions, which have under- 
gone alter^ioD and have a blue-black colour, the same minerals are seen only after 
etching with add, or in microscopic sections ; then, however, augite and tricUnie 
felspars also come to light, but in much smaller crystals than the wmch. and hom- 
blei^. All the sections likewise exhibit hexagow and needle-shaped eiystals, 
mostly imbedded in the mica, which give the reactioDB of phosphoric acid, and donbt- 
less consist of apatite. 

In the variety from Poppenhauseo, and less fr^uently in that from Ainsbeim, 
there occur coarse-grained masses free from magnetic iron ore, but oontainiiig horn- 
blende in long prisms or radiating tufts of a raven-black colour ; nepbeline having a 
faiut fatty lustre ; orthodase and mica ; occaskwally also aparite and plagioclass ; 
difysolite occurs sparingly in the Poppenhausen variety, mors abundantly in that 
from Sinsheim. The mica fbrma blsdt-lnrown hexagonal tables baring almost a 

A A 
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▼itreoua lustre; it contains •large qiy^ntities of ferrous and ferric oxides, but little 
alumina and magnesia, and much potash. 

Buchonite is distinguished from nephelenite by the abundant and constant 
occurrence of hornblende, and of a mica which is ifot identical with biotite (true 
magnesia mica). Only the yariety from Sinsheim has yet been analysed quantita- 
tWely, by C. Gmelin {Jjconhard! s Beitrage^ i. 86), wiio found it to be composed as 
fbllows: 

a. Gelatinising portion; 6. Non-gelatinising portion ; c. Total constituents, accord- 
ing to Both's calculation : 



SIO*. 

AlKy. 

FeO. 

MgO. 

CaO. 

K"0. 

Na*0. 

H*0. 


a, . 

35*91 

18*45 

28*98 

3*13 

4*02 

2*41 

5*34 

1*23 

« 99*47 

6. . 

63*82 

12*96 

14*68 

4*13 

4*14 

— 

— 

— 

« 99*72 

e . . . 

, 61*42 

16*39 

21*04 

3*68 

4*09 

1*07 

2*37 

0*55 

= 99*61 


Phosphoric acid, chlorine, and titanic acid were not determined. 

Tile gelatinising is to tlie non-gelatinising portion in the proportion of about 
3:4. 

The analysis is sufficittnt to show the difTeronco between buchonite and the 
nephelinite of the neighbouring Katzonbuckel, this difference being most conspicuous 
in the amounts of iron and alkali. 

The medium-grained variety from the Calvarienberg at Popponhausen has been 
analysed by K. v. Gerichton. Its specific gravity is 2-86. Its proximate constituents 
are nephelin, partly in course of transformation into natrolito ; hornblende ; a 
micaceous mineral ; magnetic iron ore ; tricliuic and orthoclastic felspar ; apatite 
and augite. A largo portion of it (40*73 p. c.) is decomposed by hydrochloric acid, 
with very distinct separation of gelatinous silica. This portion is therefore to the 
undecomposible portion in the ratio of 2:3, whereas in the Sinsheim rock this ratio 
is 8 : 4. The residue of the treatment with hydrochloric acid contains, after the 
silica has been removed bj^ sodium carbonate, a very small quantity of augite, 
transparent colourless orthoclastic felspar, and a small quantity of triclinic felspar. 
Quantitative aualysis gave : a. Portion soluble in hydrochloric acid (calculated to 
100). 6. Insoluble portion (calculated at 100). , c. Total constituents — 



810*. 

P*0*. 

Fo*0*. 

A1*0*, 

FeO. 

OttO. 

argo. 

K*0. 

Na-O. 

H*0- 


a . 

33*19 

1*50 

14*80 

9*37 

11*56 

9*84 

2*78 

2*16 

12*08 

2*77 

« 100*06 

b . 

54*64 


14*46 

10*68 

2*34 

7*15 

0*44 

5*25 

5-04 

— 

« 100 

c . 

45*84 

0*66 

14*32 

10*18 

6*42 

8*40 

1*47 

3*66 

8*77 

1*21 

=» 100-83 


The small amount of magnesia and the large amount of iron in the insoluble 
residue show that the ixK’k contains, not basaltic hornblende, but a hornblende rich in 
iron and poor in alkalis, like arfVedsonite. and tlie hornblende occurring in the sircon- 
syenite of Brovig. Orthocluse occurs abundantly in the residue, and is an essential 
couslitnent of the rock. ‘ 

Notwithstanding the diflerencti of mineralogical character, the total result of the 
ant^'sis of buchonite is very much like that which Kosenbusch obtained for the 
porpliyritic nephelenite of the KaUenbuc^fl {Jahrbtich. 1860, 47). 

XVOKir* The leaves of several spocios of Baro9ma growing at the Cape, known 
as buchu loaves, contain an essential oil, which, by long exjMsure to the cold of 
winter, yields » well-crystallised camphor melting at 85** and beginning to sublime 
at UO®. It dissolves in carbon bisulphide, nndP crystallises therefrom in fine 
needles. The oil poured off from the camphor of Barosma hetulina does not boil 
below 200”, and after rectification over soda answers to the formula C**H*K>. 
The crude oil turns the plane of polarisation to the^left (Fluckiger, Pharm. J. 2Vyi9u. 
[8], iv. 689). 

A bustamite from K^zbanya in Hungary has been found by 
L. Sipdez (6fm. 1873, 8) to contain : 

Bl(>* Al"0*. FWl. UnO. MgO. CsO. 

47*44 1 17 C*54 2318 1 16 21*02 « 100*46. 

« 

SUYAira, On the uitro-derivatives of butane, see NiTROpARaFFtifa 

under PauaFrins. 


Tntmg /cr AdulteraiionB , — Hoorn {ZeUschr. anai, Chem, IS72, 

348) agitates the melM butter in a glass tube, narrowed end graduated in the 
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lower Uiird of iU lengthy with i^trolenni-e^er 0*®0; m. p. 80®-110®). 

The imparities (water, &c.)^heii sink down to the lower pert of the tube, where 
their amount can be read off, while the Ihttj matters are dissolved by the petroleum 
ether. 

See also J. Campbell Brown (Ckem, zxviii. 1 18, 31, 39, 42, 67t 69). 

J. W. Catehouse (OAam. N^, xxrii. 297) describes a meth<kl of detecting the 
adulteration of butter with other hits, depending on the insolubility of potassium 
stearate in alkaline solutions. The butter is first boiled with water, and aaponifiod 
at a high temperature with half its weight of solid potassium hydrate. If the butter 
is pure, the mass will have a ^nt yellow colour ; if adulterated, it will mostly be 
blsck. The temperature must be kept above 200® C. for a few minutes, otherwise the 
stearate form^ will not be insoluble in the alkaline liquid. The saponified mass is 
repeatedly boiled with water till the entire quantity of liquid oxceods 200 c.c. Part 
of this solution is poured into test-tubes, and its appsaranco observed. If it exhibits 
oJily a^fidnt opalescence, the butter is pure ; in the* contrary case it is impure, the 
turbidity of the liquid increasing with the degree of impurity. 

A method for the complete analysis of butter is given by A. H. Allen (Chem, Newjt, 
axxii, 77). The amount of w*ater is determined by drying a weighed quantity of 
the butter at 110®-120® ; that of fat, by exhausting the dried butter with petroleum. 
This leaves undissolved the casein and salts, together wdth any amylaceous substances, 
such as*putataes, flour, &c., that mav hare been a<klod ; these may then bo further 
examined. A good unadulterated butter contains, on the average, 86 per cent, 
of fat. If the amount is less tliaii 80 per cent, the butter may he regarded os 
adulterated. 

Butter- fat diifers from ordinary animal fats, such as beef or mutton suet, in con- 
taining the glycerides of volatile fatty acids (butvric, caproic, caprylic, Ac.), in 
addition to thoM of the fixed fatty acids, stearic, palmitic, Ac., whicn are the only 
acids present in suet and lard. In 117 samples of butter from varioiis sources, 
analysed in the laboratory of the Board of Inland Revenue,* the proportion of fixed 
fetty acids was found to vary from 86*50 to 89*90 per cent., whereas beef suet gave 
96*91 and fine lard 96*20 per cent. 

The proporiion of volatile acids in butter may be determined by saponifyinff the 
purified fat with potash, and dec<.>mpo.*iing the resulting soap with sulpnuric acid, in 
presence of a quantity of water sufficient to dissplvo the whole of the volatile fatty 
acids thereby set free. The total amount of free acid in the aqueous solution is 
estimate^ in a portion bv standard soda, and calculated as a measured 

portion is then precipitated with barium chloride, and from this the total amount of 
sulphuric acid actually present in the liquid is calculated. Another portion is 
evap»orated to dryness ; the resiilue is heatea in a covered platinum crucible till it 
ceases to fume ; finally, with addition of ammonium carbonate; and the thus 

formed is calculated to H^O*, which gives the combined sulphuric acid. From these 
data the free sulphuric acid is obtained, and this deducted from the total amount of 
free acid gives the free acid other than sulphuric acid in the solution ; this amount 
may be calculated to butyric acid fJ. Muter, Anahf^t, 1876, p. 7 ; Chem. Soo. J, 1876, 
i. 233). 

This method, however, like all others that have been devised for the direct esti- 
mation of the fatty acids of butter, takes up a considerable time, and is somewhat 
difiScult of execution. An easier method is aff(>rdod by the determination of the 
specific gravity of the butter- fat, which for the most part increases veiy regularly 
as the proportion of fixed fhtty Jpnds in the butter dmiinlsbes. This may be seen 
from the following table (p. 3 m), extracted from the report above quoted on ex- 
periments made in the Inland Bo venue' laboratory. 

The correspondence between the specific gravity of the fata and the percentage of 
fixed fatty^ acids, m shown by the table, is in fact close enough to admit of the 
determination of^ either number from the other within a few tontlis of the whole. 
The slight variations observed in some cases are probably due to the fact that the 
several fixed fatty adds are not always present in diffiurent butters in exactly the 
same proportion. ^ 

The specific gravity of ordinary animal flats varies from 902*83 to 004*66, whereas 
that of butter-fat, as seen fipom the table, rarely &lhi below 910, the usual range ^ng 
from 911 to 918 (water 1000). % 

A method of fiscilitating the deUnninatlon of the spedfle gravities of melted fate 
is described 1^ C. Estcourt (Ckem, Newt, xxxiv. 264), 
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Specific Gravity, Mating J^aint, and^ereentoffB of Fise^ Fatty Acids m Buttsr-fat, 


Spedfle gravity at 
100“ P, (waters 
1000} 

Ifeltlng 

point 

Fercentage of 
fixed fatty 
adds 

913*89 

87'6° 

'' 86*50 

012*70 

88*5 

86*00 

912*89 

88*5 

86*45 

912*69 

89 

88*60 

910*91 

91*5 

86*79 

912-39 

89 

86*87 

912*23 

88 

86*87 

912*51 

89 

.* 86*90 

912*08 

90 

86*92 

91201 

90*5 

86-96 

912-39 

92 

87-01 

912*44 

89*6 

87*14 1 

912*28 

87-5 

87-20 

912-28 

87*8 

87*30 

911*90 

89 

87-30 

911*48 

90*6 

87-36 

911*60 

92 

87-40 

912*08 

89 

87-42 

912*03 

90*6 

87*42 

911*40 

89 

87-60 

911*50 

93 

87-61 

911*74 

91*5 1 

87*60 

911*79 

90*6 1 

87-65 


Bpeoifio gravity at 
100® P. (waters 
1000) 

I 

Melting 

point 

Percentage of 
fixed fatty 
adds 

911*47 

90® 

87*66 

911*60 

92 

87-74 

911*41 

02 5 

87*79 

011*29 

90 

87 90 

910*78 

90 

88*00 

911*79 

90*5 

88*05 

911*34 

93 

88*12 

910 80 

92*5 

88-17 

910*63 

93 

88f*32 1 

910*93 

92 

88*35 ! 

910-94 

92*6 

88*40 j 

911*06 

93 

88*42 

910-85 

92*5 

88*46 ; 

910-91 

90*5 

88*46 i 

910*85 

92 

08-62 1 

911*79 

90*6 

88*65 i 

910*65 

92 

88*74 

910*19 

92*6 1 

88*76 

910*14 

92 

88*90 

909*87 

92*5 

89*15 

909*39 

96 

89*80 

909-37 

94*5 

89*90 


amnrzi aiiOohom jkvm mmwMm . i . Nohmal Priicary Com- 
POUKD8. rCrabowflky a. Sayteeff, Cho^, Gbs. Ber. 1873, 1256; Qrabowsky, 

lAeb, Ann, olxxv. 348.) 


potnssiu 

0® and _ ^ ^ , 

converted into buty 1-sulphoni c acid, the barium salt of which, (C*H*SO')*Ba + H*0, 
crystalliseB in transparent offloroacent plates. 

Butyl Sulplildle* (C^H*)^S, prepared in Mko manner with potassium mono- 
sulphide, boils at 182"^, and has a sp. gr. 0*852^ at 0°, 0*8386 at 16*^, compared with 
water at 0*^. 

Butyl Ozyaulplitde« (C*H*)*S<t, is formed by treating the sulphide with nitric 
acid uf sp. gr. 1*3. The action ^ energetic, oven at ordinary temperatures, but to 
cortHploto it, the mixture should bo finally treated for a short time on the water-bath. 
The product, when cold, is diluted with water, and the oily la^er removed by agita- 
tion with ether. The ethereal solution is i^ext washed, first with water, then with a 
dilute solution of sodium carbonate, and again with water, after which the ether is 
removed by distillation. The oily residue, when allowed to cool, solidifies to a crys- 
talline moss, which must be dried over sulphuric aei^, and the liquid portion removed 
by draining. The butyl oxysulpAide thus obtained crystallises in needles, which melt 
at 32*^, and are decomposed by distillation. It is insoluble in water, but easily solu- 
ble in alcohol and ether. ^ 

ButyUulphone, is prepared by slowlpr oxidising normal bu^l sulphide 

with fuming nitric acid, and, when the reaction is complete, evaporating on the 
water-bath until the excess of nitric acid is completelv removed. The residue is 
dissolved in ether, and washed, first with dilute soda-solution, then with water. On 
evaporating the ether, an oily liquid is left, which solidifies to a mystsUine mass when 
dried over sulphuric acid. To purify this, it is pressed between paper, and recxys- 
talUsed fkom alcohol, with addition of animal charcoal. It crystallises in plates, 
which ntelt at 43*6^, and are easily soluble in alcohol and ether. Both the oxide and 
the sulphone yield the normal mercaptan by reduction (Grabowsky). 

2. IsoPRiXAUY CoMPouwns. XaoMtyl aleoBol* CH(CH^*.CH*OH, » 
converted by oxidation witli chromic acid mixture into isobutjrie acid and aldehyde, 
isobutylio isobntyrate, acetone, carbon dioxide, and water (Kraemar, Bemt, CAem. Gee. 
Bcr, vii. 252). Kraemer regards the acetone as a direct product fii the oxidation of 
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the iflobntyl alcohol ; hut aceacdioff to £. Schmidt isOl), it should rather he re- 
garded as formed by further oxidation of the iaobutyrio acid formed in the first 
instance. It has in &ct been, shown by PopoflT (Zsr^Ar. f, Chem. 1S71> 4^, that 
acetone is actually produced by oxidising isobutyric acid with aqueous chromic acid 
at 140^-160** in sealed tubes f ssud this statement is confirmed by Schmidt, who has, 
moreoyer, obtained considerable quantities of acetone by heating isobutyric add with 
chromic acid mixture to 00*’*-10U® in such a manner that the rolatilo products may 
distil olF. 

Zaobntjl BromldOv GH(CH*)*.CH*Br. This ether heated in sealed tubes is 
gradually coDTorted into tertiary butyl bromide, the result being broi^ht 

about by a series of deoommitions (into HBr and isooutylene) and recon^mations 
(dissociation and associatioii) going on simultaneously. On heating sealed tubes con- 
taining isobutyl bromide in the vapours of vaHous npenmo ethers boiling between 

2171^ fAlH if - /1\ iViA AnnvArainn ia nflpM'tAfl llAt.WAAn 9 1 3** And 2S0^ : 


one-fifth of the total quantity employed. The rate of conyersion depends upon the 
temperature. At 250" the limit is reached in an hour or two, or less ; and since 
tertiary butyl bromide is gaseous at that temperature, the volume of the liquid gradu- 
ally dinfinisnes until (in most cases) the whole is vaporised, oven when the free 
space above the liquid is but amali. 

On determining the vapour-density of the bromide by Dumas' method, at various 
stages of the process, it was found to begin to be abnormal at a temperature between 
213^ and 230^, coinciding therefore with the temperature at whi^ the conversion 
into the tertiary bromide takes place. 

By heating equal volumes of amyl bromide in tubes of Uie same diameter, but 
of different lengths, it was found that the rate of conversion depends upon the amount 
of free space above the Liquid, whence it appears that the convenuon takes place 
chiefiy in the vapour (Cllketoff, J)eu(. Chem, Gc$. Ber. vi*l. 1244)» 

Xaotontyl CarliOMtea Md Tliieoarlioiiatea (Mylius, Deut* Chem, Ges, Ber, 
V. 972). laobufyl ChUnrocarbotwtet is formed by saturating isobutyl- 

alcohol with carbon oxychloride. It is a liquid, ^resembling the ethyl-compound, and 
distilling with much decomposition at 130'’-14U‘’. With ammonia it yields ieobuiyl^ 

^ I CO, a solid melting at 55® and boiling at 206®-207®, not at 
220®, us stated by Uumann, who obtained it action of cyanogen chloride on 

iHohutyl alcohol. CO, obtained by mixing ethereal 

solutions of the chlorocarbonato and aniline, crystallises in soft white needles, melting 
at 80^ and boiling at 216®, a small portion being resolved into the alcohol and phoned 
cyanate. It is readily soluble in ether and alcohol, Imt sparingly in water. The corre- 
sponding tolyl derivative, obtained from liquid toluidine boiling at 198®, is an oily 
liquid, toiling with partial decomposition at 275®-280®. • 

Poiaeeium I eobuty Ixanihatet Ksl^’ addihg carbon di- 

sulphide to a solution of potash in isobutyl alcohol, cryi^Uises from alcohol in 
yellowish-white needles, and is resolved by destructive distillation into carbonic 
oxide, isobutyl sulphide. The^odttfm eaU is a similar body, which is vexy freely 
soluble in water, alcohol, and a mixture of ether and alcohol, 

Eihylio leobutylxanthate, ** obtained by heating the potassium 

salt with ethyl iodide to 1 00®. It is a yellow limiid toiling at 227®- 226", haying a dis- 
agreeable smell and a taste like that of aniseed. By the action of isobutyl io^e on 

the potassium salt, ieobuiylioieobtUylxanthaie^ Pi'^ticed, a liquid toiling 

at 247®-250®, and having a sp. gr. of 1*009 at 12X The correspondiDg amyUether is 
formed only at 140®. ^t toim at 266®-270®, with decomposition, being partly 
resolved into carbonic oxide, and the sulphides of amyl and isobutyl, 

leahuiyl Biaxythioearhonute^ (C*H*O.CS)*8*, is obtained as a yellow heavy 
oil when chlorine is passed into an aqueous soluUon of potassium isobniylxantbate. 
By the action of sodium, it is converted into sodium isobntylxanthate ; and when 
ammonia is passed into its ethsoreal solution, it yields the mmirmiphuTeitedf wreikmet 

^^^|CS, esystajiising from alcohol or ither in large, yaUowish-white rbombie 
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pl^B, melting at 36^. On ^distillatien, the greater pogblon is resolved into cyanic 
acid and isobutyl mercaptan. 

^ When ethereal solutions of equivalent quantities^of aniline and isobutyl dioxy- 
thiocarbonate are mixed, the liquid becomes warm, sulphur separates out, and on 
evaporation a residue consisting of a mixture of isobu|yl phenylthiocarbamate and di> 
phenylthiocarbamide is left behind. In this reaction first the semisulphuretted urethane, 

C*H*NH I formed, together with aniline isobutyl-xanthate ; the latter compound 

easily splits up into aniline, carbon sulphide, and isobutyl alcohol, and the aniline thus 
set free transforms the urethane into the thiocarbamide. 

To prevent the action of aniline on the urethane, the liquid has to be kept cold, 
and, as soon as the separation of sulphur ceases, a quantity of hydrochloric acid must 
be added, sufficient to neutralise half the aniline employed. The phenylnrethane 
thus produced melts at 75®, and'haa a bitter taste and agreeable odour. It ^iinot 
be distilled without decomposition, but evaporates completely on a water-bath. 


teobntyl Oxalate, (C^H»)^C^O% is easily obtained by distilling a mixture of 
oxalic acid partly deprived of water, and anhydrous isobutyl alcohol. It is a very 
clear, colourless liquid, insoluble in water, but miscible in all proportions with alcohol 
and ether. Its sp. gr. is 1*002 at 14®. i^iling point 224®— 226®. A boiling solution 
of potiwh decomposes it rapidly, furnishing an oxalate, but with a limited quantity of 
potash it gives •pota9»i%vmri»ohutyl oxalaie^ (C^li*)KC*0*, Similarly excess of ammonia 
gives rise to oxamide ; but an alcoholic solution of ammonia, added gradually, con- 
verts it into iaohutylic oxamaie, CO(NH*)(OC^ll®), which crystallises in fine prisms 
(Cahours, Compt. rend. Ixxviii. 1403). 

Saobutyl Ortl&oailicxte, (C*H*)^8iO*, i.s prepared by adding gradually 4 mols. 
of isobutyl alcohol to 1 mol. of silicon tetrachloride contained in a retort, and sub- 
mitting the product to distillation. The pure ether boils between 266® and 260®, 
and its sp. gr, is 0*953 at 16®. It is decomposed very slowly by water or by contact 
with moist air. * 

Silicon chloride reacts upon isobutyl orthosilicate, probably forming chlorbydrins, 
which have not yet been investigated (Cahours, loc, dt.) 

Zaolintyl Bulplilde, (C*H*)^S, is a light liquid smelling like other alcoholic 
sulphides, and boiling at 172®-173®. * Nitric acid converts it into isobutyl dioxy- 
Hii Iphide, (0*H®)*SO*, which is almost insoluble in water, freely soluble in alcohol 
and ether, and crystallises in needles melting at 41® and resolidifying at 30*’ (Grabowsky 
a. Saytzeff, Liebig' e AnnaleUt clxxi. 261). 

Xsolmtylaalplioiilo sMsid, CH(CH*)*.CH®.SO*H, is obtained by oxidising 
isobutyl mercaptan with nitnc acid of sp. gr. 1*30 ; at tliesame time an oily compound 
is formed, which, however, is not the chief produAb of the reaction, the quantity of it 
being smaller as the mercaptan is purer, that is to say, in proportion as it contains 
a smaller quantity of isobutyl sulphid*. 

By decomposing the leM salt^of isobutylsulphonic acid with hydrogen sulphide, 
anj^vaporating the solution on a water-bath, isobutylsulphonic acid is obtained as a 
syrupy liquid, which, in a vacuum over sulphuric acid, changes into a crystalline 
magma. The Salts of this acid are all eiftremely soluble in water. Silver Uo^vl- 
eulp^nate, C^ll*S0*Ag, forms crystalline scales which are not acted upon by light. 
Barium isobutgleulphonate, {C*H*SO*)®Ba, is precipitated from a concentrated aqueous 
solution by alcohol in thin white needles. The copper salt forms soft sea-green scales. 

Metallic Xaoba^lidea (Cahours, (hmpt. rtn^. Ixxvii. 1403). The aluminium 
compoutid, Al(C*H*)*, is formed by the action ef aluminium on mercuric isobutylide 
(ifl/ra). It is a colourless liquid which fumes in the air. 

Mercuric Isobutglidet Hg(C'‘H®)®, is obtained by treating a mixture of isobutyl 
iodide and ethyl acetate with a 2 per cent, sodium -amalgam. The action of water on 

resulting pasty mass causes the separation of a heavy liquid which yields mercuric 
iMbutylido on rectification. The piquet is a colourless refractive liquid which 
distils between 206® and 207®. I/« sp. gr. is 1*835 at 16®, It is soluble in water, 
^oohol, and ether. Acted upon by bromine or iodine, it yields mercuric bromo- or 
iodo-butylida, and these compounds heated with oxide of silver and water give the 
correspoMin^ basic hydrate, Hg(G®H*)HO, which crystallises by evaporation over 
sulphnrio acid. 

leoiuiylides . — Isobutyl iodide, heated for a few houm to 100® with an 
alloy of tin and sodium, forms stannic tri-isobutyl iodide, as a 

yellow oily liquid, which boils between 292? and 296®, and has a sp^ gr. • 1 *64 at 16®. 
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Distilled from moist potash iL gives iodide of gptassium%iid a ^tillate eomristiiig of 
a colourless, viscid iK^uid wnieh gradually concretes into a solid but not distiiketly 
ecystaUine mass. This oxide has a strong alkaline reaction, and neutralises acids, 
forming salts vrhich generally crystallise readily. In the reaction between the^ butyl 
iodide and the sodinm-zinc ^oy, a very smidl qunntity of a crystalline body is pro- 
duced, which is probably Sn(C*tt*)*I*. 

Zinc Uobui^lidet obtained by the action of zinc on the mercuric compound, is a 
colourless, fuming, inflammable liquid which boils at 186*^-188^. Water aecompoees 
it violently. The trichloridea of phosphorus and arsenic react with it energetically, 
producing phosphines and arsines not yet examined. 

Powdered arsenio acts upon isobutyl iodide at 175^-180^, giving rise to a reddish 
crystalline compound of arsenic iodide and tributyl-arsine. 

SncoNDAiiT Bvtti. Compounds. Saoon4%rT Xatgrl 4Uooliol,or Bttijrl* 
• CH’* > • * 

matlayl Oarblnol, [ CHOH, is produced by the action of ethyl formate on 

a mixture of zinc-ethyl and zinc-methyl, — or Initter (as in the preparation of diethyl- 
carbinol, p. 78), by gently heating a mixture of 1 mol. oth}*! foriniite, 2 mols. ethyl 
iodide, and 2 mols. methyl iodide, with granulated zinc and a zinc-sodium alloy, 
whereby the zinc-compounds of methyl and ethyl are produced in the nascent state, 
and then acted on by the formic ether. The reaction, whitdi is energetic at first-, is 
known to bo terminate when the contents of the flask solidify to a brown crystalline 
mass. It takes place in two stagt*s, viz. ; 

(1). HCO.OC*H‘ + 

- z»5oo*h* + 

The product, added to a mixture of ice and water, is decomposed in the manner sJiowo 
by the equation : 

^,2I|cH.ZnOC«H» + 2HOU - Z n*(OH)’ + C’H* + 

To purify the othyl-mothyl carbinolthus obtained, it is distiUiMl with hydrochloric 
acid; me distillate, as in the preimrafion of diethyl carbinol, is collected in two por- 
tions, and the butyl alcohol is sejmmted from the aqiioous liquoni by potassium 
carbonate, and converted into the corresponding iodide by gaseous hydrioflic acid. 

This iodide, g^,^CHl, boils, after fractionation, between UO'^ and 120^, and the 

methyl-ethyl carbinol prepared from it by digestion with lead hydrate and lUiter, 
distils at 08®“100®, The alcohol g/adnally oxidised with chromic acid mixture 3rieldB 
methyl -ethyl ketone, CH*.CO.C*H*, boiling at 80®, together with acetic acid 
(KaDDonikoff a. SaytzefF, Liebigs AnnaUn, olx#r. 374^ ' 

Secondary Bntyl Btl&ePv or Stb^*metliyl Onrblnjrl Ojdde» 

— O — , prepared by tho^ action of zinc-ethyl on etbidene*%xy- 

chloride, CH* — CHCS— O— CHCl — CH*,Jn etherfial solution, and purified by frac- 
tional distillation, boils between 120® and' 122®, and is converted by heating with 
faming hydriodic acid into the corresponding iodide, (C’H^)(CH*)CHI, which boils at 
117**-118® (Kessel, Deut. Chem^ Ges, ncr, vii. 291). * 

Soeoadsry Bmtjl SSormaptam prepared by cngesting the cor- 

responding iodide (from crythnt%) with an aloohoUe solution of potassium sulpbyd rate, 
is a mobile liquid smelling like asafmtida, boiling at 84®-85^, and having at 17" the 
sp. gr. 0*8290. On mixing its alcoholic solution with mercuric chloride, a white 
amorphous precipitate is formed, which ciystnllises from boiling slocdiol in grsaiy 
scales melting at 189®, and consistingof (C^il*8)*Hg. The sitwr mercaptidet C<H*8Ag, 
is a similar body, forming very small and slender needles. The copper oompovnd is 
a yellow precipitate, which is easily decomposed ; the lead eatt forms a yellow one* 
tuous mass* 

S eco ndary B% iyleulpKide^ is a mobile liquid boiling at 1 hav- 

ing an alliaceous odour ; its sp. gr. is 0*8317 at 23®.^ By the action of methyl iodkle* 
it is not converted into dibutyunethylsulphiao iodide, but sufifeni completo decom- 
poritioD, yielding a erystaUine aoli^ probatdy trimethylsulphine Iodide, Msides other 
products (S. Baymann, Bted, Ckem. Ges, Ber, vii. 1287). 

3. Tuktiab^ Buttl-compookps* Several ways of produciflg thoee ccmbp 
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I from Mobutyl ooitootindfl been mentiqped in the "Ind 

. 219-221) : thus iaobutj&ne (from isobuM iodide) unites with faydriodio, hydro- 

oric, or sulphuric add| {troducing trimethyl-oarb}iiyl iodide or chloride, or tri- 

methyl-carbin^^-sulphuric acid : e.g, 

(CH»)*C=CH» + HOI » (CH«)«0--C1, 

and isobutyl iodide is converted by iodine monochloride into trimethyl-carbinyl 
chloride : 

(CH»)*OH— CH*I + ICl = I* + (OH*)*C— a. 

In like manner, isobutyl chloride may be converted into trimethyl-carbinyl iodide, 
or chloride by the action of hydriodic or hydrochloric acid : thus — 

(CH»)*CH~d3H*Cl + HI =* HCl + (OH»)«C— I; 

and this reaction may accounti^'for the supposed production of tertiary butyl ^Icohol 
in alcoholic fermentation which has been observed in some instances. Thus BuUerow 
Annalent cxliv. 34), in preparing isobutyl chloride from commercial butyl 
alcohol, found that it was mixed with tertiary butyl chloride ; and a similar observa- 
tion has lately been made by Freund {J, jpr. Cnem, [2], xii. 25), with regard to a 
fusel-oil obtained from a potato-spirit factory. On subjecting this fusel-oil to frac- 
tional distillation, a considerable quantity passed over between 1Q7^ and IJO^, and 
on converting this portion into chloride by beating with hydrochloric acid in a sealed 
tube, much isobutyl chloride was obtained boiling between 66*6® and 66°, together 
with a chloride boiling between 60° and 53° ; and this latter chloride, when heated 
for ten hours in a water-bath with 4 parts of water In sealed tubes, gave an alcohol 
which, after desiccation, boiled at 80°-86°, was solid at ordinary temperatures, and 
therefore consisted of trimethyl-carbinol. The same result was, however, obtained 
when perfectly pure isobutyl alcohol was heated with hydrochloric acid, and the 
resulting chloride was heated with water, trimethyl-carbinol being obtained, and in 
quantity continually increasing with the proportion of hydrochloric acid employed. 
Hence it is inferred that the ti^methyl-carbixiyl chloride obtained by heating the fusel-oil 
above mentioned with hydrochloric acid Was due, not to tertiary butyl alcohol originally 
contained therein, but to the action of the hydrophloric acid on the isobutyl chloride 
formed in the first instance. 

Action of Chlorine on Trvmethyl Chrbinol , — When chlorine is passed to saturation 
Uirough trimethyl-carbinol, the reaction being assisted towards the end by a gentle 
hoat^ the liquid separates into two layers, one of which consists of aqueous hydro- 
chloric acid, the otiier of a mixture of high-boiling clilorinatod compounds, the chief 
of which has the composition of pentachlor obutylene, C^H*CP. This compound 
is a^iquid of camphor-like odour, boiling at 185°'-188° under a pressure of 460 mm., 
heavier than water, and not appreciably affected thereby. It may be regarded as 
resulting, together with water, from the splitti^ up of a chlorinated derivative of the 
alcohol not yet isolated (F. Loidl, Deui. Cnetn, Gee, Ber. yiii, 1017). 

VartlmiT autyl Oyanide. ^imethyl-cathinyl Cyanide, or ThrmethyhaoetonitrU, 
(08!)*0— ON (Butlerow, Liebife Annalen, clxx. 161). — This compound is formed by 
the action of tertiary butyl iodide at low temperatures on potaesio-mer curie cyanide. 
100 parts of tSrtiary butyl iodides are imx^ in a vessel immersed in water at a 
temperature not exceeding 5°, with 110 parts of pulverised and dried potassio- 
mercurio iodide and 75 parts of talc-powder (to thicken the mass). The reaction 
begins spontanedhsly, and goes on, if the tem^rature be kept low, for two or three 
days, whereas if the cooling be neglectetih it becomdi rapid and even violent, and 
yields a much smaller product. On adding water after the reaction is finished and 
distilling from a paraffin-bath, an oil passes over, and potassio-mercuric iodide 
remains in the retort, together with resinous products. The oil, dried over calcium 
chloride and subjected to repeated fractional distillation, is resolved into a portion 
boiling at 1 06°-106^, another filing at about 165°, and intermediate fractions con- 
ttistmg of mixtures of the two. 

The fraction boiling at 105°-106° is tertiary butyl cyanide. It solidifies on cool- 
ing to a crystalline moss, which mfilts at 15°-16*^, has a peculiar pungent odour, 
bums with a bright but very smoky flame, a^ when heat^ to 100° with strong 
hydroch^firic acid, is completely converted into trimethyl-acetic acid, 
0(OH*)^^ODOH. With potash it yields scarcely any butylamine. 

The poittion boiling at 165° is probabljrthe formamide of tertiary but^U 
for when heated with alcoholic potash solution it yields a large quantity of butylamine 
(containing terdair butyl) but no trimethylacetic acid ; but when heated with hydro- 
chloric am it ^elds trimethylacetic acid, m-smmoniac, and bydxoriiloride of butyl- 
amine. Heated with phosphoric mihydridd it appears to be converted, at least in 
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into tertim batol cgr«ay«w It bdmvM tjMxefofo Jikn th* tomamides of the 
aromatio aeries oeaeribed hj Hcftoaim. 

Bnr&AMOaras. MiiUytamine, NH* — OfiKSH^OH*)^, ia fonnad hy the 
action of iron and aeetio add on iaonitrobntane» 

CH(CEP)*— CH*(NO*) + H» - 2H*0 + CH(CH»)^CH»NH*. 

On warming the nitro-oomponnd with eueas of finely divided iron and dilute acetic 
add on the water-bath, till its peculiar amell ia no longer percej^tible, then diatiUing 
with potash, and receiving the vaponr in dilute hydroi^orio add, there remaana on 
evaporation a white hj^groaeopio hydrochloride, eaauy and oomplet^ aoluble in hydro- 
chloric add, and giving witn platinic chloride a j^latinum aalt, 2(Cf*H"N.fi01).]^Cl*, 
which aeparatea from the concentrated aolution in golden-yellow laminn having a 
satiny lustre (Demole, Liebi^g Annalen, clxxv. 142) ; compare v. 737- 

i CH* * 

is produced by heating secondary butyl 

thio-carbimide, NCS — CH(OH*)(C*H*), either synthetically prepared or obtained by 
rectification from the volatile oil of acurvy-graas, ChchUana officinalis (boo T^iocar- 
Bucuna), with strong sulphuric acid : 

NCS— + HH) - CSO -h NH*— Ch|^^, 

Carbon oxyaulphide is then evolved, and an amine sulphate is obtained, from which 
the base may be separated by distillation with caustic alkali. By treatment with 
solid potassium hydrate, and finally by prolonged contact with recently prcssecl 
sodium-wire, it is obtained as a colourless very mobile liquid boiling at 68^ (normal 
primary butylamine boils at 75*6f» isobutylamine at 62°-66®). 

Secondary butylamine precipitates the salts of load, magnesium, copper, silver, 
and aluminium, like the normal amine {2Hd Suppi, 222) ; but while the fatter r^is- 
solves the silver- and copper-precipitates, the secondary amine dissolves only the 
hydroxides of silver and aluminium, but neither that of copper nor that of zinc, whi<^ 
latter is soluble in isobutylamine (v. 737). 

A further distinction between isobutylamine and secondary butylamine is aflbrded 
by their behaviour with ethyl oxalate, the former yielding an immediate precipitate 
of isobutyloxamidc, eveu in the cold, whereas the latter is not acted on by oxalic 
ether oven at 100®. * 

Keimer, by heating isobutylamine with isobutyl iodide, obtained the correspond* 
i»g di- and tri-butjlamines, but not the iodide of tetrabutylammonium (2nd jSnppl, 
222) ; and Heymann finds that secondary butylamine treated in like manner with 
secondary butyl iodide yields a considerable quantity of butylene, together with a 
mixture of di- and tri -butylamine, in which the proportion of the latter seema^ii'bo 
very small. The facility with which the more highly substituted amines are formed 
ftom alcohols containing the same number of carbon atoms appears therefore to 
diminish from the normal primary to the t'^r^.iary alcohol. From normal butyl 
alcohol (as from methyl and ethyl alcohols) the whplo series of butylamines may ho 
obtained up to tetrabutylammonium ; isobutyl aicbhol yields the three amines, but 
not the quaternary bases ; secondary butylamine appears to yield tributylamine'fioiy 
with great difficulty ; and from topiary butyl alcohol even the corresponding mono- 
bntylamine has hitherto been obtained only by circuitous processes, 

BUTVUnrav C^H*. Three modifications of this hydrocarbon are known, viz. : 
Noonnal Butylene, CH* — CH* — CH=dDH*. ^ 

Pseudobutylene. CH«-~OII^CH— CU*. 

Isobutylene, (CH*)*0=;CH*. 

The first may be formed by abstraction of HI from normal primary butyl 
iodide, CH*— CH*— CH*— CH^It or from secondary butyl iodide (matbyl-ethyl- 
carbinyl iodide), CH* — CH* — CHX — OH* ^ the^ second, in like manner, from secondary 
buM lodids ; and the third from isobutyl iodide, CH(CH*)*— CH*I, or from tertiary 
butyl iodide, (CH*)*CI (2ful Suppl. 223), 

1. Hormal butylene, obtained from normal butyl iodide, has lately been ex- 
amined by Qrabowsky a. SaytzeflT (Liebig*s Annulen, clx xix . 325). The iodiJe, prepared 
by passing hydriodic add gas into normal butyl alcohol Obtained hy redaction of 
butyxyl chdonde) (2md Suppl, 216), was decomposed by alcohoUa potash ; the Irntylene 
thereby ptoducM was passed du^tly into bromine ; and the resnltisg butylene 
bromide, af^ being wawed and dried, waa distilled, the greater part passing over 
between 160® and 170® ; and from this, by further firactionation, pure butylene bromide 
waa obtained boiling constantly at inns bromide baa a characteziatic 

odour, and is partly deoomposra distillation, giving ofiT vapours of hydrobxomie 
ackL Its ^.gr, at 0® is 1*8M3, and its ooeffideot of ea^ansion nor one degree between 
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0^ and 20^ is i*00082. Tb^ properties abow that it is identical -with tbe bromide 
of etbyl-y inyl prepared "by Wurtft (Is^ 8uppl, 377}t4xid therefore that the butylene 
prepared from normal but^l alcohol has the constitution represented by the first of 
the three formulm above given. * 

2, Pseudobutylene is formed by tbe action of alcoholic potaabi silver oxide 
and -water, or silver acetate, on secondary butyl iodide ; by beating secondary butyl 
alcohol to 260^ ; and by the decomposition of amyl alcohol at a red heat (v. 737) ; 
also* together with isobutylene, by distilling isobutyl alcohol with zinc chloride 
(Nevoid, BuU, Soc. Chim,) It boils at + 8®; solidifies to a crystalline mass at very 
low temperatures ; unites with hydriodic acid to form secondary butyl iodide. Its 
bromide, CH»— CHBr— CHBr— CH>, boils at 160® 

ldethyl-allyl» obtained by the action of sodium on a mixture of the iodides of 
allyl and methyl (Is/ 8upp^ 376) is most probably identical with pseudobutylene. 
It yields a bxomido boiling at 1£6°~169®, unites with hydriodic acid to form second^ 
butyl iodide, and in fact differs' from pseudobutylene only in its boiling pointi which 
is said to be between — 4® and — 8° ; but the determination of boiling points at these 
low temperatures is somewhat uncertain. 

3. Isobutylene boils at —6® ; unites with hydriodic acid to form tertia^ butyl 
iodide, and with strong hydrochloric acid at 100®, to form tertiary butyl chloride. It 
is absorbed by strong sulphuric acid, forming a sulpho-acid which, when diluted with 
water and distilled, yields tertiary butyl alcohol (Is/ SuppL 376 ; 2ftd Sujf/pL 210). 
It is also converted into tertiary butyl alcohol by direct combination with water, 
when kept for some time in sealed tubes, together with water mixed with ^ of its 
volume of nitric acid and an equal volume of alcohol (Fittig’s OrundneBd, org, Chemie 
lOte Auflage, 146). According to Butlerow {DeiU. Chem, Gee. Ber. viii. 101 7)* li<juid 
isobutylene is converted by dilute sulphuric acid at ordinary temperatures into tertiary 
butyl alcohol, but at high temperatures in sealed tubes into di-isobutylene. 

Isobutylene bromide boils at 147®-148*^ (Nevole, CompL rend, Ixxxiii. 66). /so- 
butylethe chlorhvdrin, (CH*)* — CCl — CH* — OH, from isobutylene and hypjochlorous 
acid, is a liquid boiling at 1I}8®-130®, and converted by oxidation into chlorisobutyric 
acid (L. Henry, BuU. Soc. Chim. [2], a^vi. 23). 

avTT&Bsra aabcoBoxs or atnm axiTcoabs, c«H*”0*«G<H*(OH)^ 
Of thMC compounds, four isomeric modification! are known, viz. : — 

(1) . CIH — OH(OH) — OH* — CH*OH, Formed by the action of sodium-amalgam on 
a cet aldehyde, or better on aldut (p. 64), produced therefrom. It is a colourless 
viscid liquid easily soluble in water; boils at 203*5®-204® ; converted by oxidation 
first into crotonic aldehyde, then into acetic and oxalic acids {2nd Supjd, 226). 

(2) . CH* — CH* — GHOH — CH®OH. From normal butyleno bromide by 
saponification with caustic x^otash or bar 3 rta. The potash, previously fused and 
piu-i^rised, is added to the bromide by small portions, the mixture being carefully 
stirred, and the glycol is then distilled off. In saponifying with baryta, the butylene 
bromide is diluted with water; the baryta is added in quantity sufilcient to produce a 
strong alkaline reaction ; and the liquKl is heated on the water-bath for 24 hours, and, 
if necessary, mixed with fresh por|jion8 of baryta, and again heated. 

d ho butyl glycol thus obtained is a viscid liquid, easily soluble in water and 
o1, boiling at 101®-192®, and haviqg^ density of 1*0169 at 0®. By rapid oxida- 
tion with nitri6 acid of ordinary strength, it is almost wholly converted into oxalic 
acid ; but, by regulated oxidation, 1 pt. of the glycol being mixed in s test-tobe 
immersed in water with 2 pts. nitric acid of sp. gr. 1*31, and 4 pts. water, it is con- 
verted into glyeollic and glyoxylic acids (Oralx>WBky a. Saytzeff, Liebigs Annalen, 
clxxix. 326). % *' 

(3). CH* — CUOH — CHOH — OH*. Obtained by Wurtz from pseudobutylene 
bromide (v. 739). Colourless, inodorous, viscid liquid, boiling at 183®-184®, and 
having a density of 1*048 at 0®. Mixes in all proportions with water and with alcohol ; 
oxidised by nitric acid to oxalic acid. 

(4). ^,^>COU— CH*OH. From isobutylene bromide (b. p. 147®-148®) by 

heating for several days with potassium carlwnate. It boils at 176®-! 78®; has a 
density l*0!29 at 0®, and l*003*Bt 20®; dissolvea «isily in water and in ^cohol. 
It is ooddissd by potassium permanganate to carbonic and acetic acids ; by chromic 
acid, appurently to acetic acid. Heated with nitric acid of sp. gr. 1*83, it forms an 
ethereal Isycr, firom which, by distillation, a liquid may be obtained passing over 
between 186® and 138®, and having the composition C*H'*0*, This liquid is attacked 
by hydrobromie acid and by phosphorus pentachloride, not by sodium or by bacyta 
(Kevol4, Chmp/. rsn^ Ixxxiii. 66, 146). 

mVTWTb WmomwmXMmm, i5co Pui^rMunts CJnd Smppl, p. 966). 
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BirmtlO ACna, C^H*0*. Normal b^tyrie ^idaad ethyl butyrate 
wore obseired by Schutsonbe^or (C&mpi, rtnd, izxz. 828) to be formid. by the fer- 
mentatiou of a eugar-jmee in which twigs of ^cdea canademis were immersed. 
Carbon dioxide and hydrogen wfere evolved at the same time, and alcohol was found 
in the fennented juice. 

Butyric acid, heated with nMc acid of sp. gr. I '4 in a retort with reversed condenser, 
or in sealed tubes, is converted into succinic acid, as formerly observed by I)es* 
saignes (i. 692} ; 

CH».CH*CH*.CO*H + 0» = WO + CO*H.GH*.CH».CO>'H. 

As, however, succinic acid readily undergoes further oxidation under the influence 
of nitric Mid, it is best to heat the butyric acid with a quantity of nitric acid less 
than sufficient for its complete conversion into succinic acid, then separate the un- 
altered butyric acid, treat it with a fresh portion of nifTie acid, and so on till the 
whole is oxidised. By thus treating butync acid fivel times in succession with small 
quantities of nitric acid, the yield of succinic acid is flve times as great as that obtaimvl 
by at once heating the same (|uantity of butyric acid with a large quantity of nitric 
acid (Erlenmeyer, Sigel a. Belli, Liebig's Annalm^ clxxx. 207). 

Isobutyrio Acid. Formation from Normal B^gric Acid* — A solution of 
calcium butyrate saturated in the cold, which had been kept for ten years in a sealed 
tube, and heated some thirty or forty times — for the purpose of demonstrating the 
separation of the salt from its solution under the influence of heat — was ultimately 
found not to exhibit this separation any longer in oonsequo nee of the conversion of 
about ouD'tenth of the normal butyrate into isobutyrate. The same result was not 
produced by boiling a solution of normal calcium butyrate for eight hours (Krlcnmeyer, 
clxxxi. 120). 

^rom Pyroier^icacid . — a. Together with acetic acid, by the action of melting potash ; 
CH(CH»)*— CH2XCH— CO*H + 2WO « CH(CU*)».CO»H + CH»-CO*H + H*. 

fl. Together with oxalic acid, by oxidation with nitric acid : 

* c*H*o* + o*b:*o* 

(W, C. Williams, JOeut* Chem, Ges, Ber, vi. 1094). 

Bromobistjrlo Adda. Two isomeric bromobutyrio acids, vis. 

CH».CH»CHBr.CO’H ,.CH» OHBr.OH».CO»H 

a 

convertible into the corresponding oxybutyric acids, aro fumed by the action of 
bromine at the heat of the water-bath, on normal butyric acid (PupoflT, DeuL Cfwm* 
Ges, Ber. vi. 1094). 

Bromisobutyric acid, (CH*)K:Br.CO^H (Hell a. Waldauer, t6td. x. 448; 
compare Ist Suppi, 379)* This acid, obtained by boating molecular proportions of 
bromine and isobutyric acid to 140*^ in sealed tubes, is a white, nearly inodorous, 
crystallino mass, melting at 48^. By slow eva[|pratiou of its ethereal solution, it may 
be obtained in large tabular crystals. It boils w^ih slight decomposition at 198''>200^. 
Sp.gr. at 60^ -• 1*6226; at lOO"* « 1*600, water aft the same temperatures being 1. 
It dissolves in alcohol, ether, carbon bisulphide, chloroform, bensene, fltc. Wu * 
boiled with water, it is slowly but oomploteV resolved into hydrobromip acid and ozy- 
isobtttyric addu It is completely decompe^sed by aqueous silver nitrate, slowly in the 
cold, more rapidly when boated. 

The ethgtie ether of monobromisobutyric acid, obtained by passing hydrogen 
chloride into au alcoholic solutiqp of the acid, ^ils at 180® (corr.l 

Monobromisobutyric acid in alcoholic solution is decomposed by alcoholic potash, 
yielding potassium bromide and the potassium salt of the following acid. 

&hojyisobutync acid, (CH»^(OC*H»).COOH, obtained by decomposing mono 
bzomisobutyric acid in alcoholic solution with alcoholic potash, converting the resulting 
potassium salt into a barium salt, and decomposing the latter with solpfauric acid, is a 
colourless liquid of penetrating ethereal odour and pungent burning taste, soluble in 
alcohol and ether, sparingly in water. It boils at 180® under a pressure of 741 mm. 
Sp. gr. « 1*0211 at 0®; l OlOl at 18®, water at ^he same Uraperatures being 1. It^ 
fMms easily soluble and crystaliisable salts. 

Tlia saver saU^ C*H"C>*Ag, crystallises from 1^ water in thin white iaminm 
which in the moist state quickly turn brown in the light. The lead saUf* 
(C*H**0*)fPb-i' HH>, ciystnlliM from water, in fine white trooslueent prisms. Tbe 
barium salt, (C*H“ 07 TBa+H* 0 , forma thick tzanaparent pnama. The sino 
(OH*»0^*Zn, *whea freshly prepamd, crystaSlisea tom hot water in flne pearly lamuim, 
whi<h gradually lose water when dried by beat, or over milptuieiB acid, and yield an 
insoluble basic salt. , 
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butyric acids (OXT-). 

The copper colt forme Ane greetv laminte ; the codipm caU a gnmular ctyatalline 
masi ; bot^axe easily solnble in water and alcohol. 

Trieblorolm^wlo JLeldf C^H*C1*0> (K. Garzarolli-Thnmlalc, LUMg*s Asvndlm^ 
dxxxii. 181). This acid is obtained hj passing chlorine into the hydrate of butj^c 
chloral (see' C hix>rai.s) mixed with twice its weightfof warm water, or by heating 
the same hydrate with potassinm chlorate and hydrochloric acid : 

0‘H»01»0.H®0 + Cl* - 2H01 + C^H‘C1»0*. 

It is identical with the acid (described as trichlorocrotonio acid, 2ttd Sttppl. 396) 
which Jndson obtained by the action of nitric acid on hydrate of butyric chloral (the 
60 ‘Called crotonic chloral, p. 60). When purified by washing with water, it forms an 
oil which does not solidify, even after standing over sulphuric acid for several days. 
It solidifies in a freezing but is liquefied again by very small quantities of 

water. It does not distil without alteration. The lead ealt^ (C*H^Gl*0^)^b, obtained 
by neutralising the ethereal solution of the acid with lead carbonate crystallises, by 
spontaneous evaporation of the ethereal solution, in geodes having a silky lustre ; from 
water in small shining needles. It dissolves also in alcohol. The crystals (contrary 
to Judson's statement) are anhydrous. The calcium salU (0^H^Cl*0*^)^0a, obtained in 
like manner, crystallises by very alow evaporation of the ailute ethereal solution, in 
geodes, otherwise as a sott white mass ; it dissolves easily in water, alcohol, and 
ether. The ammonium salt, C*H'*(NH^)C1*0^, prepared from the lead salt with 
ammonium carbonate, sc^parutes from water in tufts of crystals ; it is loss soluble in 
ether than in water or alcohol. 

When trichlorobutyric acid is heated with caustic potash to 100° for several hours, 
a small quantity of a substance having the properties of dichlorocrotonic acid is formed, 
apparently by removal of the elements of nj<&ocbloric acid. 

OyaaobutjTio atber. An ethylic cyanobutyrate is obtained, together with 
the compound HgK*Cy^Br^, by heating an alcoholic solution of pure ethylic bromo* 
butyrate (b. p, 177*9°- 178*8*1 corr.) with potassio-mercuric cyanide to 180°. It is a 
colourless liquid, having an aromatic and spicy odour, and boiling at 208*4°-209'4° 
(corr.), under a pressure of 762 mm. Its sp. gr. is 1*009 at 0°, less than 1 at ordinary 
temperatures. Ethylic bromisobutyrate (p. p. 163*6° corr.), treated in like manner, 
docs not appear to yield a cyanisobutyric ether (Markownikoff, Liebigs Annalen, 
clxxxii. 324). 

Oacjrbtttyrlo Aolda, C^H*^OH)0*.— «. Oxyhuiyric aci rf,CH*.CH* CHOH.CO*H, 
is formed by the action of hyarocyanic and hydrochloric acids on propionic aldehyde 
(Prschibitesk, Deut. Chem. Gee. Ber. ix. 1312). 

Oxidation . — According to Markownikoff {JAAig'e Annalen^ clxxvi. 309), a-oxy- 
butyric acid is converted by oxidation into propionic and acetic acids. This is contrary 
to the general law respecting the oxidation of oxy-acids of the fatty series deduced by 
Ley a. Popoff {ibid, clxxiv. 61) ftOT}. their experiments on the oxidation of oxyiso- 
valorio acid, according to which all the oxyacids of the formula ll.CHOH.CO*H yield, 
by oxidation, carbonic anhydride ^tind a fatty acid, G^H**0*, containing one carbon- 
lixAjEi less than the oxy-acid. According to this law, a-oxybutyric acid should yield 
by oxidation, only propionic acid. The ^ibrnltaneous fbrmation of acetic acid observed 
by Markownikoff is attributed by Popoff to the presence of /9-oxybutyric add, 
Cii*.CHOH.GH^OO*H, a supposition rendered probable by the fact above mentioned, 
that the action of bromine on butyric acid gives rise to the simaltaneons formation of 
a- and jS-bromobutyric acid. 

Methyl- and Ethyl -fi-oxybutyric acids (Rohrbock, Liebi^e Annalcn, 
Ixxxviii. 229 ; Waldschmidt, ibid. 240). 

n^Mcthyl-fi-Oxybutyric acid^ CH*.CHOHtGH(CH').CO*H, is formed (as 
sodium salt) by the action of water and sodium-amalgam on the ethylic ether of 
mothyLaceto-acotic acid : 

GH».CO.GH(CH>).CO»G»K» + Na* + 2H*0 « C’H*OH + NaOH 
+ GH*.OHOH.GH(Gn*),CO*Na, 

the reaction being exactly similar to that by which 3*oxybutyric acid is obtained 
from ethylic aceto-acetate (1st Suppl. 892). 

The soditim eaU thus obtain^ is, after parifleation, a white crystalline powder 
which melts above 240^ to a clear liquid, turns brown and swells up when stzo^ly 
heated, and may then be burned, with moderate fadlity, to sodium carbonate. The 
eilver ealt, ob^dned by precipitating the sodium salt with silver nitrate, 

forms colourless lamihlt, nearly insoluble in cold, and only slightly solnble in boiling 
water. * « 
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The a/aid, C*H|*0*, obtained by decomposing the eodinin salt ^th snlphnrte 
add, and Bxhanstin|E with ethtt, lemains, on eeafimration dt the ether, in the waa of 
a yellow eyrnp which esiinot oe made to crotSUse, either bj keeping it for months 
over sn^uric acid, or by cooling it to — 20^, or by the use of any solTent whatever. 
When mt over s^phurie add, however, it beoomee oontiDUsllv more visdd, and 
appears to be converted into an anhydride. By neutralisation wiw the earbonatss of 
cucium, dne, lead, foe., it yields'salta which are almost nnctyrtallisable ; thM of the 
heavy metals are, moreover, easily deeomposible, with formation of basic salts, 

a-Methyl-^-Ozybutyric add is resolved by distillation into water and me thvl 
crotonio acid, G*HH>^ the latter pasdng over as an oil which oiystallises in the 
neck of the retort. The crystals melt at 62^>62‘6**, and exhibit all Uie other proper- 
ties of the methyl-crotonio add described by Frankland a. Duppa (Bohrbeck). 

a^Ethyl^fi^Oxyhutjfrie acid, OH*.OHOH.CH(C®H*).CO*H, obtained in like 
manner from the ethylie ether of ethyl-aceto-acetic add,*^ a yellowish liquid, haring 
a strong and disagreeably sour taste, misdble with wStor. l^en kept for some time 
in a dry vacuum, it does not cxystallisa, but becomes vei^ viscid and appears to be 
partially convert^ into an anl^dride. By distillation it is resolved into water and 
ethyl -crotonic acid, C*H**0*. 

The todium colt, C*H‘>NaO*, forms, after d]^ng in a vacuum, a white fibrous 
cnrstalline mass, which deliquesces in moist air. The siipcr Mali, G*H"AgO*, is a 
white hocculont precipitate, which dissolvee easily in boiling water, and separates 
on cooling in fine g^es of colourless laminae, which slowly become coloured on 
ezposnie to light. The copper salt, G*H^*GuO*, sepimtes from a mixture of a con- 
centrated solution of the sodium salt with cupric sulphate, slowly at ordinary 
temperatures, quickly on boiling, as a bine powder, the colour of which is finer and 
darker the more slowly the salt has separated (Waldschmidt). 

SUXnra, BarbagUa (l>eut, Chem. Qes. Ber. iv. 757) prepares this 

alkaloid by exl^nsting the leaves and green branches of Buxus sempermrens with 
sulphuric acid, precipitating the acid solution with excess of oarhonate of sodium or 
calcium, and exhausting the well-washed and dried precipitate with absolute alcohol. 
The alcohol having been distilled off, the lesiduo is again treated with dilute 
sulphuric acid, and the paiabuxine removed by Pavia's method. The buxine 
sulphate is then decomposed by excefo of sodinm carbonate and the well-washed pre- 
cipitate is suspended in water, and dissolved bv passing carbonic acid through the 
liquid. On boi ling the resulting solution, a resin is precipitated, while buxine carbonate 
remains in solution, and from this solution the buxine may be precipitated perfectly 
white by ammonia. 

Parabitxinc, C*H“N*0. — This alkaloid, discover^ by Pavia, exists in Buxus 
sempet^rens, together with buxine, and is disiinguislied therefirom its Issssr 
solubility in alcohol ; it dissolves in hot alcohol, and separates on cooling as a whits 
amorphous mass. Its sulphate, obtained by neutralising the alkali^d 

with sulphuric acid, is more soluble in hot than in cold water, and is deposited in 
amorohous nodules insoluble in alcohol, TM6 kydrochLori^, 0“H‘*N*0.2HCl, pre- 
pared by boiling the sulphate with an excess of bafinm chloride, crystaHises in minute 
needles. The platinochloride, C^H**NH).2nCl.l^Cl^, is amorphous. The 

formed by df}comj^ing the sulphate with barium nitrate, crystallises in i~' 

scales (Parosi a. Botondi, Gazz. chim. ital. iv. 192). 
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' OAlwiitemk A variety of nickel-bloom flis^ described and analysed in 1863 
by H- Fafcer {JBerg. u. Huttenm, ZeUung, 1863, 306), who found it to be a hydrated 
nickel-magnesium arsenate of the type 3R0.As*0^ + 8H>0. This result is confirmed 
by Frenzel (Jahrbuchf. Mineralogie, 1874, 678), who finds the mineral to contain — 

As*0*. NfO. CoO. MgO. BPO. 

41-42 2503 1*49 6*94 25*78 100-66 

corresponding with the form;; la 3(Ni0,Mg0)Afl®0*+ 8H*0. 

Cabrerito has an applo-greci^ colour, crystallises in the monoclinic system, exhibits 
the forms of cobalt-bloom, and agrees in its cleavage with the latter and with gS^psum. 
.It difl^ers from cobalt-bloom in giving oflf the whole of its water at 400®, whereas 
cobalt-bloom gives ofiT only 20 per cent, of its water at that temperature, the rest at a 
red-heat. The ignited mineral is sometimes smalt-blue, sometimes bluish-black. 

OAOAO. Sec Tkkobroma. 

OAHfttXimK. This metal may be obtained by distillation in a current of 
hydrogen, in re^lar ocbohedrons, dodecahedrons, &c., 6-8 m.m. long, with silver- 
white colour and strong refracting power (H. K&mmerer, DeuL Chem. Qes, Ber. vii. 
1724). 

Detection by the Bhiopipe in •presence of Zinc , — The substance to be tested, if in 
the metallic state, must be roas^, the resulting powder fused with borax, and acid 
sulphate of potassium added ; the bead is then treated with boiling water, and a bead 
of potassium sulphide, prepared by heating acid sulphate of potassium on charcoal, is 
added ; if cadmium be present, a yellow precipitate is formed (E. J, Chapman, Chmi. 
iVetes, XXXV. 13). . 

Estimation , — An elaborate paper on«the quantitative estimation of cadmium has 
been published by O. Eollenius [ZaUschr, anal, Chem, 1874, 272, 411), in which three 
methf^s of estimation are examined, viz., as sulphate, as oxide, and as sulphide. 

1. As Sulphate. This method ^ of estimation is regard^ by Follenius as the 
most exact of all, provided it be carried out with the following precautions as to 
evaporation, drying, and weighing The perfectly pure solution of cadmium sulphate 
is to be evaporated in a weighed platinum dish, first over^the water-bath as long 
118 any vapours ore thereby driven off. If the solution contains free sulphuric acid, it 
deposits during this evaporation crystals of the monohydrate CdSO^ -I- H®0. The free 
sulphuric acid is next to be carefully driven off on the sand-bath till the salt appears 
perfectly dry. 

It is best to immerse the dish to the rim in a layer of sand of uniform thickness, 
and heat the bath over a largo fiame ^ the commencement of the evaporation, after- 
wards wit h only a small fiame. Theticid then goes off quietly and without bumping, and 
is no fear of loss. The apparently dry mass iisually still retains a small 
quantity of sulphuric acid, which must bo^^xpelled by heating over an open flame as 
long ha white fuVnes are evolved : the remainder may then be left to cool in the ex- 
siccator, and weighed. This first weighing *gives the amount of sulphate to within 
0*5-1 ‘0 mgm. The weighed salt is then to be moistened with a few orops of dilute 
sulphuric acid, this acid expelled as before, and the dish, after cooling in the ex- 
siccator, re-weighed- • ® 

By .evaporation with excess of sulphuric acid as above described, all cadmium 
cotnpounds containing volatile acids may be converted into sulphate. If, however, 
the salt is contaminated with ammonium chloride, tills compound must be converted 
into sulphate by repeated evaporation with sulphuric acid, and the excess of acid 
finally driven off by ignition. In this manner the cadmium salt may be completely 
converted into sulphate, whereas, if cadmium sulphate is ignited with ammonium 
^chloride or a fixed alkaline chloride, without the presence of free sulphuric add, a 
double decomposition takes place, resulting in the formation of ammonium sulphate 
and c a dmium chloride, which volatilises and occasions loss. 

2. As/Ixide. In weighing cadmium as oxide, regard must be had to the manner 
in which &e oxide has been ootained, via. (1) by ignition of the nitrate, or (2) by 
predpitating the nitrate, or (3) the sulphate or chloride, with an alkaline hydrate or 
carbonate. In the first two cases accurate results may be obtained after the first 
ignition; but in the third 'case the precipitate will be contaminated with potassium 
and sodium salts, which can be removed only by repeated washing and ignitiem. The 
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washing is best affected on an asbestos filter, as the oxide is easily rednoed during 
ignitton by sdhering orgsnio ngitters. ^ a ^ 

Taitario acid prsTents the precipttatioai or eadmium bj the fixed alkhlis eom- 
pletaly in the cold ; but the whole of the Is nceoipitated ^ boiling. Citrio, 

oxalic, succinie, and bensoie acids do not interfere wim the precipitation, either horn 
cold or firom warm solutions. The presence of sugar completely preTents the sepani^ 
tion of tile hydrate at any temperature. ^ 

The precipitated cadmium carbonate, like the oxide, containa oeoasionai^salts of 
the alkalis, and. except when obtained from the nitrate, must be repeatedly washed 
and ignited before it can be weighed. The salts of the fixed alkalis oiaaolve tzmoes of 
the carbonate, which is also somewliat soluble in tartaric, oxalic, succinic, and bensoie 
acids, and to a greater extent in solution of sugar. 

To conyert the carbonate into the oxide, it is best to heat it together with the 
asbestos filter in a continuous current of air. If the heating be eifected in a crucible, 
some metallic cadmium is formed and TolatiisBed. ^ 

3. As Sulphide. GdS. Cadmium may be precipitated as sulphide either by 
hydrogen sulphide or by alkaline sulphides, but in the latter case the precipitate is 
very bulky and difficult to filter. The precipitate tlirown down by hydrog^ sulphide 
from a solution of sulphate or chloride of cadmium, carries down with it certain 
quantities of these salts. — from 0‘9f3 to 2*107 per cent, in the case of the sulphate, 
and a larger quantity in the case of the chloride —which cannot be removed by washing. 
The adfffriug sulphate may however be completely converted into sulphide by 
ignition in a stream of hydixigen sulphide ; the cnloride, on the other hand, cannot M 
entirely converted into sulphide in this way : it is best therefore to precipitate frOm 
a solution of the sulphate. « 

The washing of the sulpliide is best effected, like that of the oxide, on an asbestos 
filter, after which the precipitate may be dried by placing the asbestos tube in an air- 
l>ath gradually heated to 1 lO'*. and passing a current of air through it ftnom the widg 
to the narrow end. The final ignition is also to be commenced towards the wide 
cud. 

Halotd — The solubility of several double haloVd salts of cadmium in water, 

alcohol, and ether, has been determined by J. M. Eder {Chem, Cmtr» 1876. fil6)« 



Pc>lobl!ity 

. .. „ . ^ 

» 

Wafer, 

Alcoliol. 
0'7S4 Mp. gr. 

Ether. 
0'72S up. gr. 

eq. voU. of ' 
alcohol 
and ettisr 

2NH'Br.2C<lBr>.H»0 . 

0-73 

5* 3 

280 

24 

4NH«Br.CdBr'^ 

0*90 


decomposed 


2NaBr.2CdBr'.5H*0 . 

1*04 

3* 7 

190 

1 — 

4KBr.C<lBr* .... 

1*40 


decomposed 


KBr.CdBr’.H*0 

0'79 


decompoHcd 


2NH«L2CMI».H'0 

0*90 

0*88 

j 2*4 



o-.w- 

0*70 

S^O . 

1*8. 

2yaI.CdI*.6H*0 

<>■83 

0-88 

1 101 

KI.CdP.U»0 .... 

0*94 

— 




2KI.CdI*2H^O .... 

0-73 

1-4 

2M 

4*6 


Phosphideg, — The compounds Cd’P* and CdP* are obtained ^ passing' pbos> 
phorus vaponr over red-hot cadmium or its oxide or carbonate. The former nas a 
metallic aspect, like that of the corresponding zinc-compound, and dissolves in dllqte 
acids, with evolution of non- spontaneously infiammable pbosphoretted hydrogen, i^' 
formation of faypophorahorous acid, cadmium chloride, and a yellow phospEorettsd 
body — perhaps FO^OH (B. Benault^ CampL rend, Ixxvi. 283). 

OJBMinK and ItinHUIlUXK. Atomic Wd^hU . — A new determination of these 
weights has been made by Godel&oy {JA/Aig'e AmuUm, clxxxi. 176). Of the several 
method proposed for the separation of ctesinm. rubidium, and pcytasriiim#bs gives 
the preference to that of Iledtenbacher. which consists in preparing the alums and 
separating these by fractional crystallisation. 100 parts of vmter dSiaolve st 17** of : 

Fotssrime-elma. Bobldfaza^itaaA, • CMhun-Shifn. 

2*27 0*619 


13*5 
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OyESITTM AND RUBIDIUM. 


By a csa^tizmal methodical fractionation the following crystallisationB were 
obtained : v ^ 

^re CBerium-alnm. 

The same, containing traces of rubidium. 

Bnbidinm-alum with traces of caesium. ^ 

Pore rubidium-alum. 

The same, with traces of potassium. ^ 

Potassium-alum with traces of rubidium. 


The pure alums were converted into the pure chlorides by precipitating their hot 
solutions with {jure ammonia, evapomting the filtrate in a platinum basin, igniting the 
residue, dissolving the fused mass in water, and adding pure barium chloride as long 
as a precipitate was formed. After filtering, pure ammonia and ammom^m carbonate 
were added to the warm solution, and after standing for some time, tlie solution was 
again filtered, evaporated, fused. This process was repeated, and then the chlorides 
crystallised. The pure cmsiuni chloride thus obtained was not at aU deliquescent, 
and the determination of chlorine gave, as mean of four very nearly agreeing results, 
the atomic weight of cscaium— 132*657 (if Cl — 35*46 and Aga 107*94), while that of 
rubidium was found » 86*476 as mean of four experiments. 

On the Separation of Csesinm and Rubidium, see further p. 369. 

On the Preparation of Osesium from Lepidolite, see Sharpies (American Ciemistf 
iii. 463; Jahresb.f, Chem. 1878, 248). 


Double Chlorides (Clodeffroy, DeuL Chem. Ges. Ber. vii. 376; viii. 9). — When 
a solution of a caesium salt is added to a solution of antimonious chloride in concentrated 
hydrochloric acid, a white crystalline precipitate is obtained, consisting of a double 
chloride, SbCl*.60sCl. The formation of this precipitate is not prevented by the 
presence of the other alkalis. It may be collect^, washed with strong hydrochloric 
acid, and crystallised from dilute hydrochloric acid. It then forms large tabular 
crystals, belonging to the hexagonal system, and permanent in the air. Antimonious 
chloride may therefore bo used as a test for caesium. 

The cbloridoB of several other metals likewise form with caesium chloride, crystal- 
line precipitates which are only spajingly soluble in strong hydrochloric acid: 
viz. : — 


Fe^CP.eCsCl 

BiCl-.eCsa 

ZnOP.2C8Cl 

CJd0P.208Cl 


HgCP.2C8Cl 

CuC1*2CbC1 

MnCl*.2C8Cl 

NiCl*2C38Cl 


To obtain these precipitates, the chlorides of the corresponding metals must bo 
dissolved in strong nydrt^loric acid, and the solution mixed with a solution of caesium 
chloride also in strong hydrochloric acid. They are all extremely soluble in dilute 
hydrochloric acid and in water, but crystallise sgain from the solutions on evapora- 
tion. 


By mixing a solution of rubidit^ chloride with the chlorides of the several 
metals above mentioned, weU-crystauised double salts are obtained analogous in 
composition in every case to tnie corresponding caesium salts, e.a. SbCl*.6RbCl, 
■p^l«.6RbCl, ZnCl’‘.2RbCl, &c. 


The following table gives a comparative view of the reactions of caesium and 
rubidium chloride with the chlorides of the metals above mentioned and with platinic 
chloride : it will be seen that caesium choride ^ves a precipitate in every case ; rubidium 
chloride in six only : 

CaCl 


Antimonious chloride 
Bismuthous „ 

Ferric 

Ziuo „ 

Onpric 
. Mamganous 
Kidkel 
Platinic 
Stannic 


white 
• white 
orani^e-red 
wtute 
red 

pale rosc-rod 
yellow 
yellow 
white 


RbCl 
no pp. 


red 

pale rose-red 
turbidity 
yellow 
white 


With exception of platinic cliloride, henrever, none of these reagents can be 
used for quantitative separation of cinaiom from the other alkali-metals, inasmuch 
as the precipitates are formed only in strongly acid solutions, and disappear on diintion 
or on prolonged washing. 

The pi crates of ctesium and rubidium resemble potassium pffrate in being 
sparingly soluble in water, very sparingly in alcohol. 
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Separatiim of Ctmum amd Huhidiun^ — of ru^^ium maj lio remorod from 
Cttsiam^alnm bj converting dbie salt into the eAloridi, diaaolTing the latter in strong 
hydrochloric acid, and precipitating with an ao^ aoLntion of antimonions chloride. 
The precipitate, after being wa^ed with hydrochloric acid, is free from mbidinm. 
On treating it with water, antimony oxychloride sepimtes ont: if the eolntion in 
evaporated and ignited with sal ammoniac, idl the remaining antimony volatilises and 
pure csesium chloride is left behind. 

On treating mbidinm-alum containing emainm in a similar way. the prempitate 
obtained contains traces of rubidium, which may be removed by dissolving in ^ate 
hydrochloric acid and precipitating again by the concentrated acid. 

Other chlorides of the neary metals, as already observed, also give precipitates 
with caesium chloride io presence of strong hydrochloric acid, and the sulphate is pre- 
cipitated by the sidphates of these metals when dissol^W in dilute sulphuric acid ; 
potassium and rubidium salts do not give this reactidfi* 

OjStTWUMIS* For the rapid extraction of caffeine (theine) from tea. the follow- 
ing method is recommended by Caseneuve a. Caillol {Bull. 800 . Chim. [2], xxvii. 199). 
B&k tea is treated with four Vimes its weiuht of boiling water, and when the leaves 
are softened, an amount of freshly slaked lime, equal to the weight of tea originally 
taken, is added, and the whole well mixed and evaporated to dryness on a water-bath. 
The rospluc is then pbicod in an exhausting apparatus, and exhansted by means of 
chlorofomi; the extnvct thus obtained is evaporattKl to dryness; and the .jMinotts 
matter is precipitated by treating the residue with boiling water. On cifrefully 
evaporating the filtered aqueous solution, beautifril silky white crystals of eaffbine are 

obtjiiiu'fi. 

Detection. — According U> Bottger {Zeitschr. anal. Chem. 1873. 442) cafRsine may 
be doU^cted by the purple-red coloration which ensues on Axtracting the substance 
under oxnmination with alcohol, treating the dry extract with boiling hydrochloric 
acid, evaporating to dryness and redissolving in water. 

Kgiimation. — R. Woyrich {Znt»chr. anal. Chnn, 1873, 104) has examined the 
methods proposed by Mulder, P^ligot, Claus, Zq! I or. and LioventM for the estimation 
of caffeine in tea and coffee. 

P^ligoCs method {Hep. Pl.ar7n. 1.4xxii. 340) consists eosentially in precipitating 
the tea- infusion with basic lead acetate, with addition of a very small quantity of 
ammonia, and after careful wnshtiig. dt‘0om{Msitig the filtrate W'iih sulphuretted hy- 
drogen After a second filtration, the caffeine crystallises out of the liquid. Any 
caffeine that remains in the mother-liquor is estiinuted by titration with tannin. 

The objections to the mulho^l are that it requires a largo amount of material to 
work with, and that the titration is untrustworthy, because the tannin carries down 
other matters bcHi<le cafleino, and thus gives results too large. On the other hand, it is 
possible that less than the real amount of caffeine may bo obtained, because lead 
sulphide carries down with it such matters as alkaloids, and retains them when 
washed. 

The methcKl of Claus {Jahresb. 1863, 708) consists in exhausting the leaves with 
ether, shaking up the ethereal solution with water containing sulphuric acid, snpei:- 
saturating the acid caffeine solution with calcined magnesia, evaporating to dryness, 
and exhausting the dried residue with ether. This method, which is Very stmuar to 
Mulder 8. gives tolcmbly uniform results. The source of error in it is that the whole 
of the caffeine is not always extracted in shaking up the first ethereal solution with 
water. ‘ 

ZoUers method {Jahresb. I8W1 818) consista in boiling the powdered tea-leaves 
with common sulphuric acid a little diluted. Water is then add^, and the liquid is 
neutralised w*ith hydrated oxide of lead and evaporated to dryness, and the residue is 
exhausted with alcohol of 86 per After filtrat ion and evaporation to dryness, 

the caffeine is extracted with ether, and remains behind on evaporating the solvent. 
The oafiTeine thus obtained is. however, very impure, and besides it is not impo^bls 
that when thus heated for some time with an acid, it may be partly decomposed, a^ 
in that case the result will be below tlie real percentage. 

Lieventhal {Chem. Cenir. 1872. 631) boils tins' powdered tea for a minute or two 
with chloroform. After cooling, the mass is washed till the chloroform flows through 
colourless. The filtrate is distilled and the residue boiled with distilled waiter and 
evaporated to dryness. The caffeine then remains behind, but is not coloorbss. 
Weyrich is of opinion that the chloroform does not penetrate into the tea, even when 
finely powdered, sufficiently to extract all the caffeine ; moreover, other substanoss, 
as weU as the caffeine, pass into eolation. 

Mnlder'e method pr. Chem. xv. 280^ appears to be preferable to all othera. on 
acooimt of its simplicity, and mote espeeinlly because the caffeine is obtained by H 
3rd B B 
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perfectly pare in colourless c^stals. Baw coffee-berries are dried at 100^, and then 
finely powdered. Tea can be used justfas it is found in commerce. A weighed quantity 
is boiled with distilled water : in the case of coffee three times, each of an hour's 
duration ; in the case of tea, as long as the filtrate comes throng coloured. "Bj this 
means all the caffeine, as well as some other matters, passes into solution. The filtrate 
is evaporated on the water-bath to the consistence ol a syrup, and then, after being 
mixed with calcined ma^esia to strong alkaline reaction, evaporated to diyness. The 
finely powdered residue is digested for several days with ether, then filteim, and the 
residue is a^in treated with ether, and finally washed with ether upon the filter as long 
as a drop of the filtrate placed on a watch-glass leaves a residae of caffeine. The ether 
is then distilled off, and the pure caffeine remains. Weyrich prefers chloroform to 
ether, as caffeine is more soluble in the former, and the operation is thus shortened. 

The 8olubilit|^ of caffeine in cWoroform, alcohol, water, ether, carbon 
sttlphido, and petroleum has bee^ determined by Commaille (^Campt. rend, Ixxxi. 817) 
with the following results ; — ' • 



100 grama of 
liquid disaolTe 
at lft«-17® of 
Calleino 

Coefficient of 
BOIublUty at 
16®-17'*^of 
Caffeine 

100 grams of 
liquid dissolve 
at boiling heat of 
Calrelne 

Coefficient of 
solubility at 
boiling heat of 
Caffeine 


Hy- 

drated 

Anhy- 

drous 

Hy. 

drated 

Anhy- 

drous 

Hy- 

drated 

Anhy- 

drous 

Hy- 

drated 

Anhy- 

drous 

Chloroform 


12*97 

— 

1 

7 72 

— 

19-02 

— 

1 

6*25 

Alcohol at 8.0° . 

Wnter^ . 

2*61 

1*47 

2*30 

1*36 

• 

1 

40 

1 

68 

1 

4^4 

1 

74 2 

40*7.'! 

4665 

201 

1 

1 

219 

1 

32 

Alcohol, absolute 


0*61 


1 


3*12 



1 

467 

‘164 7 



Ether of commerce 

0*21 

0*19 

1 

.526 

— 

— 

— 

220 1 

Sulphide of carbon 

- 

0*0586 

a 

1 

1709 


0*454 

— 

Ether, purified and) 
anhydrous. . { 


0*0437 

■ 

1 

2288 

*— 

0*36 

— 

1 

277 

Light petroleum 

— 

0*020 

B 

. 1 

4000 

) 

— 

— 

— 

I 


• The water^was at only , and not boiling. 

- SI Arawtrrr ox,. This compound is the chief oxidised 

constituent of oil of cajeput. When spmratcd by distillation from a liquid resinous 
constituent, and purified by fractional distillation, it boils at 176*^-186°. It unites 
with bromine, the combination being attend^ with considerable rise of temperature ; 
and the product, when distilled, gives off liydrobromic acid and yields a quantity of 
cymene equal to about two-thirds of the substance used, the calculated quantity, 
according to the following equations, being 87 per ce-t. : — 

+ Br8 = 

C»®H**Br*0 =3 H'O + 2HBr + 

The cymene thus produced agrees in properties with that which is obtained from 
many other terpene derivatives (Wright a. Lambert, Chem. Soc, Jour. 1874, 610). 
Compare 2nd Suppl, 419. 

OAXifitMVS. The wood of the Spanish reed {Calamus Rotang) contains a large 
quantity of silica, and gives sparks with steel, or when two pieces of it are rubbed 
together.^ The re^ dried at 100° yielded 3*16 per cent, of ash having the following 
composiiton : — 

sao* CaO MgO K*0 N»*0 Fe*0* 90» 

67*964 16*969 11*812 0*658 0*059 0*333 0*290 0*706 « 99*340. 

These numbers agree very nearly with the formola of a calcium-maraesium silicate. 
CaO.MgO.48iO*, which requirea 71*4 Mr cent, silica, 16*6 lime, and 11*8 ; 
(Mutscher, Lkbig^s Annalen, clxxvi. 86).^ 
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A telluride of gold and silTer joccnming, with tylvunite and 
red quarts, at 3^ Cloud 8dme, Qold Hill, Moulder Co.. Colorado. Two analTeet 
gare the following results ; — 


Aa 

Ax 

W 

Cu and Fe 


40*59 

2*24 

67-67 

trace « 

100*50 

C0-76 

2*56 

57*68 

— « 

100*00 


(F. A. Genth, J. pr, Cham, [2], x, 3dd). 

OAJbOXTa or CAXOS9AJU On the crjetaliine form of calcite from BodeQord. 
Iceland, see Hessenberg {Jahrb. /. Min. 1873, 87); f^m Schueeberg in Saxony: 
Frcnzel and Tom lRa,ih(ifnd. 187d, 415); from Andreaaberg: Hessonberg 1875, 
647) ; from Russia ; v. Kokscliarow {ibid. 1875, 873 ; Soc. Jour. 1875, i. 525). 

On Ilemimorphism in Calcite : Frensel (Jahf^.j\ Mfh. 1875, 673 ; Chrm. 8oc. Jour, 
1875,g^. 50) ; also Max Bauer f. Min. 1873, *90). 

On the appoarancea pToaiicod in Cnicito by pressure : Reuscb, Fogg. Ann, 
cxlrii. 307). 

CAlfCXmMI* VdlatUitg at High Temptniitiret , — Calcium may be volatilised in 
the same manner as barium, viz. by intense ignition of its oxide in a wind-fumaoe in 
contact with aluminium (Mullet, p. 142). A 

On^o Spectrum of Calcium at very liigh temperatures, see SpKCTKan AManvais. 

Separation from Magnesium . — Sonstadt (Chem. News^ xxix. 209) recommends* for 
this purpose the use of potassium iodate. Yfhrxi calcium is precipitated as ozalaM in 
the usual way from a solution containing calcium and nu^neaium, it is well known 
that a certain portion of magnesinm always accompanies the calcium precipitate. 
Besides this, however, calcium is not completely precipitated under such circumstadco^ 
a certain quantity being held in solution by the influence of the magnesium salts. 
Sodium tungstate eflfects a more complete separation, but the solution must bo quite 
neutral, and other alkaline s;ilt« absent or nearly so. Under these circumstances 
calcium is very completely thrown down, end the predpitato is quite firee from 
nuignesium. But even after separating the •tungsten as completely as possible,* the 
magnesium precipitate, obtains d with alkaline phosphate and ammonia, is still found 
to contain tungsten. 

Now calcium iodato is not sensibly soluble^ in a uiturated solution of potassium 
iodate, whilst magnesium is not precipitated from solution in any degree by potassium 
iodate. The presence of potaKsium iodate does not interfere with the subsequent pre- 
cipitation of t no magnesium as magnesium-ammonium phosphate, the double phosphate 
being less soluble in a saturated solution of prAassium iodate containing free ammonia, 
than ill u mixture of 2 pts. of oixlinaiy aqueous ammonia with 1 pt. water. Potassium 
iodate solution ada^ fo the supernatant liquid containing alkaline phosphate and 
much free ammonia over precipitated magnesium-ammonium phosphate, renders the 
liquid opalescent, and causes a further pr<.*cipitation of magnesium salt. 

On the detection Jf Phosphate and Oxalafe of Calcium, &c. in the Ammonium 
Sulphide Group, see Hilger {Zeitsch', anal. C4em/)874, 133 ; Chem. 8oe. Jour. 1874, 
102^ . / 

Chloride^ CaCl*. — This salt forms tbsr^ief saline constituent ef a black slimy 
exudation occurring on the face of the old red sandstone rocks at Guy’s Cliff in 
Warwickshire. The composition of this black slime is as follows : 

CsCl* OaSO* C«<NO*/ Mga* KCl NaOl X*' 

27*15 14’55 tracH 3 81 v 1-21 11 03 42*25 » 100 

The sand-stone rock, containing 95*64 per cent, sand and mica. 1*24 alumina, ferric 
oxide. &c., 2*00 calcium carbonate, 0*66 magnesium carbonate, and 0*46 moisture, 8fC, 
does not aflbrd the materiah for the formation of this deposit ; nevertheless it 
is always present, and, if washed away W the rains, is continually renewed. This 
would seem to indicate the existence of bidden salt-beds in the neighboufiiood 
(J. Spiller. Chem. Soc. Jour. 1876, i. 154). 

(jhlcinm chloride occurs, together with magnsaium <^oride and alkaline chloride, 
in the taebydrite and camallite of the Staaafuit deposit^ but in smaller proportion 
than the Guy’s Cliff exudation, tachydrite containing 21 per cent. OaCl* 36 per 
cent. Mgd* ; camallite about 8 per cent. GaCl* and 81 per cent, MgCF. 

OMUaride . — According to Qrimsbaw {Chem. News, xxz, 280) the salt which 
sepantes out in slender, white, needle-shap^ cnstals when a strong solution of 
ca^iun chloride is boiled with an excess of milk of lime yields, on analysis, numbexs 

« Watw and VBgetslOe extraetivs matter. 

no2 



872 CAIjDEIRAS— CAMPHOOBEASOTE. 

corresponding with the formula, 30a0.f!aCl*+ 16H*0, + 7H*0. Bose 

signed the formula 3CaO.GaCl^+ 16H^O, but his numbers agree better with the above 
formula. The salt is stable out of contact with air ; loBes part of its water of crystal- 
lisation over sulphuric acid or quick lime, and absorbs water and carbonic acid from 
the air, * 

Peroxide, CaO^ — This compound is most conveniently prepared b^ adding lime- 
water in considerable excess to an aqueous solution of sodium peroxide acidulated 
with nitric acid ; it then separates in crystalline scales, having the composition 
Ca0*.8H®0. The same hydrate is obtained as a very finely divided white precipitate 
on adding a neutral or alkaline solution of sodium peroxide to a solution of a calcium 
salt (Conroy, Chem. Soc, J. 1873, 810). It is isomorphous with hydrated barium 
dioxide (p. 142). 

Basic 8 ulphocarhonate.-^'^iW of lime agitated, with carbon disulphide yields 
brigh t orange needles of the compound CaCS*.CaII*0* + 6H*0, similar in properties 
to the corresponding barium compound (p. 142). 

CAXBBZRA8. Tills name is applied to the geysers of the Furnas valley in the 
islnnrl of San Miguel, Azores. See Geysers, 2nd Suppl, 653. 

Cii&SBX>OSrZTll. According to the earlier analyses of Brooke and Thomson. 
thi 4 mineral, from Leadhills in Scotland, was regarded as a sulphatocarbonate of lead 
mi^;ed with cupric oxide or carbonate (i. 722) ; but according to Maskelyne a. Flight 
(Chem. Soc. J. 1874, 101) the carbonic acid is due to accompanying cerussite; and, 
this being dcductetl, the minernl is found to contain 17'30 per cent. SO*, 68‘42 PbO, 
10*17 CuO, and 4*05 H^O, agreeing nearly with the formula 6PbSO*.2PbH*0''‘.3ChiH*0*, 
or 3 mols. linarite, 2 mols. lanarkite, and 2 mols. water (calc. 19*14 SO*, 66*17 PbO, 
11-39 CuO, and 4*30 aq.) 

OAUSAYik. On the alkaloid.s of Javanese Calisaya bark, see Hesse (Lvbi^s 
Annalen, clxxiv. 337 ; Chem. i^oc. J. 1876, 282) ; and do Vrij (Pharm. J. Trans, [*3J, 
V. 601 ; CAew. 8oc. J. 1876, 184). ^ 

OA3IS»tt»rS8. See Trrprkfs. 

OAMFKZC ACJ 

camphor with alcoholic poTasn ^1. 7 Yo/, 18 also lormoa oy tiie action or oxygen on 
sodium-camphor : C‘®H'^NaO + O =• C*®II'*NaO*. To prepare it, the product of the action 
of sodium on camphor is dissolved in coal-tar naphtha boiling at 126°, and a current 
of air is passed through the gently-boiling liquid. After the reaction is finished, the 
naphtha is distilled off, the residue exhausted with water, and the solution fractionally 
precipitated with an acid. First a resin is precipitated carrying down camphoric 
acid, which is also formed, and then camphic acid ^s thrown out, while some camphoric 
acid remains in solution. 

Camphic acid yields, by double deconiposition with copper salts, the salt (C*®H‘*0*)Cu 
•as a green powder, which is partly soluble in ether, benzene, chloroform, and strong 
alcohol, llie green alcoholic solution deposits a viscid almost black mass, drying up 

dark-green brittle substance consisting of C’®H’*0*+ (C‘*H^*0*)*Cu. 

By oxidising camphic acid with pdt^ium permanganate, it is converted into 
ox yearn phic acid, 0*®H'*O*, which does not crystallise, and resembles camphic acid, 
but is more liquid. At the same time some acetic acid and camphoric acid are 
formed, as well as an acid which appears to be toluic acid (Montgolfier, BtUl, Soc. 
Chim. [2], XXV. 13). , o 

CAMFBOCAJUOSrZO .A.CZ3B, C"H>*O*»0^*H>*O.CO*II, obtained by the 
action of carbon dioxide on sodium- camphor (lj;f Suppl. 386), is converted, by the 
action of bromine, so regulated as to avoid rise of temperature, into a yellowish mass, 
which gradually becomes ciystalline and dissolves completely in dilute alkalis, the 
solution yielding with hydrochloric acid — immediately or after some time, according 
to the degree of dilution — a white crystalline precipitate of mo nohromocampho- 
carbonic acid, C'*H**BrO*. This acid melts at 109°-110°, dissolves sparin^y in 
water, easily in alcohol and ether. 7t is very easily resolved, in the dry state at 65°, 
or in alcoholio solution on boiling, into CO* and bromocamphor (m. p. 76°). Ita salts 
decompose in the same manner, those of the alkali metals even when eva^rated over 
sulphuric acid, the barium salt when its aqueous solution is boiled. The salts 
(C‘*H**BrO*)*Ba and C"H**BrO*.^ may however be obtained, as ciystalline precipi- 
tates, by treating the corresponding acetates with an ammoniacal solution of nromo- 
camphocarbonio acid (J. de ^ntos de Silva, Deut. Chem. Gee. Ber. vi. 1092). 

OBMOPBOOBSASOTM. See OxTqmvB, under Onaarn. 
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dAlDBOm, C‘*H**0. This body has been Turi^ly regarded as an aleohoi, a 
phenol, an aldehyde, and a* ketone, the last View being at present most generally 
accepted, and several constitutional formulae have accordingly been piopo^ for it 
(2fi«f Suppl, 234), neitlier of them, however, being capable of affording a complete 
explanation of all its reactions. To this end, it must be remembers in the first 
place t^t camphor is an indiderent body ; secondly, that by combining with h^*dro- 
g4?D. it is converbxl into bomeol, which poi^sesses the character of an alcohol ; tin nil}', 
that alkalis transform it into monobasic campbolic (\cid, and oxidising agents into 
bibasic camphoric acid. It must also be remembered tbat^ by abstraction of the 
elements of water, camphor is readily converted into cymene, an aromatic hydrocarten, 
containing methyl and propyl (or isopi’*>pyl) in tiie para-position. All tht»ae reactions 
are readily explained by the following formulm ; — 


Camphor. 

mv 

\ 

CH 



I 

OH* 


lloiiitiul. 

c*n' 


(’H 

I I 

HO OU.OH 


bH* 


4 

m 


Campholfc acl«l. 

CHinnhoric acid, 

C'H' 

I 


CH 

CH 


/ \ 

U'C CH’ 

U’C’^O'H 

1 


1 

HC CO'H 

HC CO»H 

V 


V 


CH* 

j 

CH* 



In assuming these formulae, it must 1 k) stated tlmt the positioDs of the radicles, 
CH* and C*^^ are knowm, but those of the oxygen hiuI of the doubludinkcd carbon- 
atoms must at present bo left umleckled. 

Camphor is thorefuro a kind of ketone, ami bomeol the corresponding secondary 
alcohol, the formation of which from cainplio/ is similar to that of other secondary 
alcohols from iheir ketones, alt li:>ugh it takes , lace under somewhat difiTerent con- 
ditions. In the formation of campholic acid and camphoric acid, the linking 
carbon-atoms is severed, that which was ormbined with oxygen being convertetJ into 
carboxyl, while the other combines with hydrogen, iiiidor the infiuonco of alkalis, 
and is oonverU'd into carloxyl under the influence of oxi<liBing agents. 

The transformation of camphor into cumene is a complicated reaction, intermediate 
products being formed, varying with the dehydrating agent used. Such a conmund 
IS thiocymene, which is product by the action of phospnorus pentasulpUde (Keknl^, 
Deut. Chem, Ges. Ber, vi. 929). 

On the Constitution and Chemical Function of Camphor, see also Berthelot, Catupt, 
rend. Ixxix. 1093 ; Chem, Soc. J. 1875, 348. 

Optical Ttotairry Power. — The specifle rotatory power of camphor has been deter- 
mined by Landolt {^Deut. Chem. Gee. Ber. ix. 914). The camphor employed was 
purified by sublimation ; it boiled at 204^ and solidified at 176**. Its rotatory j^wer 
was determined by dissolving it in various prox^irtions of each of the uudormentioned 
liquids, and observing the rotation prodneed bv the solutions at 20*’. It was found 
that, with all the solvents except the last two, the rotatory power of the camphor in 
solution could be expreseed by the formula — (A and B beiiigrc(mstagte, 

and o the perceDtage of solvent in the solution); that is to say, the alteration pro- 
duced in the nonnal rotatory power of pure camphor by theee advents was propor- 
tional to amount of the solvents present, so that A represents the true rotatory 
power of camphor. With the last two Mlvents, however, it was found possible to ex- 
press the rotation only by the more oonq^cated formula [m^^A—Bq ^ OgF, 
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Thi followini; are the soly^ts used and the formulse arjriyed at * — 


Acetic acid • 

Ethyl acetate 
Ethyl monochloracetate 
Benzene . 
IMmethylaniline . 
■Wood-spirit . 

Alcohol 


a 



,a 


- 55*49 - 013729 q ; 

65*16 - 0 04383 q ; 

« 55*70 - 0 0*6685 q ; 

56*21 ~ 01630 q ; 

- 56*78 - O l491 q\ 

» 68*15 - 0*1749 q + 0*0006617 q^ 
« 64*38 - 0*1614 q + 0*000369 q\ 


Oidculating from these formulse the value of [a] for the limits q=»Q and 100 
the following niunbers are arrived at : — 


Solvent. 

Cal for f » 0. 
Fore camphor. 

[a] for q m 100. 
Infinite dUatlou, 

Total 

alteration. 

Acetic acid . • ' \ 

. 65*6 

41*8 

13-7 

Ethyl acetate . , ? 

. 55*2 

50*8 

4*4 . 

Ethyl monochloracetato 

. 55*7 

49-0 

6*7 

Benzene .... 

. 55*2 

88-9 

16-3 

Dimethylanilinc 

. 65-8 

40-9 

14*0 

Wood-spirit 

. 66*2 

45*3 

10*9 

Alcohol .... 

. 65*4 

41*9 

12*5 


The mean of the values thus obtained for the pure substance gives for the tpecihc 
rotatory power of camphor at 20° — 

Hd = 56*6° T 0*4°. 

See also Montgolfier {Bull. Soc. Chim. [2], xxii. 487). 

On the movementa of Camphor on Water and other Liquids^ see Tomlinson {Phil. 
MUlq. [4], xlvi. 376 ; Pharm. J. Trans. [3], iv. 664, 672). 

fnfluf nce of Camphor on Vegetation. — According to A. Vogel a. L, Baab {Pharm. 
J. Trans. [3], iv. 1014), the growth of many plants is promoted by camphor, whereas 
on others it exerts either a doleterions influence or none at all. It accelerates the 
germination of seeds, A similar influence is exerted by water containing oil of 
turpentine. 

Action of Heat. — During the sublimation oi camphor, a quantity of oily liquid 
drops from the mass, resolvable by fractional distillation into a hydrocarbon of the 
terpene group, a body having the composition of a terpene hydrate, C‘®H**0, and a 
liquid oil containing less oxygen than camphor, together with much ordinary camphor 
(Beckett a. Wright, Cheni. Soc. Jour. 1876, i. 7). 

Reaction with Benzyl Chloride and Zino^diist. — When camphor is heated with 
benzyl chloride and zinc-dust, a violent action takes place attended with evolution of 
hydrochloric acid. The product, when distilled,, freed from hydrochloric acid and 
water, and again distilled, yields a viscid mass enclosing a crystalline substance, — and 
a liquid which, by repeated fractionation, may be resolved into six portions boiling 
respectively at 110°-1 12°, 151°~162°, l52°.>164°, 176°-178°, 189°-100° and203°-204°. 
The first is toluene, C’H* ; the seebnd a hydrocarbon, or C’"!!'® ; and the last 

arc oxygenated bodies, The fraction boiling at 

162”-164° is probably a mixture (Tommasi, Bidl. Soc. Chim. [2], xxi. 400, 451). 

Converawn of Camphor into a Terpene (J. Jliban, Ann, Chim. Phys. [6], vi. 378),—’ 
The camphor is first converted into bomeol, by the action of sodium 

(1st SufypL 368) ;*the borneol thus obtained (ta]^— +2*6) is transformed, by heating 
to 100® with fuming hydrochloric acid, int^ the hydrwihloride C*®H**.HC1, which is 
optically inactive, resembles ordina^ terebene hydrochloride, melts in an atmosphere 
of hydrogen chloride at 146°, and is decompose by water, slowly at ordinair tem- 
peratures, quickly when heated to 100°, with formation of a hydrocarbon, C*®H**, 
callod by Bibau, Borneo camphene (see Ti^bfrkes). 

Conversion of Terpene into Camphor. — Terebenthene, the Isevorotatory te^ne 
obtained from French turpentine oil (v. 921), is oxidised to camphor by boiling it for 
fifteen hours with chromic acid mixture, acetic acid and a small quantity of butyric 
acid being formed at the same timc.« The camphor is purified by distillation in a 
current of steam,^ washing with potash-ley, pressure, fractional distillation, and 
subUmati<^ with lime at 100°. Any traces ox the terpene that remain may be removed 

fractional sublimation, rejecting the first sublimate; if the camphor still retains 
bodies of father boiling point, it must be dissolved in nitric acid, predpitated with 
water, and finally sublimed with lime. The camphor thus obtained has the pnngent 
^our and other properties of ordinary cam^or, but melts at a somewhat lower tem- 
perature (172° oorr.) and is Imvorotatoiy ; l*]p* — 16'7°. By oxidation with nitric 
acid it yields a Oami^oric acid, which is also Isevorotatory; [aj^ — —6* 6°, 
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aad melts at » e*mphoHe acid ttom fanttl oamphor melts at 187^ 

(covr.) (Riban, loc. cie») • • 

Bromoeamphors, C**H**BK) and 0**H**Br*0 (ls< SttppL 887). — Thew com- 
poimds have been farther examined by Montgolfier (BuU, So^, [3]« acKiii* 288). 

Monobromo-camphor is but slightly soluble in alcohol, but very soluble in 
chloroform, carbon tetrachloride and benscne. It sublimes easiljr. When it is acted 
on by nascent hydros^n the original camphor is regenerated. This^ hydropfemition is 
most easily effected by a 2 per cent, sodium-amalmm in an alcoholic solution. 

Bibromo -camphor is most easily prepared by heating 1 mol. of camphfif and 
4 of bromine in aealed tubes. A large quantity of some liquid bod^ is produced at 
the same time, so that the dibromo-camphor does not always ciystallise immediately. 

It is best to leave the liquid at rest until it solidifies ; ^e yield is, however, small 
under all circumstances. This body does not sublixnjMj^ipreciably at 100^. It is less 
soluble in alcohol than monobromo-camphor, but^ssolrcs in the solvents before 
mentfbned, and presents generally the properties of the mono-brominated variety. 

The bromo-derivatives of camphor unite with acids similarly to camphor itself, 
and a compound of monobromo-camphor with hydrobromic acid appears to be 
obtained in the preparation of the bromo-camphors, in tlie form of a visrous strongly 
acid liquid, which, when exposed on a capsule, gives off hydrobromic acid, whim 
monobromo-camphor crystalliaes out. 

ThI compounds C‘*H‘*O.Br* and C**H**BrO.Br* may also bo fonned ; but thay are 
very unstable and are decomposed during desiccation. 

On Monobromo-camphor^ see also Miusch {Ckem. Centr, 1873, 487 ; Chern* Soo, 
Jour, 1874, 682). 

&ediim CamplAor. The ]euv<«s of the marsh wild rosemary (Ledum paliuii0 
yield, by boiling with W'ater, a volatile oil which soon becomes crystalline on expos^flte 
to the air. The camphor thus obtained is almost insoluble in water, but dissolves 
readily in alcohol, ether, and chloroform, from wliich solvents it soparates in fine 
prismatic crystals which are coloured dark-violet by^ a drop of nitnc or sulphuric 
acid, and yield orange-coloured crystals when boiled with nitric acid of sp. gr. 1*85. 
They give by analysis 83'4 )>er cent. C{irboQ 8nd 11*4 hydrogen from which J. Tropp 
(Deut. Chem. Gee, Bet. viii. 642 ) deduces the formula requiring 84 per cent, ^ 

C. and 12 II. Wright, however, points out (Chem. Hoc, Jour, 1876, 1038) that the 
analytical numbers agree b«‘tter with the mwre probable formula 0**H**0, which 
requires 8 . 3*3 C. and 11*1 H. 

The oil is converted by chlorine info a black mass. 

Aniee Camphor. Sea Axkthoi., p. 86. 

Jnuia Camphor, See Invldl. 

Wgnl Onmptior. This camphor, obtained from China, sublimes in well-defined 
crj'stals re»€*mbling those of borneol, with which it is isomeric. It melts at 204®, has 
a sp. gr. of 102, and vapour-density 78*98 (H-1), ugrt'oing W'ith the molecular 
formula (calc. 77). Its odour is ver|> much like that of ordinaty camphor, 

but less powerful (8. Plowman, Pharm, J. Trane, ji *6], iv. 712). 

CAWTHOUG AOX2>, « OH«(CO’H)» (Wreden, Liebi^e 

clxxxvii. 166, 168 ; compare 2itd Snppl, 26,6)* This acid, heated with hydrochloric or 
hydriodic acid, yields the hydrocarbons, Udrahydro-isoxylene, and hexhydro- 

isoxylene, separate or mixed, according to the conditions of the experiment. 

The reactions by which these Ixslies are formed are represented by the equations : — 

0’*H**0* « 0*H»» + H»0 + CO + CO* 

C**H**0**«. C»H»* ^ 2CO» 

Pure hexhydruisoxylene may be obtained : (1). By heating 6 grams of camphoric 
acid to 280^ in sealed tubes ^or aboub fifty hours with 80 c.c, of hydriodic acid 


exhrbits the composition and when gently heated with twice its volume of a 

mixture of nitric and sulphuric acids is converted into trinitroisoxylene, C*H*(NO*)*. 

(2). By heating 4 grains of camphoric acid to 200® for ten hours with 8 e.c. 
hydri^ic acid of sp. gr. 1*7. washi^ the reacting heavy oil with water^ad again ^ 
heating it for nine hours to 200® with hydriodic acid of the same strength. * 

HexhrdroUcaylene. mixed with a small quanti^ of the tetrabydro-oompoiind^ ta 
obtained by heating 4 grams of camphoric acid to 130® with hjdriodte acid saturated 
at 0®, and treating the resulting heavy iodated oil with aleohonc potash. 

Tetrahydroisoxyleo^ mixed with a small qaantatj of the heuydio-eompotuid, is 
obtained : (1). By heating camphoric aci^with hydrimic acid of sp. gr. 1*7# as in the 
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second method ^of^repariitt ^ezhydro-isoxylene, using, hpirever, a smaller propoTtion 
of the acid, and i&i6diatc& treating the product of the*first operation with alcoholic 
potash, instead of again subjecting it to the action of hydriodic acid. The product 
thus obtained boila and has nearly the eompofiition 

(2). By heating 7 g^ms of camphoric acid to 200® for ten or twelve hours, with 
about 15 O.O. of hydrochloric acid saturated at 0®, wifehiug the product with aqueous 
sodium carbouate and with water, distilling, and treating the distillate with alcoholic 
potash, or distilUng it over lime, to remove chlorine, and finally purif 3 ring it with 
sodium. The product thus obtained boils at 118®-122®. 

Tetrahydroisoxylene is also obtained by dry distillation of the calcium salt of 
oxycampboric anhydride, (camphoric acid), and by heating the same anhydride 

with water to 180® ; and a hydrocarbon having the same composition but boiling at 
105®, is obtained, according^ to Moitessier, by distillation of cupric camphorate 
Suppl, 235, 236). That IS^e former hydi^arbon (b. p. 118®-122®) is really 
tetrahydroisoxylene is shown by the fact that when oxidise with chromic acid nlixtare 
it yields isophthalic acid together with acetic and isotoluic acids, the same products 
that are obtained by oxidation of isuxylene. 

The formation of totruhydrodsoxylene by the action of HI or HCl on camphoric 
acid is preceded by the conversion of that acid into the optically inactive variety, 
Tneaocamphoric acid (2nd Suppl, 235): hence it appears probable that inactive 
camphoric acid is the dicarbon-acid of tetrahydro-isoxylene, and that the drdlnary 
dextrogyrate acid stands in the same relation to the isomeric hydrocarbon 
boiling at 106® (Wreden). 


OAMVHOKOSrZC A.OZl>. C®H»0» (Kachler, Deut, Ckem, Ges. Ser. vii. 1728). 
This acid, produced, together with camphoric acid, by oxidising camphor with nitric 
acid (2nd Suppl. 237)i may be separated from the resulting solution — after evapora- 
fion, to remove as much as possible of the excess of nitric acid — by super-saturating 
with ammonia, adding barium chloride, and boiling the filtered solution. Barium 
camphoronate then separates as a heavy sandy precipitate, which may be decomposed 
by dilute sulphuric acid, the Solution agitated with ether, and the ethereal solution 
evaporated. A syrupy mass is thus obtained which, when dissolved in water and 
slowly evaporated, with addition of a few drops qf nitric acid, yields camphoronic 
acid in the CTystalline state. The filtrate from the barium salt, when precipitated by 
sulphuric acid and agitated with ethetii yields camphoric acid aa a thick syrup, which 
soon ciystallises. The solution from which the barium has been precipitatkl, how- 
ever. still contains another acid, which may be obtained by neutralising the 
solution with ammonia, concentrating by evaporation, and after separating the 
ammonium sulphate and chloride which crystallise out, precipitating with cupric 
acetate. The bluish-green precipitate, w'hen decomposed by hydrogen sulphide, yields 
an acid, which crystallises in large, colourless prisms, meltiug at 154'd®, and 

easily soluble in water. 


OAJrTBAJU9aS. According H. Focklington (Pkarm. J. Trans. [3], iii. 
681) the extracts obtained by treating cantharides with alcohol, ether, and carbon 
sulDhide, exhibit absorption-spectra agreeing with that of chlorophyll, whence it is 
fRoable that the colouring matter of cantharides is derived from the plants on which 
they feed. 

Caniharidin^ the active principle of cautharides, is commonly said not to volati- 
lise with vapour of water (i. 736). According to £. Rennard however (Chem. Centr, 
1872, 568), a cofisiderable portion of it passes over on distillation with water; but 
old samples of cantharides sometimes yield no ccKitharidin when thus treated. 
Cantharidin also volatilises with vapour of chloroform. The aqueous distillate of 
cantharides contains an animal oil of low boiling point. 

The solubility of cantharidin in various* liquids been determined by Rennard 
with the following results ; 

Per cent, of cantharidin 
dissolved. 


Boiling water . . . 

Cold water • , • 

Boiling alcohol 

Gold idcohol .... 
Bdiling bensiu 

Cold bcoisiu .... 

Hot hydrochloric acid (sp. gr. 1'17) 


0*290 -0*297 
0*020 

2 030 -2*168 

0*127 

3*38 

0*51 

0*3 

0*137 


On the decomposition of Cantharidin in Cantiiarides, see R. Wolff (.'froA. Pharm. 
[3], X. 22 ; Chem. Soc^ J. 1877, i. 722). • 



CAOUTCHOUC— OAPaOlO AC®. •/ 87»sr. 

CAOUVOSOVO. i>mut4fy.--Ae<»Tdlng to K. 1876, 146), 

tha density of enoutchoue attains a miiuinnm at % certain td^paratiitli which is lower 
as the mechanical stretching of the caoutchouc is greater. ^ vi* 

Dry iHsttflo^tmi.^Boochardat (jBuI/. CAtm. [2], »iV. ^as made farther 
experiments on the distillation of caontehono (compare voL i p. 7^9)* FllW kilograms 
of new caoutchouc yielded 260 grams of isbprtmo, C*H* ; 2006 grams of caoittchin, 
rolatile at 176®-.180®; and 600 grams of heveene, C**H**, volatile at •266®- 
265®. There remained other less volatile products, less and less fluidjf some distiUing 
below 860®, among which was probably the carbide, C^*H**, and others which decom- 
poeed by heat and produced the preceding carbides. Caoutchouc may therefore be 
regarded as a hydrocarbon resolvable by heat into a series of lower poly- 

mer ides. 

Caoutchin, washed with slightly acidulated water and rectified rapeatedly from 
sodium, is a volatile liquid distilling at 177®“170®\ Its density is 0-866 at 0®, 
and 0*8t2 at 20®. In odour and many other properties it bears a stroi^ resemblance 
to turpentine, osp^ially in absorbing and combining with hydrochloric acid. Con- 
centrated sulphuric acid modiOes it^ and produces a certain quantity of ejmene, 
but the larger part is converted into polymeric hydrocarbons, and 

C**H**, the latter by diy distillation reproducing a terpeiie, C**H**. No tcrebene 
appears to be formed by the action of sulphuric acid, as the most volatile of the pro- 
ducts dodli not boil below 173° (compare t. 736). 

OiUMEZiXukJtXTT. On the Mathematical theory of Capillarity, seo Roger 
(Compt, rend. Ixxvi. 816): Lasewitz (jPdw. Ergons, vi. 441-477). 

On the Movement of liquide in Capillary Tubes, seeDechaime {Ann, Chim, PAys. 

[4], xzvii. 288 ; [6], i. 6-99 and 318-342 ; Compt. rend. Ixzvii. 691 ; Ixxtx. 462). 

On the Efflux of Liquids from Capillary Tubes, and the influence of Temperature 
thereon, see Ouirout {Compt. rend, Ixxviii. 361 ; Ixzix. 1201; JeJireob, /, Ckem, 
1874, 34; CKem. Soc. tl. 1876, i. 329); also Baumgartner (Pogg. Ann, cliii. 44; 
Jahresb. 1874, 36). 

On the Cooling Effects produced by Capillarity : Decharme {Compt, rend, Ixzvii. 

998, 1167; Ann. Chim, Phg9. I6l, iii. 236-267; Jahrub. 1873, 22; 1874, 26; CAc/n, 
Soc.J. 1874, pp. US, 210). 

On the relations between Capillary and lilectric Phenomena : Beequcrol {Compt, 
rend. Izxvi. 1037 ; Ixzix. 82; CAem. Soe. J. 1873, p. 1186; 1874, p. 1126); further 
{Compt. rend. Ixxx. 411, 686 ; Jahrenb.f. Chent. 1876, 102) ; also Lippmann {Pogg. Ann. 
cxlix. 646; Phil. Mag. [4], xlvii, 281; Compt. rend. Ixxvi. 1407; Chem. Soc. J, 
1873, p. 1094); further Chifa. Pkga. {6|, v. 404; Jahreab.f. Chem. 1876, 106). 

OA9AOXC ACZ2>y C*H'^0^. Tlie following table (p. 378) exhibits a comparison 
of the properties (1) of ordinary caproic acid, prepared from the cyanide of fermen- 
tation amyl alcohol (i. 743) ; (2) of normal caproic acid from normal amyl 
cyanide (2/tJ SuppL 260) ; and (3) of the caproic acia contained in the crude butyric 
acid of fermentation {ibid. 261); — '■ J 

From the data in this table Lieben infers that ff^vmentation caproic acid is in af 
probability identical with the normal acid. Ho observes also that the calcium sal^i, 
of all the normal fatty acids (except formic, arid) contain one molecule of crys-" 
tallisation-water.* ‘ • 

Kottal describes also the strontium salt of fermentation caproic acid, 
8r(C*H"0^)* + 3HK), as forming crystalline laminw having a solubility of 8*9 at 
24® (in the sense of footnote, p. 378); also the cadmium salt, Cd(C*H**6*)*-*-2H*0, 
having a solubility of 0*96 at28*AP, and the rincsalt, Zn(C*H''CF)* H*0, which forms 
indistinct ciystrfls having a solubility of 1*03 at 24*6°. 

Recent observations on the properties of normal caproic acid and its salts by 
Lieben a. Janecek {LidA^e Anruelcn. clxuvii. 126 ; Chem. Soc. J. 1877, ii. 879) agree 
very nearly with those of Lieben a. Rosei. 

Foe the solubility of the calcium and barium ealts, Lieben a. Janecek give numbers 
somewhat different from those found by Kottal and by Grillone, viz., for the calcium 
salt, 0a(0*H“0*)* + H*0, 2*36 per cent, of theanhy^ua salt ut 12°, and for the 
barium salt, 12 per cent, at 11-6®. • 

Normal Caproic aldehyde^ prepared by the dry distillation of 

10 pis. of calcium eaproate and 74 Jpts. of odchim formate, forms, when pure, a limpid 
colourless liquid with the charactenstic aldehyde odour, boiling at 127*9® under a pri K' 
aure of 737*6 mm., and having a sp. gr. of 0*8498 at 0°, of 0*6886 at 20®, aod of 
0*8208 at 40®. With sodium bisulphite it yields a white ezystaUine mass. It is 
readily oxidised, and as readily polymerised. 

« Ttie only known exoeptloii to thSn law tii p rw m tcd by tbs caidntn mH of fennentotbia tratyrtc 
acid, which, according to Llnnemaxin (Litbig's AHmafcn, dx. 196), CfyKtaUiiKii; with JUV. 
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^^ 5-8 


Free acid 

t ■ ' 

' f* 

Ordinaty Caproio acid 

Boils at 199*7*' (bar. 
732 mm.i Slightly 
optically active (Lie- 
ben a. Kossi, Liebigs 
Annaleiif clxv. 118). 

€ 

NoTTnal Caproic acid 

Boils at 204*6®l205*6® 
(bar. 7385 n^m.) 

Sp. gr. = 0*9449 at 0° ; 
0*9294 at 20® ; 
0*9172 at 40® ; 
0*8947 at 99® (Lie- 
ben a. Kossi, Gaze, 
chim. ital. iii. 27). 

Fermentation Oaproie 
acid 

Boils at 205® (bar. 
746 mm.) 

Sp. gr. = 0*9433 at 0® ; 
0*928 at20®; 0*9164 
at 40®. Optically 
inactive (Lieben, 

lAebig's Annalen, 

choc. 89). 

Ethylic 

ether 

*■ 

Boils at 160*-#"-*fcorr. 

2*6®) (bar. 737*mm.) 
Sp. gr.* =0*887 at 0®; 
0*8705 at 20°; 0-8566 
at 40® (Lieben a 
Hossi, loc. cit,) 

Boils at 166*5®-166® 
(corr. 3*1®) (bar. 
736-8 mm.) 

Sp. gr. = 0*8898 at 
0® ; 0*8732 at 20° ; 
0*8594 at 40® (Lie- 
ben a. Kossi, loc. cit.) 

Boils atl66*9®-167-3® 
(corr. 3*6) (bar. 738 
mm.) 

Sp. gr. =5 0*8898 at 0® ; 
0*8728 at 20® ; 

0*8596 at 40® (Lie- 
ben, loc. cit.) 

Calcium 

salt 

Ca(C‘'H*'0*)* + 3H30 
Solubility t at 18 6® 
— 11*3; greater at 
higlior temperatures. 

Ca(C«H»'0*)2 H=*'0 

Solubility at 18*5® 
— 2*70 ; somewhat 
greater at the boil- 
ing heat. 

Ca(C“H“0»)* + H-’(^ 
Solubility at 21®- 
22® = 4*4 (Grillone, 
Z»>5..i4nn. clxv. 127). 
Solubility at 19*5° =» 
2*78 (Kottal, Lieh. 
Ann. clxx. 95). 

Barium 

suit 

Ba(C**H"0«)".+ 2H«0 
Solubility at IS'S"* =■ 
34 *66 ; loss at higher 
temperatures (Lie- 
bon a Kossi). 

Ba(C«H"0-)=* 
^Solubility at 18*5® =» 
8*49 : considoral>ly 
greater* at higher 
temperatures (Lie- 
ben 41, Kossi). 

Ba(C»H>»O0'* 

Solubility at 21®- i 
22® = 8*3 (Grillone) [ 
BaCC-H^O*)'^ + 3H-0 i 
Solubility at 19*5®- i 
2*75 (Kottal). 1 


• The flpeulflc tjravltles are referred to water of equal temperatoro. 

t Those numbers denote the quantity of aiihydroua salt contained In 100 pt«. of solution siitwatcd 
at the temperature Bpodlled. 

Caproo7ie or Dipentyl Ketone^ CO(C*H”)*, found amongst the higher-boiling 
fractions of the crude aldehyde, is, aiter purification, n white crystalline body melting 
at 14’6^ and boiling at *226’3® at a pressure of 740 mm., whilst its sp. gr. at 20^ is 
0*8262, and at 40® is 0*8} 59. Its At\pour-density is 5’98. 

Vj. Schmidt found a caproon^from a similar source to boil at 220®.221®, and to 
kvo a sp. gr. of 0*822 at 20^* {C^m, fioc. 1872, 892). The caproone obtained by 
Trnzier and Gtossleth (i. 744) boiled at 165®, and must have been entirely dissimilar. 
Caproone is nftt acted on by sodium bisulphiti! solution ; it forms substitul ion-products 
with broiiiine, and, when oxidised with biehromate, decomposes very slowly, yielding 
principally valeric acid and carbonic anhydride, with traces of butyric acid (Lieben 
a. Janocek). * 

Zaooaprolo or Sklatbacetio CH(C*]i»)*CO*H. Ethvlic diethoxalato 

(iv. 273) trotUed with phosphorus pentachloride, yields the ethylic ether of chloriso- 
caproicacid: ^ 

CO(Cr'H»)H 

I + PCI* « PCI*0 + HCl + (C*H»)’CCl.CO*C*H* 

cooc*n* 

which by reduction with sodium-amalgam is converted into isocaproic acid. 

Chlorisucaproic ether is resolved ^ distillation into hydrochloric acid and ethyl- 
crotouic ether, C*H^(3*H*)0.00*Bf* : 

« OH>»C10.0C*H» - HCl -I- C«H»O.OC*H*; 

and the ethyberotonic etlier, treated with sodium-amalgam, takes up 2 at. hydrogen 
and is converted into isocaproic ether, C*H'*O.OC*H*, which by saponification yields 
isocaproic add. Both processes yield at the same time ethyl-crotonic acid, wldch boils 
at nesrly the same temperature as isocaproic acid, and is therefore difficult to 
separate. , 






CAPRTLIO AOID. 

Ethyl'crotonie acid unitea with hromiHe, forming dibrnoiijmeaproio acid, 0*H**Br*0*, 
which ia czTotalUne and melta It 177" (Il^ljaagift> iMUtCAain. <r«a Ser, vi. 117fi)* 

mbodimntlineetlc Ao&dt |^^|0(C^H*).CO^H. Tida ia pother isomeride of 

caproic aoid, the nitril of which is formed by the action nf Dotasaio-mercnrio cyanide, 
2KCy.HgCy*, on ethyl-dimethyl-corbinyl cyanide, (CH*)*C(C*fl*).CN, The crude 
product of the reaction boils between 130" and 100", and fields, by repeated fractional 
distillation, a portion which boils at 130" and aolidiflea m a mixture of ice and salt ; 
and this, which is the pure nitril, is converted, by heating with fuming hydrochloric 
acid, into ethodimethacetic acid, which boils at 187", and crystallises at «-14". Its 
barium salt, (C*H**0*)*Ba + 6H-0, crystallises in large scales (Wishnegnidsky, Deut, 
Chem. Ges. Ber, vii. 730). 

OAmTUO ACZ2>a C*H**0^ The identity, .dHwt pointed out by Zinche 
(Is^ Supfl. 395) of the 8-carbon fatty acids prepareci : (1) by saponification of cocoa- 
nut oil, and (2) oxidation of octyl alcohol from Heracleum oil (octylio acid), has 
been confirmed by the experiments of J. van Honesse {Liebia's Annalen, clxxi. 380), 
who gives the following comparison of t he properties of the aci<Li from those two sources 
and of some of their salts : — 


C*H*«0* 




BatC*H»^0=)- 


Caimv^o-y.ivo 


Octylw acid 

Boils between 235® and 238", 
under 757*8 mm. pressure ; 
molts at 16'" to 17". 

Boils ]>etweon 207® and 208", 
under 763-2" mm. pressure. 
8p, gr. at 0" — 0*8866 ; at 
! 16® -r 0-8732. 

Cr^'ataliisos in small auhy- 
<lroua plates ; 100 parts cd 
water dissolve 0-6101 of 
! salt at 20". 

: Water lost at 130®, 
i Fine anhydrous crysttils, 

I melting at 136 ®. 


Caprylio acid 

Boils between 236® and 237®, 
under 761*7 mm. pressure; 
melts at 16® to 16*5". 

Boils between 207® and 208®, 
under 753*1 lum. pressure. 
^Ip. gr. at 0® 0 8871 ; at 

16® r, 0-8730. 

Crys tall isos in small anhy- 
drous plates ; 100 |)arts of 
water aissolvo 0*6204 of salt 
at 20". I 

Water lost at 130". ! 

Fine anhydrous plates, melt- ■ 
ing between IS.') " and 136®. { 


As tli»' octyl alcohol of Uoracleum oil is the is<»primary alcohol (2fMi Suppl. 868), 
the caprylic acid formed from it must have the constitution (CH*)* — (CH*)^ — COOH. 

Derivative s of Caprylic Acid. 

AuUlooaprylio 41010, OH**(NH*)0» (Erlcnmeyer a. Sigel, lAdnfs 

Annalen, clxxvi. 341). This acid is formed by tnu^ing normal heptaldehyde-ammonia, 
or C’H'*(Nll’*).OH (cBnanthol-ammonia'^ with hydroevanio acid, boiling 
the resulting cyanide, C‘H*\Nil^).CN, writh hydrochloric acid, and decompoeing the 
chlorinated acid (amiducaprylic hydrocldoride) thereby product^ with ammonia. The 
successive steps of the reaction may bo indicated l)y the following equations : 

C*H‘» o«n»* 


I 

HCNH* + ONH 
OH 


n*o 


aiKH” 


C*H'* 

HCNH» 


Amidocsprylo* 

nitril. 

0"H*» 


+ 2HH) + 2Ha NH‘a + NIIKJI 

lx)OH 


AmJdocimtylfo 

Iftjdroduoiide. 


C*H'* 

HC— NH*C1 


^X>OH 


+ SB* m SH>Cl + 


C*H“ 

ioi 

AxnidocspD'Ue add. 
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CAPRYLIC ACID. 


The ami jo-acids (glyc9ciiies} of the fatty series^to which amidocaprylic acid 
belongs, are usually represented by%hegenend formula OH**"^* — CH(NH*1 — COOH; 
but this formula does not easily account for their property of uniting with acids as 
well as with bases. Hence Krlenmeyer a. Sigel p/opose to represent them by the 
general formula CH'-®*** — CH — NH*, of which that abore given for amidocaprylic 
i-COO-: ^ 

acid is an example. This formula easily explains tlie combination of the molecule 
with an acid, HGl for example, by the attafmment of Cl to the group NH*, of H to 
COO, and the severing of the link between O and N. The formula thus altered 
represents an ordinary acid containing the carboxyl group, vix, — CH — ^NH*01 

ioOH 

Amidocaprylic acid ctyst^lises in white laminae having a mother-of-pearl lustre, 
very slightly soluble in alco^l, ether, and cold water, soluble in 150-160 parts of 
hot water. The solution is perfectly neutral to vegetable colours. The ac*ld, when 
carefully heated on platinum foil, volatilises completely without previous fusion. 

Salts of Amidocaprylic acid. — The hydrochloride, C^** — 

separates on cooling from a solution of amidocaprylic acid in hot dilute hydrochloric 
acid, in broad needles, but on evaporation of a solution prepared in the , cold over 
sulphuric acid, in asbestos-like needles. In both cases the crystals have a silky lustre, 
which they retain in dry air ; in moist air they Ix^come dull, and give off hydrochloric 
acid. 

Amidocaprylic Nitrate^ C*H'* — ' prepared by cooling a warm solu- 
tion of amidocaprylic acid in nitric acid, forms slender needles. By slow evaporation 
of a cold solution over sulphuric acid, largo well-formed crystals of the triclinic system 
are obtained. The nitrate contains no water of crystallisation, and keeps its brilliancy 
in dry air. 

Amidocaprylic Sulphaie* (C*H*’'N0*)^.80*H’'*, sepamtes out on evaporating a solu- 
tion of amidocaprylic acid in dilute stUphuric acid in a desiccator, in the form of four- 
sided tables, which cannot easily be freed fronr. adliering sulphuric acid, since the salt 
is very readily decomposed by water. 

Ctipric Amidocaprylate, -* C*H'* — CH — NH-cu', is obtained by 

'-COO-» 

mixing a boiling solution of the acid with cupric chloride. 


Amidocaprylonltril. — CH<^q^^ is formed, together with 

imidocaprylonitril, 0*®H'“N*, by the action of hydrocyanic acid on mnanthol -ammonia. 
To prepare it, 90 grams of oenanthol-ammonia and 120 grams of hydrocyanic acid (20 
per cent.) are shaken up in a well-stoppered vessel till the temperature ceases to rise, 
whereupon the liquid separates intcX^wo layers. After pouring off the aqueous layer, 
about 150 grams of hydrochlorir acid (5 per cent.) are added, and after shaking the 
Jiquid and leaving it to clarify, the hydrochloric acid solution is poured off from the 
oily layer, and tlie latter is again treatfd with about 1 00 grams of acid. The undissolyed 
oil is the purdf imidonitril. The acid solution alsostill contains some of this nitril, which 
is extracted by ether. The solution is next exactly neutralised with ammonia, when 
the amidonitril separates as a yellowish oil. This oil is dissolved in ether ; the 
solution is dehydnvted by calcium chloride ; hydrochloric acid gas is passed into the 
anhydrous liquid ; and the crystalline precipitate (Stained is filtered off and washed 
witli absolute ether. When repurifled by sohition in alcohol and precipitatioD with 
absolute ether, the hydrochloride of amidooaj^rylonitril is obtained in crystals, from 
which, when exactly neutralised with ammonia, th& pure amidonitrLl separates. This 
nitril is an almost colourless oil, which has a peculiar somewhat sharp smell, and 
solidifies at —5^ 6^, hut liquefies afterwards at 0*^. It is miscible in all propor- 

tions with alcohol ud ether, but is almost insoluble in water. It dissolves perfectly in 
very dilute hydrochloric acid, but loses this property on keeping, because it becomes 
changed, with loss of ammonia, into the imidoDitril. 

.N»H«Cl 

The C*H>*N=,HCl — C^H*^ I , crystallises in white satiny, 

six-sided plates, easily soluble in water and in alcohol, insoluble in absolute ether, 
very sligWy soluble in strong hydrochloric- acid. The platinoehloride, 
2(C*H**N*.HUl)J?tCl\ separates on adding platinic chloride to a smntion of the 
hydrochloride, in shining yellow plates, nearly insoluble in water, easily soluble in 
alcohol and in a mixture of alcohol and 5ther, insoluble in absolute ether. 
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Th« hydrooMoride, Iwiled with hydroohlorio add (ip. n. I '10), is colspletely eon* 
rerted into amidoeaprylic hydiOehloride. When diydrodiibrie acid gas is passed to 
sataration into an aqueous solution of amidocapxylonitril hTdtochloride, wiVt cmatani 
cool^, almost the whole of the dissolved sidt sepaxates without change in the crys- 
talline form ; but if the vessel is dipped mfy from time to Hme into cold tMtor, a 
pmipitate is formed consisting qf a mixture of the hydrochlorides of amidocaprylo- 
nitril and amidoeapxylamide. If the hydrochloric acid gas is passed into the liquid 
wUMout cooling, great heat is evolved, and the separation of ci^staU does not laho 
place till the Liquid has attained its highest temperature. 

AmidooapryUimlde, COONH* To separate this 

base, the hydrochloride, obtained as just de8cril>ed» is freed from the mothor-liottor 
and recrystsUised from boiling alcohol. A cold saturated sf^ptiun of the salt is then 
mixed with ammonia and shalcen up with ether. Aftei^vi^ration of the ether, a 
colourlm syrup is left, which has a strong alkaline re^tion, and gradually ciystal- 
lisea. The base is so difficult to prepare free from carbonate that its properties in 
the free state have not been examioe<L 

The hydrochloride^ C*H**NK).HC1, prepared as above, crystallises in small, bril- 
liant, flat prisms, which are more soluble in water and alcohol when hot than when 
cold. It is precipitated from its solution by hydrocliloric acid. The pUUinochloridc, 
2(C*H**I^.HCl).PtCl<, is precipitated from a solution of the hydrochloride on addition 
ot a neutral solution of platinum chloride, in four-sided plates with truncated summits, 
which dissolve sparingly in water but are more easily soluble in alcohol. 

Carhonate of Amidooaprylamide , — Attempts wore made to pn^paro this salt 

(1) by passing carbon dioxide into an aqueous solution of the free base ; (2^ by mixing 
a saturated solution of hydrochloride of amidocaprylamide with sodium bicarlyonate ; 

(2) by mixing the solution with sodium monocarhoiiate. The results obtained in these 
reactions gave, as the approximate formula of the Ixxly (C'*ll**N*0)*C0*. The salt 
obtained is therefore not a regular carbonate of the amido-amide, since it wants a mole- 
cule of water, the elements of which must have been sopaniteil during its formation. 

When this suit is mixed with a solution of brriam chloride at ordinary temperature, 
hard, warty, crystalline bodies separate after a time, and stick to the sides of the 
vessel. If the solutions are heated on the water-bath, or boiled, pure barium carbonate 
is thrown down. Thu crystalline precipitati^ appears to bo the barium salt of copryU 

amidlmidocorhonic acid, C*H'*N*0*, or which is produced 

simultaneously with the hydrochloride of amidocaprylamide. The compound formed 
by the action* of airl/on dioxide or sodium carbonate on amidocaprylamide, is the 
amidocaprylamide salt of this acid, C*H**N*0*+ (7H**N*0 On beating 

this salt with caustic potash on the water-bath, it splits up into potassium carbonate, 
ammonia, and amidoeaprylic acid. In like raanner, the hydmhloride of amido- 
eaprylamide, heated witn hydrochloric acid, spliu up into the hydrochloride of amido- 
caprylic acid and sal-ammoniac, so that a progp^ssive change takes place from the 
amidonitril through the amide into the amido-acid. 

XmI4«o«pr»torttrU, - Whan 

p^^uet of the action of hydrocyanic acid on cenanthol-ammonia (p. S'BO) is treated 
witli dilute hydrochloric acid, amidocapnrlcnitril is dissolved, and imidoeaprylonitril 
remains in the form of a thick colourless oil, which crystallises between 6^ and fl*’, 
dissolves easily in alcohol and ether, very sparingly in water and iii dilute hydro- 
chloric acid. It is decomposed % boiling with silver nitrate, yielding silver cyanide 
and oenanthol. On heating it for half an hour with 16 parts of hydrochloric acid in a 
vessel with vertical condenser, and then distilling, formic acid, hydrocyanic acid, and 
oenanthol pass over, while amidoeaprylic acid remains behind. With fhming hydro- 
chloric acid at 106^ it yields the same products, with the exception of hydroi^anie 
acid. With the same acid at the temperature of the water-la^, the products are 
imidoeamyUe aM and imidoeaprylimidc, separable by boiling wtflF sodium cartxmate, 
which dissolves only the former. 

SmldooapiTlie » NH , is a white tasteless powder, 

C*H«.CH.OO.OH • 

which becomes pasty at 18<P, brown at 180^-190^, and melts with decomposition 
h^ween 210^ and 216^. When boiled with hydrochloric acid of the strength of 20 
per cent, it diesolves without deeomporition, and the aolntion on cooling deposits 
brilliaat needle-shaped cxyatals of the hydrodiloride of imidocapiylie acid ; but when 
heated to 180^ with hydrochloric acid of 40 jpsr cent it is resolved into amidoeaprylic 
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a ciyptociystalliiie pra- 


melta at 79‘5^, is iosoliible in cold and nearlj insoluble in hot water. Hot stro^ 
potash-lej converts it into imidocaprjltc acid. Its hydrochloride crystallises in 
needles, and is decomposed by boiling water. 

CAUACBTOXTlbZC JLCZB, On the formation of this acid from 

iS'Chloropropionic acid, see Pbopionic acid. 

CAKBASbBYUC ACZB. See Tricabbaixthc acid. 

CABBAXHZC ACXfr, K^^-CO.OH. This acid is formed, together with carbonic, 
oxalic, and oxamic acids, and water, by oxidising glycocine in ammoniacal ^solution 
with potassium permanganate. The carbaraic acid is a direct product of the oxidation, 
and its ammonium-derivative appears to be formed whenever carbon dioxide and 
aTnmonia come together in the nascent state, and therefore in the animal oxganism. 
Ammonium carbamate has in fact been found in the serum of dogs* blood, and this 
salt is convertible by dehydration into urea, which is the amide of carbamic acid. 
Ammonium carbamate is also produced by the oxidation of ammoniacal solutions of 
sodium formate, leucine, tyrosine, and albumin with ammonium permanganate 
(Drechsel, J.pr. Che^n. [2], xii. 417). 

OarlOamatea. The only carbamates hitherto known are the ammonium salt and 
the alcoholic carbamates or urethanes; but Drechsel {J. pr, Chmi. [2], xvi. 180) has 
lately prepared and examined the carbamates of the fixed alkalis and alkaline 
earths. 

Ammonium CaThamaie^ NID.CO.ONH^— When carbon dioxide is passed into 
milk of lime diluted with 3-4 times its volume of strong aqueous ammonia, a clear liquid 
is obtained, which is decomposed by heat, with separation of calcium carbonate, and by 
sodium carbonate, with immediate precipitation of the same salt. It appears then that 
carbamic acid is formed by the union of carbon dioxide and ammonia gases in presence 
of water, showing that the affinity between th8se gases is greater than that between 
lime and carbon dioxide, and afifbi^ing strong grounds for regarding aqueous ammonia 
ns simply a solution of the gas in wa*^r. Ammonium carbamate in solution is slowly 
converted into the carbonate. The conversion is, however, incomplete, and is much 
impeded by the presence of free ammonia. Even on long boiling of its solution, the 
carbamate is not completely decomposed, and in presence of ammonia it is compara- 
tively stable. Conversely, ammonium carbonate, jn aqueous solution, parts with the 
elements of water and is converted into the carbamate. 

Sodium Carbamate, NH^.CO.ONa, is prepared by gradually adding an alcoholic 
solution of sodium ethylate to a solution of ammonium carbamate in aqueous am- 
monia, tlio liquid, according to its^concentration and temperature, yielding either 
crystals, or an oil which, on addc:.ion of absolute alcohol, solidifies to a crystalline 
jnass. The crystals thus obtained are fine prisms containing water of crystallisation, 
and very efflorescent. If placed in a dosed vessel while still retaining their water of 
crystallisation,' they soon decompose, with evolution of ammonia. Placed over 
sulphuric acid, they quickly lose their waCbr at ordinary temperatures, and the dry 
salt mny then be kept without alteration. 

Sodium caibamate is veiy soluble in water. The recently prepared solution made 
with anhyilrous salt even several days old, remains <ftiite clear on being mixed with 
solution of calcium cldoride, and only gradually becomes turbid, just like a solution 
of pure calcium cnrbimate. The salt when heatejl decomposes in difierent ways, 
accordingly as it is anhydrous or crystallised. In the latter case it gives off large 
quantities of ammoniiv, water, and carbon dioxide (or ammonium carbonate), and the 
residue, which does not melt at a gentle heat, contains nothing but sodium carbonate ; 
the anhydrous salt, on the other hand, gives off less ammonia, and leaves a partially 
fusible residue containing sodium cyanate. These decompositions may repre- 
sented by the following equations;*^ 

2(NmCO.ONa) + xH*0 « Na»CO» + NH*CO.ONH* + (x-l)HK). 

CxystoUlsed salt. 

NH».CO.ONa « N.CO.Na + H*0. 

Anliydreus salt. 

The water produced in the latter case acts on another portion of the dry salt in the 
manner shown by the first equation. ^ 


crystallises in needles, 


acid and polymerised csnanthol. CeUemm imidoeaprylaU i 

cipitate. ' « ^ 

0«H».CH.00y 

limdooapr3rlImldepC**H*®N*0*« NH # NNH, 

0*H**.0H.C(K 
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Carham^tt^ NH*.CO.OX« ic pnpmd, (1) Bj addii^ « solution of 
potBMiiim in absolnto alcohol io the ammoniacaL mothcosliqnor lemaining fW>m the 
preparation of ammonium carbamate. The after a fbw hoars, or more quickly 

at 0^, yields small needles and prisms of the anhydrons salt. (2) By saturatiiig a 
solution of potassium in absolute aloohol with ammonia gas at 0^, and paming dxr 
carbon dioxide into the liquid, whereby an amorphous flocoulent precipitate is formed, 
which, after standing in the mother-liquor for some hours, changes into a eiystalline 
mass of granules and small needles. 

This salt, when heated, decomposes exactly in the same manner as the anhydrous 
sodium salt, the residue fusing partially and containing potassium oyanate, which, ns 
in the case of the sodium sal^ U decomposed by the water separated in the first 
instance. No cyanamide is formed by the decomposition of either of these salts. 

Calcium Cardamofs, (NII^CO.O)^Kla, ispreparodby passingcarbou dioxide into 
strong aqueous ammonia (sp. gr. 0*946 or lower), ancL ^^udually adding fkush milk 
of limeetill it no longer dissolres even on briak sgifation —the liquid, on the other 
hand, be^nning to deposit crystals. These aro left i<>r a while to separate, and the 
solution ]B then pourea into about an equal volume of absolute alcohol cooled to 0^, 
whereupon a thick amorphous precipitate is formed which becomes eiystalline after 
a while. It is then intrMuced into a wide gloss tube containing a filter of glass-wool 
and well-washed sand ; the mother-liquor is drawn off ; and the precipitate is once 
washed with a mixture of absolute alcohol and strong ammonia inalrout equal volumes, 
then with absolute alcohol, lastly with absolute ether, and immediately drim by miickly 
drawing a current of dry air through the tube. The rapid evaporation of tne dry 
ether causes a reduction of temperature sufficient to prevent decomposition of the 
salt. 

Calcium carbamate thus prepared is a very fine cmtalline powder made up of 
microscopic prisms, which have the composition 2(NU*.CO*)*Ca -»• H*0, and exhibit 
forms often assumed by gypsum. It dissolves in water, forming a solution which is 
perfectly cleitr at first, but soon becomes turbid from separation of calcium carbonate. 
The addition of ammonia renders the solution more stable, the stability being greater 
ns the ammonia is stronger. From a saturated solution in warm ammonia the salt 
crystallises on cooling to 0^ in splendid four-sided prisms 1-2 mm. long. When 
recently prepared it is scentle*iK bue> even after a few hours it begins to smell of 
ammonia, being decomposed by its own water of ciystallisation. Acids, even acetic 
acid, decompose it with cflervoscence. ThecrystJfllisM salt, hosted to 95®-100®, gives 
f>ff ammonia and aqueous vapour [? carbon dioxide], and loaves a residue apparently 
consisting of carbamate and carl>onate of calcium : 

2(NH*.CO.O)*Ca + H»0 « 2NH» + CO* + (NH*CO.O)*Ca + CO*Ca. 

The anhydrous salt is stable at 180^, and decomposes only at the softening point of 
ordinary glass, being resolved into CCF, water, and calcium cyamide, <.e. cyanamide 
CN*H*, having its two hydrogen atoms replaced by Ca ; 

(NH».CO.O)*Ca - CN»Ca 2H*0 + CO*. 

Strontium Car6amafe, (NlP.OO.O)*Sr, prepared like the calcium salt, 
tallises in white, shining, anhydrons lamina^, forming with water a solution which is 
perfectly clear when first prepar^, but almost instantly becomes turbid. The ammoniacal 
solution, on the other band, is permanenVor deposits carbonate after some time only. 
The crystallised salt being anhydrous keeps much better than the calcium salt. When 
heated it decomposes like the anhydrons calcium salt, yielding a small quantity of 
crystalline sublimate^ and leavh^g a residnetof strontium cyami£. 

Bart via <7ar6amafe appears to be formed by passing carbon dioxide into aqueous 
ammonia and adding baryta-watfir, but it cannot to obtained in the solid state, as it 
rapidly decomposes with formation of barium carbonate. A double salt of carbamate 
and chloride of barium, (NH*.0O.O)*^.BaC]*, may however be prepared by passing 
carbon dioxide into a solution of barium chloride mixed with atrong amsnonie, tiu 
ciystids be^n to form, then filtering, mixing the filtrate with ^ol' alcohol, and 
immersing ue containing vessel in ice-cold water. The double salt ^en separates 
as a granular erystalline j^wder, which may to wksbed in the manner above described 
and &ed. Ite solution in water is clear at first, but very quickly becomes cloudy ; 
the ammoniacat solution is somewhat more stable. « 

The mode of decomposition by heat of the carbamates of the alkaline earth-metds 
appears at first sight to to different frm, that of the carbamates cf the alkali-metals, 
Inasqipch asa oyamide, or metallic derivative of cyanamide, is produced in the fanner 
mMil'aiid a cyanate in the latter. This diffwenee is, however, only appsient, since 
tSt cyanatee of the alkaline earth*meta1s, which may be supposed to to formed in the 
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first instancsp^re resolved, on farther heating, into carbon dioxide and cjamides, s.^. 
(OON)*Ca » 00* + ON*Ca (see qTAHAMiDB). c 

All the metallic carbamates yet examined behave therafore in (he same manner 
when heated, being resolved into water and metallic pyanates : 

NH*CO.OE' * H*0 + N=C— OB'. " 

Ammonium carbamate also decomposes in the same manner, but the resulting eyanatw 
of ammonium is not resolved into a cyamide and carbon dioxide^ like the carbamafif 
of the alkaline earth-metals, but directly converted into carbamide (urea) CO(NH*)V 
The change which takes place in this decomposition of the earbamatf>8, viz., sepa- 
ration of water, is exactly the same as that which occurs in the formation of nitrils 
from amides : hence the cyanates formed in this reaction are normal cyanates, like 
cyanotholino and its heix^ologues, which are produced by the aption df j^^ogen 
chloride on the sodium-alcohola (Is^ Suppl. 519). 


Alcoholic Carbamates . — Urethanes^ 

Btliyl Carbamate* or CTetltaaet is formed, together vntih amm^mliy||^ 

by the action of alcoholic ammonia on ethyl cyanocarbonate : ^ ' I 

ON— CO— OC’H* + 2NH« = NH<CN + NH*— CO— 

Phen7/l-ur ethane, NH* — CO — OC*H*, is formed in like manner, Idgetheineri^b 
hydrogen cyanide, by the action of aniline on ethylic cyanocarbonate (Weddige, 

Chem. [2], vii. 79). 

Acetyl-eth yl- Carbamate, C»H*NO* « NH(C*H»0)--C0— OC*H* is formed by heating 
urothuno with acetyl chloride to 110^. It crystallises in slender needles, dissolves in 
ether-alcohol ; melts at 77^-78*^ (Xretzschmar a. Salomon, J. pr. Chem. [2], x. 28), 

Aldeliyaic iTratliaaaa (0. Bischoif, Deut. Chem. Gee. Ber. vii. 628, 1078). 
These bodies, related to the chlorinated compound C‘H*H)1*N*0*, which Stenhouse 
obtained by the action of chlorine on an alcoholic solution of mercuric cyanide (ii. 
218; 2nd anppL 410), are produced 'by the action of aldehydes and of acetal on 
\irothane8 in presence of strong condensing agents, chiefly hydrochloric acid. 


Ethidene-uretha.?ie, (PB}*^^Ol = CH*.CH(NH.CO.OC*H*)* of which Sten 
house’s compound is the dichloro-derivativo^ is formed by adding hydrochloric acid to 
a solution of urethane in acetal, the mixture solidifying after some time to a crystal- 
line pulp of very fine needles melting at 125° (Bischo^. The same compound sepa- 
rates after a while from a solution of urethane in acetaldehyde, and imme^ately, with 
groat rise of temperature, or* adding to the solution a few drops of hydrochloric acid. 
From the cooled solution it is precipitated by water in needles having a satiny lustre ; 
melting at 120°; tasteless and scentless; easily soluble in ether, alcohol, and hot 
water, less easily in cold water; decomposing when distilled (Nencki, Chem. 

Gee. Bet. vii. 168). ^ 


Chlorethtdene-nrethane, C*H>»GiN»0«= CH*C1— OH(NH.CO.OC*H*1» is formed bv 

action of chlorine on a strong solution of hydrocyanic acid in alconol (2fk2 Suppl. 
410); also on >\ddtng a somewhat considerable quantity of vej^ strong hydrochloric 
acid to a solution of urethane in monochloracetal. On dissolving the crude crvital- 
line pulp thus obtained in alcohol, and mixing the solution with hot water, the uquid' 
first deposits the exce'^s of chlorocetal in oily drops, and the milky liquid aeparated 
therefrom gradually yields crystals of pure chlorethidene-urethane mating at 147° 
(BischofT). ' ^ ^ 

. Chloral-urethane, C*H*Cl'NO* = CCP— A^datSon of 

urethane in chloral, mixed with strong hydrochloric acid, gradually acdidlfleetoa maaa 
which may be purified by washing with water. If sulphuric acid be used instead of 
hydrochloric acid, the mixture berames glutinous, and on addition of water rarasinsat 
the bottom of the vessel as an oily mass, which gradually becomes cryst^ine. The 
solid product obtained in either case separates from ether^lcohol as a l^inar crystal* 
line mass, having the composition above given. The same compound is formra on 
adding urethane to fUsed chloral hydrate, and treating the mixture with hydrochloric., 
or 8ulpha*io acid. 

Chloral-urethane is insoluble in cold water, and is resolved hot watav, ' 
chloral and urethane ; it dissolves easily in idcohol and in ether. It has a fidnt 
of chloral, melts at 103^, and is easily resolved at a higher temperature if 
components. With pota^ it yields the decomporition-prodaetB of chloral i 
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Broi»aUuTetkan» is much like the {neeediiig ^ompoun A melts at 183‘, 

BtttylekloJral-ureaant. C'H«a*NO* = 0*H<01*— CH<^2_0(j^3,g,.— On 

ad^ng ipetliana to a mixture ot butyl-chlorals C<H*Ci*.GHOs and strong hydrochloric 
adds this compouod separates after some time in white, Tsiy harc^ brittle prismss 
yielding by analysis 40*3 per eeht. chlorine and 5'4 nitrogen, the formula requiring 
40*3 wortne and <*3 nitrogen.* It melts at 123*- 123*, and whezi heated with 
ttne gives off an odour like that of ooUidine. In all other respects it resembles chloral- 
and bromal-urethana 

Vaieral-urethane, CH(NH.CO.OC»H*)*, homolo^us with 

ethidene-urethanos is formed on adding a small quantity of strong hydrochlonc add to 
a solution gf urethane and valeral, the liquid immediately beaming hot and con- 
creting ^ a solid mass. It is perfectly inodorous whec dry ; smells faintly of valeral 
when 9 oiat ; dissolves easily in warm alcohol, and se|)arates therefrom on addition of 
hot water in long silky needles ; melts at 126* ; sublimes with partial decomposition ; 
and wlmn more sttongly heated yields an oily distillate having an aromatic odour. 
WbenJM^ with duuie acids it is easily resolved into urethane and valeral. 

CJI^^vsleral*urethane,C*U*Cl — CH(NH.CO.OC^H^)^ is formed on adding 
by^(|ii||i|^4ddtoa mixt^ <^hlorovaleraland urethane. It melts at 130*, and is 
moriwPBisih%ii valeral-uretliant\ In preparing this compound it is liest to operate 
with the ' ' quantities, since an excess of chlorovaleial adheres obstinatriy to 

t^B^firoduct. 

Bensal-ureti^ane, C*H* — Cir(NH.CO.OC^H^)*, is formed by adding a small 
qmuitity of strong hydrochloric acid to a solution of urethane in bitter almond oil (in 
tneoretical quantity, or with a slight excess of urethane), the liquid immediately 
solidifying, with considerable rise of temperature and disappearance of the odour of 
bhtor almond oil. This compound dissolves sparingly in cold, very easily in hot 
alcohol, and crystallises very finely firom the solution on addition of boiling water. It 
forms a white, perfectly inodorous, crystalline mass, having a silky lustre, melts at 
171*, sublimes u^ecom^osed when cautiously ^°''i^<)diately g^ves off the 

odour of ^bitter almtosd oil when heated with dilute aci^. 

Cinnamat-^rethanet OH*(NH'CO.OC*H^)*, is formeti on adding hydrochloric 
acid insmailquanti^(alargerquantitydBeomposeatUeproduct)toa solution of urethane 
ill commercial oif /cassia; The crude product roust be washed first with water, then 
with ether. Tli» SumjKiund is uearly insoluble in ether, dissolves caiiily but with 
partial decomposition in warm alcohol. It is completely decomposed by boiling with 
water, still more readily with dilute acids. It has no constant molting point, but 
softens gradually when heated, and melts completely between 1 36* and 143*. 

Cuminal-ure thane is very much like Uie preceding compound, and crystallises 
in needles from its alcoholic solution after dilution with hot water. 

A nisa l-urethane, *^!cH(NH CO OC*ll*)*’ anisaldehyde and 

urethane, ciystaUisos from a mixture of equal qoan* tties of boiling alcohol and water, 
in splendid long needles having a silky lustre, and melting at 171-172* ; it disBolvos . , 
spansgly in cold, easily in hot alcohol. 

A mixture of salicylic aldehyde and urethane, treated either with hydrochloric 
or sulphuric acid, did not yield any product fit for analysis. 

Fur/ural-ur ethane, C*H*0 — CHfNIl.CO.OC*!!*)’, separates immediately on 
adding a drop of strong bydxocMoric acid to a mixture of fumrol and urethane, and 
stirrix^* The reaction is vezy Solent, and ^ust be moderated by cooling. The com- 
pound is insoluble in water, but dissohes easily in alcohol and other, and crystallises 
from dilute alooh<dic solutions t in splendid silky needles resembling sulphate of 
quinine. It tnelfes at 1 69*. 

IPvopjrt Oai^bamAte or VroppKwatliwaai C*H*NO*a NH*.CO.OO*H’, is pre- 
pared by digesting urea with excess of propyl alcohol; CH<N*0 + €?H*0 »» NH* + OH*NO*. 
On dissolving the product in ether, expelling the ether and excess of propyl alcohol 
bj ev^>OFation, and digesting the residue with, water, propyl allopbanato remlnn 
u^tssolved, and tiie filtrate when evaporated leaves propjd-urethane, in long, shiniM, 
nxpazent prisma, easily soluble in water, alcohol, and ether, melting at 60*-62*, 

1 boiling at 194*-196*. In the moist state it is decomposed heat, with^volution 

[ammonia (Cahours, Compt. rend, Ixxvi. 1387). 

elTs paper this oomponnH U rei^ardod m crotonchloral-methana, 

— KH— ODHT*!!*, which leoidsea 'Mrfr Cl sncl b’i N ; tsit as Pijuier tuu BbfmrD tlmt 
croUm dilocal la reaQy butyl chloral (p. GO), there cui be no donbt that the com- 

jr nnder coMldaration Is batylehkmd-inethazie, the forrarala of wbldi Intleed agrees wftti the 

iSiii the peroentage of chlorine more cloariy than that of crotonehlorsl'areihaiie. 

%s»p. CO 
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Ethidene‘^ro^ylrurethane, OH* — OH(NJff-CO.Op*H’^*, is formed; thongli less 
easily than the coirespondiDg: ethjl-odmpoaxid, on addi^*i^troqg hydrochloric acid to 
a solution of propyl-urethane in acetaldehyde. It is easily soluble in alcohol, and 
crystsdlises from weak spirit in fine white needles melting at 

Valet al^jpTopyl^uT ethane crystallises in fine white needles. 

Beng al*jpropyl-ur ethane^ formed from bitter almond oil, pro|)yl-urethane, and 
hydrochloric acid, is pre^pitated by hot water from its solution in boiling alcohol as a 
white crystalline powder melting at 143®. 


CH*— COOH 

Snootayl-oarbamlo Acid, G*H”N*0^=s | , Is produced 

^ CH«^CONH— CO—NH^ 

by heating urea with an equivalent quantity of succinic anhydride to 120®- 130° : 

CEP— COOH 


CH®— 00/^ 




a*— CONH— OONH* 


The two compounds melt together to an oily liquid which solidifies suddenly after a 
few minutes. After washing with alcohol to remove unaltered succinic anhydride, 
and once recrystalUsing from water, the succinyl-carbamic acid is obtained quite pure. 
It crystallises in smtdl shining scales, nearly insoluble in cold water, alcohol, and 
ether, moderately soluble in glacial acetic acid and in hot water. Strong sulphuric 
acid dissolves it in all proportions ; but on addition of water, the succinyl-carbamic 
acid is immediately precipitated in its original state. This acid forms soluble salts 
with ammonia and the fixed alkalis, insoluble salts with morcuiy, silver, and other 
heavy metals. The crystals, when slowly heated, melt with complete decomposition 
at 196° ; when quickly heated they melt at 203°-206° (W. H. Pike, Beut, Chem, 
Ges, Bet. vi. 1312). 

Tlilooarbamlo Ac»4tf« NH®.OS.SH. This compound has been already 
described (v* 490) as sulphocarhamio amd, 

Thiocarbamio Sulphide or Sulph anhydride^ (NH®,CS)*8, — also called 
Ilydrothiopruaeio axAd (Gmelin's Handbook, Eng. ed. viii. 08) — and a number of its 
derivatives were described by Zeiso is 1842 {Liebufs Annalen, xlviii. 95 ). 

The ammonium-ealt^ [NH(NH'‘).CS]*S, obtained by the action of carl^n disulphide 
on alcohol saturated with ammonia gas, or by treating ammonium thiocarbonate with 
alcohol, forms large shining crystals of lemon-yellow or orange-yellow colour, neutral 
to vegetable colours, inodorous when recently prepared, but smelling of hydrogen 
sulphide after exposure to the air; decomposing at 160°, with formation of hydrogen 
sulphide, carbon sulphide, ammonium thiocarbonate, and a white needle-shaped salt 
apparently consisting of ammonium cyanide. 

When the solution of this salt ip 3 parts of water is mixed with sulphuric or 
hydrochloric acid diluted with twice its quantity of water, and a larger quantity of 
water then added, the thiocarbafaic sulphide, separates as a transparent 

colourless oil which remains permanent for a short time under the acid liquid, but 
decomposes during the attempt to sepairfto it therefrom. 

The solution of the ammonium salt gives with cupric salts a yellow fiocculent 
precipitate of the copper compound, Cu(Nll.CS)*S, which, after washing with water, 
does not change, by keemng, but is resolved by l^iling with water into thioeyanic acid 
and cupric sulphide. lead and mercuric salts are^wbite precipitates which quickly 

decompose into thioeyanic acid and metallic sulphides. The einc eaU is more per- 
manent, and is obtained as a white preeijntate, in which olive-green pyramidal crystals, 
apparently consisting of the same salt, form in a fewt-days (Zeise). 

The phenyl-ammonium salt^ C'*H**N*S* “ [NH*(C*H*) — ^NH-~CS]^, is prepared by 
mi xing aniline with carbon disulphide and ammonia. Jhrismatic crystals then begin 
to separate, and in a few minutes the whole solidifies to a crystalline pulp. This salt 
is aim rather unstable, and is best purified by washing with ether, after the mother- 
liquor has been squeezed out. It dissolves readily in roiling alcohol, and crystallises 
tberefkom in fine dense glas^ prisms, mixed however wiUi laminar crystals of thio- 
carbanilide, into which, moreover, the phenyl-ammonium ualt is quickly 

and comPetsly convert^ by boiling with water. This reaction affords a very con- 
venient me^od of preparing thiocarbanilide (Hlasiwets a. Eachler, JAHsi^e dnnaleUf 
clxvi. 142). > 

Thiocarbamic Disulphide, (NH®.C^)^*, is the compound, usually epUsd 
hydrangotkiM, obtained by the action of chlorine-water on amiuomum thiocarbiBiito 
(lii. 179). 
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Thioeaibamie add and ita derii^res jnat datcnbed, maj be Miipoeed to oontaio 
the radicle KH* — CSS , datii^kated by HUsiweta a. Kaclfler as thinram : thus — 

NH*.GS.SH. Thiiueam Shlphydrate (Thiocarbamic acid). 

(NH*.C8)^. Thinram sulphide. 

[KH(NH^).GS]^. Ammonium-thiuram sulphide, &c. 

Action of Ammonitim Tkitfcarbamatt on Aldehydes. — The product obtained with 
acetaldehyde is carbothialdine, (i. 802), whiek is rerard^ by £. Mulder 

(Liebifs Annalen^ clxYiii. 228) as t hiocarbamate of diethy lidene^aminonia, 
IJH* — CSS — N(CH — CH*)*, and by Hlasiwets (Joe. cti.) as thiuram-carbo- 
m ethyl, (NH^CS)H^(C^)*. When carbothialdine is decomposed with potash, and 
the liquid is mixed with sal-ammoniac, eTaporated down, and treated with cupric 
sulphate, cupric thiocyanate is precipitated in quantity oprresponding with the equa* 
tion, 0»H«N*S* + 2H*0«CNS.NH< + H^ + 2C:S*H*0 (Mulder). 

With benealdehyde ammonium thiocarbamaio forms stellate groups of colourless 
crysllls, or if too much benzaldebyde has not been added, a perfectly solidified 
crystalline mass, which may be freed from excess of bensaldohyde by pressure between 
bibulous paper. The compound thus formed is dihetieylidetiammonium tkibcarhkmais^ 
NH*~-CS—^N(C'H*)\ agreeing in all its properties will) that which Quadiat obtained 
by treating bonzaldohyde with carbon disulphide and aqueous ammonia (lAthifs 
AfinalM, Ixxi. 13). This compound was regarded by Quadrat as thiocyanate of 
benzoyl (or rather benzenyl), 0*II*NS«C*H\ONS. Its alcoholic solution gives in 
general the reactions of ammonium thioearbamate. Treato<l with potash, &c. in the 
manner above described for carbothialdine, it yields a quantity of copper thio- 
cyanate agreeing witli the equation : 

+ 2H»0 « NH‘.CNa ^ ^ 2CJ»H®0, 

that is to say, 20'3 per cent. GNS, whereas Quadrat's formula would give 30*4 per 
cent. (Mulder). 

CH»— COOU 

SxfCOlNOTHlOCAUBAM IC ACIH, Cf*H*N*0*S cr* I 

Cn»~.OONH— OS— NH», 

is obtained by fusing thiocarbamido (sulphurea) with succinic anhydride at 140^, and 
purified by washing the pn^luct with aloohol and roc rystal Using it from glacial acetic 
acid or from w'ater. It is a yellowish powder i^oin posed of crystallino sctiJes, melting 
at 210*6^-21 1*. and in other respects resembling succinocarl>amic acid. On boiling 
its alkaliiiu solution, it is resolved into buccinic acid and thiocarbamide, which 
immediately sufifers i^urtlior decomposition. 

Citbacotuiocakhamic Acid, C^H^N^O^S CS— Nil* 

IK prepared by heating citraconic puhydride with thiocarbamide to 130®. The crude 
prrxiuct, washed and reerystallised from water, yields the pure citrocothiocarbamie 
acid as a white crystalline powder, vory much, resembling sueninothiocarbamic acid, 
and melting at 222‘*-223® (Pike, Deut. Chem, ires. Her. vi. 1104). 

O^^hiocmrbamlo Aotd, CH*NOS «« NU^.CO.Hll. The ammonium salt of this 
acid, discovered by Bertholot (Is^ Suppl. 468). is formed by passing carbon oxjmulphide 
into alcohol saturated with ammonia. The liquid becomes turbid afier a while, and 
solidifies to a pulp of fine white crystuls, which must l>e cfillectf^d on a filter and 
washed quickly with ether. It is extremely soluble in water, less soluble in alcohol, 
insolulde in ether. Dilute acids decompose it, with evolution of carbon oxysulphide. 
according to the et^uation : * 

NH*.CO.SNH» + 2HCI « COS + IKHHX 

The aqueous solution is decomposed by beat, with formation of carbonate and sulphide 
of ammonium. The salt, heated for several hours to 130®- 140® in sealed tut^ is 
resolved into hydrogen sulphide and urea : 

NH»CO.SNH« - SH» + NH».CO.NH». 

This decomposition, which is analogous to that of ammonium carbamate into water 
and urea, discovered by Bosaroff (Isf Suppl. 1113), shows that oxythiocarbamie acid 
contains the group CO and not CS (Kretzschmar, J. pr. Ckem. [2], vii. 47^. 

The solution of the ammonium si^ giv^ with ferric chloride at first a red liquidt 
and on addition of an excess, a pale red precipitate ; writh lead acetate a colourless 
gelatincms precipitate which aftcraards turns black ; with uranic nitrate a yellow 
precipitate, soluble in excess of the uranic wnlt ; with barium chlorids a prsciptate on 
warmiiig (£. Mulder, lAehtfs Annalen, el]|Tiii. 228). 

c c 2 
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Action of Mdehydea on Ethylie Oxythiocarbamate or Xanthamide. — ^Vsleral- 
xantbamide, is formed on addixigr strong hydrochloric acid to 

a mixture of valeral and xanthamide. A gummy mass is thereby produced, which 
dieses itself in alcohol without dissolving, and watea added to the liquid throws 
down a yellowish- white or pure white crystalline powder formed of small, indistinct, 
coherent plates. This compound has a fednt but peculiar odour, dissolves sparingly in 
ether, more readily in alcohol, and melts at 108^. Heated in the state, it gives 
off an odonr oi mercaptan, yields ammonia and cyanic acid, and ultimately gives off 
fetid strongly alkaline vapours. 

Chloral and Butyric Chloral likewise unite with xanthamide under the influence of 
strong hydrochloric acid (Biscbofl^ DcuL Chem, Ges, Her, vii. 1078). 

CARaAMIDB or UltBJk, HH’.CO.NH’. Occurrence in the Animal Body , — 
From experiments made on dogs by I. Munk {BAuger^a Archiv,/, xi. 100 ; 

Chem, Soc, J. 1870> i. 89), it appears that the quantity of urea contained in the^ sub- 
stance of the liver is less than that in an equal weight of the blood circulating in the 
tissues ; in an average-sized dog, for example, the quantities in the liver and in the 
blood 6f the carotid artery were found to be as 0*039 : 0*533. These results are not 
in accordance with the opinion entertained by some physiologists that the liver is the 
principal seat of the formation of urea in the animal organism. 

According to P. Picard {Compt. rend, Ixxxiii. 1170 ; Chem, Soc, J, 1877, 829), 

arterial blo<^ contains two substances, which are decomposed by Millon’s reagent 
(mercuric nitrate, v, 952), the one eminently destructible and disappearing almost 
completely in the capillaries, whereas the other — which is most probably urea— 
is present in the same proportion in arterial and in venous blood. The nature of the 
more easily decomposible substance in arterial blood has not yet been made out. 

Preparation. — C. A. Bell prepares urea by the action of ammonium sulphate on 
potassium cyanate obtained by heating the ferrocyanide with potassium dichromate. 
Well-dried ferrocyanide yields 25 per cent, of its weight of urea {Chem. Bews^ 
pEXxii. 99). 

/{eactiona.^ l. When urea is heated over a wnter-bnth with phosphorus trichloride^ 
a violent action takes place, ammonia is eliminated in the form of phosph amide com- 
pounds, and biuret is formed, together with an nmorphons substance which appears 
to bo triuret. The formation of biuret is represented by the equation ; 

2(NH*.CO.NH*) « + NH(CONH*)«. 

Phonyl-urea similarly treated yields phenyl-biuret, NH[CONH(C"H*)]’ (Woith, 
Beut. Chem. Gee. Ber. x. 1743). 

2. When urea is treated with propyl alcohol dissolved in ether, the products 
formed are propyl-urethane, C*H*NO* (p. 386), and propyl allophanate, 

the former or the latter predominating according as the propyl alcohol or 
the urea is in excess. Propyl allophanate forms nacreous laminse, slightly soluble in 
cold, easily in hot water, still more Readily in alcohol, and melting at 150^-160^ 
(Cahours, Compt, rend. Ixxvi. 1387V 

3. Urea flised with yields oxalur amide (oxalan), according to the 

^-N^uation : 

coum CONH* 

I + CO(NH«)* = C*H»OH + I 

COOC^H® • CO.NH.CO.NH* 


(Carstai^en, J,pf. Chem. [2], ix. 148). 

4. Urea fused with aarcoeine forms me tJiyl-hydai>‘o*in, C*H*N*0, identical with 
that which is formed, together with sarcosine, by boiling creatine or creatinine with 
baryta- water : 


CH*— NH(OH*) 
ioOH 

Sftrooftfne 

(mathyl-glyooclno) . 


CH»— (CH*)Nv 

= io-HN — + NH* + H*0. 
ITroo. Methyl- hydantotn. 


Other amido-acids react with urda in a similar manner, forming hydantoin or an 
analogous substance : thus leucine fused with yields a compound ciystallising in 
needles, which appears to be uramidocaproic acid (Huppert, Chem. Gee. 

Ber, vi. 1278)- 

6. When urea is fused with the anhydrides of bibaaic acids, a reaction takes place, 
represented by the gcueral equation : 

«"<88>o ^ co<«i: = 
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th« product being a hombloguo of ozaluric acid. .In this manufr meem^t-cais 
bamic acid, (p. 3ft X ^ fonned fhkxn^uea ana snociiiie anhydrida 

dtracotUc anhydride does not unite with urea in this manner ; fbr when the two 
bodiet are heated ^ether to 115^, carbon dioxide is given off, and citmeonimide in 
produced. With thio-urea, on the otlier hand, eitraconic anhydride yields citracothio* 
car bamic acid (p. 387). 

Lactide heated with urea or with thio-urea is oooTerted into lactam ide, with 
evolution of CO* or COS (W, H. Pike, J>eut, Ckem, Ges. Ber. vi. 1104). 

Detection of Urea. — Musculus {Compt, rend. Ixxviii. 132) employs for this purpose 
paper on which urinary ferment has been deposited. This paper is prepared by filter- 
ing urine in a state of ammoniacal putrefaction through a imper filter, which is after- 
wards washed and dried at 35^-40^. To facilitate its uSs, it may be coloured with 
turmeric, and dried again. If preserved in well-closed bottles, itappwrs to retain its 
actioi^ for a long time. On dipping it into a neuti^l solution containing urea, this 
compound is converted, by the action of the ferment, into ammonium ciirbonate, re- 
cognisable by the brown colour which it imparts to the turmeric paper. 

Estimation by means of Sduble HypobromUee, — Urea is decomposed l>y «>iuble 
hypobromites and hypochlorites, with evolution of nitrogen : ' ' 


^ CH*N^O + O* « CO* + 211=^0 + N*. 

According to this equation, 1 gnm of urea should yield 370 c.c. of nitrogen at 0^ C., 
and 760 mm* (v. 952). Accoi^ing to Russell a. West, however {Chrm. Soc, J. 1874, 
p. 749), the quantity of nitrogen actually erolve<l (with hypobromite) is always 8 per 
cent, less than the calculated amount. 

The reaction affords a quick and easy method of determining the quanti'ty of urea 
contained in aqueous solutions, capociaily in urine, the nitrogen evolved being Cf>l 
IcH'ted in a gradunt>ed tube, and the amount of urea calculated from the measured 
volume, duo attention being ^iveii to the correction just mentioned, also to corrections 
for temperature and the tension of liqiioous vapour, * and in exact experiments to thdg 
variations of atmospheric pressui'c, 1 

Bodium hypobromite is a *»ioro convenient oxidiser than the hypochlorite, being 
more effective, and at the sHinn timomaore stable, as first pointed out by Knop (•/■, jt>r. 
Vhrm, [3], iii. 1). A solution of convenient strength is obtained by dissolving 100 
gnims of solid caustic soda in 260 c.c. of water'and adding 25 c.c. of bromine. 

Fur description and figures of apparatUH for carrying out the determination, see 
Uu.sscll a. West (foe. ct/.) ; l>upr6 {Chem. 8o€. J. 1877, i. 534) ; Simiwon a. O’Keefe 
(foiV/. 838). 


SilTer-cmrbaniltte. When soda-ley is added to a solution of urea mixed with 
silver nitrate, a silver compound separates in the form of a light yellow precipitate 
which is gelatinous at first, but after a while becomes firmer, and easy to filter and 
wash. To this compound Liebig {AnnaUn Ixxxv. 289) assignocl the formula 
2C0N*H*.3Ag*0 (v. 951), but according to E. iuuldcr(/>ci^. Cbem. Gee. Ber. vi. 1019) 
it is a simple derivative of carbamide reproseiiteddiy the formula C0N*H*Ag* ; when 
heated it gives off ammonia, as observed by Liebig, but does not detonate. 

S«lt» of HydroxyUostfbamldet nU*.CO.N1](OH), [Ut SuppL 726). The 
potaesium nnd sodium salts are precipitato<l when an alcoholic solution of urea is added 
to a solution of potassium or sodium etiolate ; they are colourless, and often crys- 
talline, but they absorb water greedily from the air and have ilot Wn obtained 
pure. The potassium safo,«lned in a current of air, appeared to have the 
composition CON*H*(OK).CON*H*(OH). A lead salt, having the composition 
(C*U*0*)*Pb.(N*CH*0*)*Pb.N*CH‘0*, is oljtained when an aqueous solution of sodium- 
hydroxyl-carlMmide is mixed with a solution of lead acetate till the precipitate which 
forms at first is redissolved : the clear solution then deposits colourless crystals of the 
salt above formulated. An aqueous solution of the TOtassium salt mixed with ruprfo 
acetate forms a gummy precipitate which becomes olive-green and shining when dry, 
and may be approximately represented by the formula, 4N*CH*O*0u.0*U‘O* 
(N. Hodges, lAcb^e AnnaUn, clxxxiL 214). « 


• With HtuKll a. West's apparatiw. and at the temperature of 64 ^ F., which Is about that of the 
wards of hoaiiitals, and of looma in wbicli the experimente are most llketj ir> tw nude, the tcmlfxi «f 
the aqueous Tapoor, together with tbo expansiou of the gas, al m ost exacUj oounterbalsnoes tbs loss 
of nitrogra in the reaction. 
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* 

SubstituXion-de^ivaiives of Ct-rbamide, 

A. Containing Monatomio Aloohol^adiolet. 

Sletbjrl-oarbamide* The symmetrical modification of this 

compound NH(C^H*).CO.NH(0®H*), which Hofmann qhtained by the action of ethyl- 
amine on ethyl -carbimide (ethyl i 8 ocyanat 0 » i. 754) is also formed as a bye-product in 
the preparation of ethyl cyanide. It dissolves readily in water, alcohol, and ether, melts 
at 107*6^-110°, and distils without decomposition at 160° (v. Zotta, Liebig' a Annalen, 
clxxix. 101). According to Habich a. Limpricht (ibid, cv. 395), it melts at 106° and 
distils at about 260° ; according to Wurtz (i?^. chim, pure, iv. 199) it melts at 112*6° 
and boils at 263^. Heated with potash it yields ethylamine (▼. Zotta). 

On passing nitrous oM into an alcoholic solution of diethyl-carbamide in nitric 
acid, an oily liquid is formed heavier than water and only slightly soluble therein. 
This compound decomposes witn great violence below 100°, giving off gasas and 
white vapours. When mixed with sand and heated, it gives off carbon dioxide, 
ethylene, nitrogen, and ethyl -carboxylamine, CO=N — C*H*. Heated with nitric acid, 
it gives off carbon dioxide and yields nitrate of ethylamine. v. Zotta assigns to the 
oily liquid produced by the action of nitrous acid on diethyl-carbamide, the formula 

CPH* — — C*H*. According to Wurtz, on the other hand {loo. pt.) the 

products obtained by the action of nitrous acid on diethyl-carbamide aro carbon dioiddo, 
nitrogen, and diethylamine ; perhaps, however, the reaction which Wurtz observed 
took place at a higher temperature. 

Tetretbyt-oarbamide, N(C^H^)^.CO.N(C‘H*)* is formed on passing carboxyl 
chloride into a solution of diethylamine in ligroi'n. It boils at 205°, mssolves in acids, 
and is precipitated from the solutions by alkalis (W. Michlor, Deut. Chem. Ges. Ber, 
vii. 1664). 

^ Vbenyl-oArbamlde or Oarbanllamlde, NH*.CO.NH(OH‘^), is formed by the 
K' combination of ammonia with phenyl isocyanate (obtained by distilling diphcnyl- 
earbamido with carbodiph6nylimide),~%r by the action of pobweium cyanate on 
aniline h^diKxshloride (Weith, J)eiU. Chem. Ges. Bet, ix. 810). It crystallises in the 
monoclinic system, exhibiting the faces ooPoo, OP, -Poo, ooP, odP 2. The crystals 
are tabular from predominance of the face go P oo, according to which they also 
exhibit very distinct cleavage (Arzruni, Pogg, Ann, clii. 284). Melting point, 
144°-146° (Weith). 

Bipbenyl-oarbamlde, Of this compound there are two 

modifleations, viz. — 

Symmetrical (carbanilide) .... NH(C*H«).CO.NH(C*Ha) 
Unsymmetrical Nii®.CO.N(C*H*)* 

o. Carbanilide (i. 766) is formed: 1. T5y heating dry monopheuyl-carbamidfi 
( 1 mol.) with aniline (1 mol.) to 1 80°-l90°, as long as ammonia continues to be evolved : — 

— + NH«(C«H*) = NH' + CO(NH.C*H*)*. 

The radio-crystalline product of the reaction is washed, first with very dilute 
hydrochloric acid, then with hot water, and finally with cold alcohol ; and the rasiduo 
recrystallised fixim alcohol yields pure carbanilide, amounting to 96 per cent, of the 
calculated quantity (Weith, Deut. Chem, Ges. Btr, ix. 820). 

3. Together with alcohol and acetone, by heating ^aniline for a short time with 
othylic aceto-acetate : 

OH».CO,ClP.CO*C»n» + 2NH*C»H* « C«H«0 + CO(CH»)» -i- CO(NHC*H»)*. 
The carbanilide thus produced may be freed firom alcohol by distillation (Oppenheim 
a, Precht, ibid. 1098). 

Oarbauilldo is resolved by heating with alcoholic ammonia into carbamide and 
aniline : 

CO(NU.O‘H'')® + 2NH» - CO(NH*)» + 2NH’(C*H») 

(Claus, ib^, 693). 

Heatea for four or five hours with (rickloride, it yields phenyl isocyanate 

with traces of hydrochloride of triphenyl-guanidine, the reaction apparently taking 
place by two stages, thus : 

CO(NHC*Hn» « HK) + C(NOH»)*; 

C(NO»H»)» + CO(NHC»H»)* « CONC*H» -h qNHC»H»)»NC*H* 

(Weith. ibid. 810). 
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A Vmtvmmttriaal DipAtugl.emrbamide, Sp'.CO.N(C»H*)»— 'Whan mt- 
bonyl chlondo (pbosgene) i#«low]^ pused to MtaratioA into a •olution of diphenyl- 
amine in chlorofonn, diplmnylamiDe hydrochloride eeparates ^out, and the filtrate 
when evaporated leavee diphenylcarbamie ehloride» Cl.CO.N(C*H*^, us a bluish sidt 
which crystalUm from alcohol in white ecalee ; and this chloride, heated with 
alcoholic ammonia in a sealed tube to a tempomture not exceeding 100®, is converted 
into unsymmetrioal diphenyl>carbamide. This compound crystallises from alcohcd in 
long needles melting at 189®. It is resolved by heat into cyanic acid and diphenyl- 
amine : NH* CO.N(C*H*p == CONH + NH(C*H*)*. Distilled with solid (Mtassinm 
hydrate it is completely resolved into carbon dioxide, ammonia, and diphenylsmine : 

NH».CO.N(C*H*)* t H*0 » CO* + NH* + 

Heated with sulphuric acid it forma a blue solution (Michler, Ckem, (?«, Ber 
ix. 396). 

Brno mod ip heny I -carbamide. — Diphenyl>carl>amide [unsymmetrical] is capable 
of taking up |^by substitution] 6 atoms of bromine, but the only one of the resiuting 
derivatives hitherto isolated is a di bromophenylcarbamide, in which li^ two 
bromine-atoms are situated in different phenyl -groups, as represent^ by the formula 

NH*.CO.N<^gj^ 4 ®J. This compound, heated with alcoholic ammonia, is completely 
resolved into 1 mol. carbamide and 2 moL bromanilins : 

NH*.CO.N(C*H*Br)* + 2NII* « CO(NH*)* -i- 2(HH».C*H*Br) 

(Claus a. Henn, Liebig e Annaicn, clxxix. 120). 

Trlplseiiyl^arbamidle, NH(C*H*).OO.N(C*H*)*,i8 formed, together with aniline 
hydrochloride, by heating diphenylcarbamie chloride dissolved in chloroform with 
2 mol. aniline to 1 30® for half an hour ; — 

N(C»H‘)*C0.C1 + 2NH=(0*H*) » N(C*H*)*.C0.NH(0*H*) + NH*C*H».HC1. 

It crystallises in white needles, melts at 136®, forms a^doep blue solution with hot 
strong sulphuric acid, and is reaolvod, by distillation with solid potassium hydrate, 
into aniline, diphenylaminc, rnd carbon dioxide. Iloatod to 160® with excess of 
aniline, it yields diphenylomino and ^arbanilide : 

N(C*H*)*.CO.NH(C*H*) + NH*(0*H») « NH(C*H»)» + CO(NH.C*U»)* 
(Michlar. Betd, Ckem» Gee. Ber. ix. 396). 

Tetrapbeiiyl-carliamlde, N(C*H*)».CO.N(C*H»)*, is obtained by bsating 

diphonylamine (more than 2 mol.) with chloTodiphonyl-carbumic acid (I moL) to 
200®-220® in closed tubes for several hours. From tlie product mixed with chlorolorm 
the excetw of diphenylamino may l)e precipitated by dry hydrogen chloride ; and on 
evaporating the filtnite, uarapheuyl- carbamide remains, contaminated with a red 
colouring matter, from which it may be freed by washing with alcohol (Michler). 
Tetraphenylcarbamide is also formed as'a seinnciary product in the preparation of 
diphenylcarbamie chloride by the action of ca^mnyl chloride on aiphenylamine 
(Girard a. Willm, Bull. Soe. Chim. [2], xxv. 248). It dissolves easily in boiling 
alcohol and melts at 183® (Michler), at 178®~180® (Girard a. Willm). When heat^ 
to 260'^ with hydrochloric acid, it b rosolvedlnto diphenylamino and^sarbon dioxide. 

naarl«wtlijrl-omr1»Miitaa OlUorSde, or atlijrl*pliaajrl«epil^pmlp Obia- 
iida« C1.C0.K(C*H*X^*H*), produced by the action of carbonyl chloride on ethyl- 
aniline, forms small white needles melting at alx)ut 62®. 

»lpliaBpl*diatl»pl»aarbpmldat N(C*H*)’.CO.N(C*H»)*, obtained by gradually 
adding an excess of diethylamine to a cooled solution of diphenylcai^mic chloride in 
chloroform, has a peculiar pdom, dissolves easily in alcohol, is insoluble in water, 
forms small laminar eiystals melting at 64®. By distillation with potassium hydrate 
it is resolved into diethylamine, dipbenylamine, and carbon dioxide. 

An isomeric diphenyl-diethyl-carbamide, N(C*H*)fC*H*).CO,N(C*H*XC*H*), pre- 
pared from phenyl- cthyl-carbamic chloride and ethylanilino, is insoluble in water, 
soluble in hot alcohol, and melts at 79^. • 

THpbemyl»0tli3n«dpi1 w i »t d d iy(G*H*)*.CO.K(C»H*XC*H*), from dipbenylamiao 
and pbenyl-ethyl-owbamic chloride, crystallises in small neklles. • 

All the curbamides containing the group N(C*H*)* exhibit, when heated with 
strong sulphuric acid, the blue coloration chntbsterisiic of dipbenylamine (M[ichler)« 

lMplaeapb-pftnttplpp>o«rbmMlB, N(Ofl*)*.CO.NH(C*H*.CH*), from ^phenyl- 
carbamie chloride and paratoluidine, forma white needles melring st 130®. Heated 
with toluidinp to a temperature above 130J, it yield# ditolylcarbamidc, CO(NHCf*H*)* 
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(m. p. 266^), aild diphenylcarbamide. A carbamide j^repared firom carbonyl chloride 
and paratoluidine vas also found to nfelt at 256^. Diphlnyl-tolyl-carbamide distilled 
with potassium hydrate is resolved into diphenylamine, toluidine, and carbon dioxide 
(Michler). * 

Ofihotoluidine reacts with diphenylcarbamide in the same manner as para- 
toluidine. < 

nenTlene-oarbamide, CO obtained by digesting phenylene- 

diamine hydrochloride with potassium cyanate, forms crystals, usually of a reddish 
colour, which dissolve sparingly in alcohol. "When heat^ above 300®, it melts and 
sublimes in small needle-shaped crystals (B. B. Warder, Deut, Chem, Ges, Ber. viii. 
1180). 

Senxyl-oarliaiiildea, or AansyUureas. Mono- andDi-ften zyl-oarham id e, 
CH*(0^H’)N*0 and 0HXC'H’)*N*0, are formed simultaneously by heating tfrea or 
potassium cyanate with benzyl chloride and alcohol in a reflnx apparatus, and are 
sepftta^d by water, which dissolves only the former (Cannizzaro, ind SuppL 181). 
Monobanzyl-carbamide is also formed, together with acid benzyl carbonate, by heating 
benzyl isocyanate (benzyl-carbimide) with water (Letts, Chem. 8oc, Jour, 1872, 449) : 

2CON(C^H’) + 2H®0 = ^^^NH(C'H') ^ 

and, without any other organic compound, by mixing the warm solutions of potassium 
cvanato and benzylamine hydrocliloride in molecular proportions, and boiling for a 
short time (Patern6 a. Spica, Gazzetta ckimica iialiatia, v, 388). It crystallises in 
colourless needles, melting at 147®~147*5®. 

Dihemyl-carbamide, CON®(C'fl^)“H*.—- The symmetrical modificatwrif 
formed by heating urea with benzyl-alcohol to 200® : 


C0(NH2)* + ‘2C’H’OH « CO(NH.C’H»)* + 2H*0; 


«. 

at 130®- 140® benzyl carbamate is formed, together with a crystalline body not yet 
fully examined, whicli molts at 15l°-ld2’5° (Carapani a. Amato, Gazzetta, i. 39). 
The same dibenzyl-carbamide is formed from the corresponding thiocarbamide by 
desulphuratioh in alcoholic solution with mercuric oxide (Strakosch, Leiit, Chem. Ges. 
Bcr, V. 692); also, together with mono-benzyl-carbamide, by the processes already 
mentioned. It molts at 1 67® (Patemo a. Spica). 


The unsymmetrioal modification, formed by treating potassium 

cyanate with dibenzylamine hydrochloride in ipolecular proportion, crystallises in 
Urge hard shining prisms, sligWy soluble in cold water and melting at 124®-125® 
(Patern6 a. Spica, Gazzetta, v, 388), 

Cymyl-o«rbamld6f 0“H'*N*0^«NH*.C0.NH(C'®H**), also called Cumenvl-urea, 
is formed by the action of ammodia on cymyl cyanate. When cymyl chloride (pre- 
•piirod from cymyl alcohol and hydrochloric acid) is heated for a few minutes with 
excess of silveri cyanate, and then distilled, cymyl cyanate passes over as a yellowish 
liquid, cletip at first, but quickly becoming turbid and gradually thickening, evidently 
from formation of cyanurate. The freshly prepared cyanate in contact with ammonia 
solidifies to a crystalline mass of cy ray 1-carbamide, which crystallises from boiling 
water in small shining needles, melting^ at 133°, ajjd dissolving easily in boiling 
water, alcohol, and ether. 

Oymyl-carbamide distilled alone, or cymyl cyanate distilled with potash, yields 
cymyiamine, which, when mixed with oirbon disniphide, solidifies, with 

great rise of temperature, to a crystalline pulp, probably consisting of cymylthio- ^ 
carbamate of cymyiamine; and this last compound treated with mercuric* 
chloride, yields cymyl isocyanate or cymyl-carbimide, CS=:N — (A, 
Baab, Deut, Chem, Gee, Ber, viii. 1161). 


Phensfi-cymyl-carbamide, » C*H\NH,CO.NH.C«H«, prepared like 

cymyl-oarbamide, with aniline instead of ammonia, forms small ne^les melting at 
140°, insplublo in water, slightly solublo in cold, more fireely in warm alcohol (Bimb). 
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B. Ikfiwitwei c<mUmin^AM'r<JiioU$» 

Aeatj-l^oartemlde, NH*.00.NH(C^H*O), is obtained bv heating the corresiMnd- 
ing thiocarbamide in aqueous solution with mereurie cjanide ; hydrocyanio acid is 
then nyen off, mercuric sulphide is precipitate^ and the filtrate on eraporation leayes 
Bcetjl-carbamide (Nenoki a. Leppert^ Chem, Gea, Ber, yi. 90fi. See also i« 7d3 ; 
\9t SuppL 1116). 

NH*.OO.NH(0*H*BrO), prepared by mixing 3 parts 
of urea with 6 parts of bromacetyl bromide and recrystallising the piquet from dilute 
alcohol, forms needles slightly solnble in cold water, decomposed by Imiling water 
and alkalis. By ammonia it isconrertod either intoglycolyl-carbam uie (hydantoin) 
or oxacety I -carbamide (hyduntoic acid): — 

• NH*.CO.NH(C*H»BrO) - NH».CX).N(C»H*0) + HBr, 

Ulycolyl*cArbe]iiidei ^ • 

NH*.CO.NH(C»H^BrO) + H^O « NH»C0.NH[C*1I*(0H)0] + HBr ; 

Oxapotyl-carbomide. ^ , 

(Baeyer, Liebigs AfiiuMlen, exxx. 129). ^ 

According to £. Mulder, on the other hand (Detif. Chem. Get, Ber,. yi. 1016), 
when bremacetyl-carbamido is heated to 100® in scaled tubes with alcoholic aminoai% 
or when dry ammonia gas is passed through an alcoholic solution of bromacetyt- 
ciirbamide heated to 7O®-80®,' the chief product is diglycolamido-diuramiao, 
(NH®.CO.NH.CO.CH*)*.NH, which melts at l96°-200®, dissolves sparingly in cold, 
with moderate facility in warm water, and crystallises in slender needles. 'With 
aqueous ammonia different products are obtained. 

Chloracttol-carbamide, NH*.C0.NH(C“H®C10), is prepared by mixing 1 mol. 
nroa with 1 mob cUloracctyl chloride (Is^ Suppl. 1116). A brisk reaction then takes 
place, attended with evolution of hydrogen ehlorido, after which the mixture must be 
heated on the water-bath for several hours. The sublinuite thereby obtained is washed 
with cold water, pressed, and czysvallised several times from alcohol with the aid of 
animal charcoal. 

Chlomcetyl-carbamide crystallises^ in thin colourless noodles, insoluble in cold, 
slightly soluble in boiling water, moderately soluble in hot alcohol of 40 per cent. 
It begins to decompose at 1 00®, a smalt quantity, however, subliming witliout dec<im- 
position and forming white silky nceiJles. It is docoinposod by fuming nitric acid ,* 
dissolved without decomposition by warm concentrate<l nitric aciii, also by sulphuric, 
hydrochloric, and acetic acids. It is not procipital4Mi by mercurous nitrate or silver 
nitrate. With nascent hydrogen it yields, not acetyl -carbamide and hydrochloric 
acid, but another body, which is crystallisablo and easily soluble in cold water 
(Tommasi, Compt, rend, Ixxvi. 640). 

Triehloracetyl^carhamide^ NH* CO,NH(C*C1*0), is obtained by gently Wil- 
ing 1 part of urea with 15 parts of tricbloracr' r1 chloride, heating the product, us 
soon as it begins to solidify, in order to drive off excess of trichlorncetyl chloride 
and the hydrochloric acid produced, and crystallising the residual white mass from 
alcohol. It forms white silky needles wduble in boiling water, but decomposing at the 
same time, with formation of a substance not yet investigated \ soluble also in warm 
aniline. It melts at 150®, partly sn bit mi sg and decomposing at the same time, and 
decomposing with an odour of acetic acid. It is decomposed by Wiling with soda-loy, 
and with alcoholic ammonia. Pliosphoros trichloride docs not act upon it at ordinary 
tempei^ares ; but hot strong Wiitric acid decompewes it with great energy and rapia 
evolntion of gas. Moist silver oxide and lead oxide withdraw the chloride, forming 
salts soluble in cold water. Mercuric nitrate precipitates the aqueous solution 
(Meldola a. Tommasi, Chem. SoclfJout. 1874, 404). 

Aeet9pliansrl-««n»«aalde« GON*H^C^U*0)(C«il*), is formed by heating 
monophenyl-carbamide, or diphenyl-guanidine, with acetic anhydride to 100®. The 
reaction in the latter case is represented by the equation : 

N»CH*(C-H»)» + (C»U»0)*0 « CON*n*{C*U*OXOTI*) -f NH(Cm»OXC*H*) 
Dfpfaoij]- Acetic Aoetophenjl- Acetanilide, 

gtuuaddiiie. anhydride. cortiaaiide. 

On treating the oily product of this reaction with Wiling water, the acStophenyt- 
carbamide is dissolvea, and separates in needles on cooling. After repeated 
lisation from alcohol* it melts constantly at 183® (D. M'CMth, JkeU, Chern^ (rm. Barm 
vtii. 1181). 

AeetodIpliaajrl-*«uiNuBide nr Aceto* eart HMamda» GX>K*i^C*H*OXC*H*}^, 
is formed, together with acetamide and a small quantity of carbon dioxide (resulting 



894 OAItBAMIDES OONTAINTWG AOID.RA.DIOLBS. 



N*CH\C*H*)* + (0B*0)*0 = C0ira(C!*H»0)(0*H*)» + NH«(C»HK)). 


The dark brown liquid product dieiolFes almost completely in boiling water, and the 
solution on cooling deposits the acetodiphenyl>carb|unide in fine crystalline laminae. 
When purified by reciystallisation from alcohol it melts at 115^ (M'Creath). 

Benxojl-oarbamides (Nitro- and Amido-). Metanitrobenzoyl-car- 
b amide, Nfl*.C0.NH[C'HXN0^)0], prej^ed by the action of metanitrobenzoyl 
chloride on urea, is converted by filing with ammonium sulphide into metamido- 
benzoyl -carbamide, C®H*N*0®5=l'rH*.00.Nfi[C^H*(NH®)0J. This compound 
forms slender needles having a bitter taste, moderately soluble in hot water and hot 
alcohol, insoluble in ether. When heated to 200^, it is converted into a neutral 
substance. Its solution in potash is precipitated both by carbonic acid and by 
mercuric chloride. Its hydrochloride forms white needles containing 1 mol. water of 
cxystallisation. 

Both metamidobenzoyl-carbamide and the isomeric body, benzoglycocyamine, 
or benzcreatine SuppU 130), when heated with baryta-water, give off carbon 
dioxide and ammonia ; and if the boiling be continued till ammonia is no longer 
evolved, they yield, as final product, ami dob en zoic acid; but if the tailing be 
interrupted at an earlier stage, the product consists of the intermediate body, 
uramidobonzoic or benzhydantoic acid (1^^ Suppl. 318): 

C"H®N»0* + H®0 « 0»H»N20» + NH» 

Uramido- 
benKOic acid. 

C^IPN^O® + H-0 « C’H’NO* + NH* -i- CO» 

Amidoben- 
zoic acid. 

Metamidobenzoyl-carbamide, boiled with dilute acids, is resolved into amido- 
benzoic acid and urea: 0"JPN*0®+ H*0=»C^H'N0^-i- CH^N^O. Bouzogl^cocyamino 
is not attacked by hydrochloric acick either dilute or concentrated (Griess, DeuL 
Chem, Qc 8» Her, viii. 221), , 

CH*— CH— NH~CO 

Xiaotyl-oarbajnitfep =3 I I , formed by deh 3 rdra- 

CO NH 

tion of lacturamic acid, has been already described {2nd Suppl. 723). 

Malyl-oarbamlde, C*H*N^O* =» CH(C*H*0*)"'N®0. When urea is treated with 
asparjigin, a body is formed having the composition C®H^N*0* : 

Cil*N*0 + CWN*0» - + NH» + H-'O; 

and this substance hejited with nitric or hydrochloric acid is converted, by removal of 
NH*, into malyl-carbamido, which ci'^stallises in prisms, melts with decomposition at 
216°-220°, and forma salts, all o^which, excepting the silver salt, are very soluble in 
wat<!r. 

Malyl-ciirbamido treated with bromine yields substitution-products, varying in 
composition aceording to the condition^'of the experiment. Five of these have been 
isolated, and the following furmulm have baen ascribed to them : 

(1) . C^n^Br-N^O* (4). C»H*Br*NH)» 

(2) . (CJ^H^Br^N^OO’.H^O (6). C«H*Br*N»0* 

(3) . C"H*BrN^O« •! * 

The last of these bodies exystalliees in hard* shining hexa^nal c^stals, moderately 
soluble in alcohol and ether, and decomposed by [^longed heating at 100^. This 
substance, as well as (2), is converted by ammonia into a body resembling murexid 
(Grimaux, Bull, Soc, Chim, [2], xxiv, 337), 

Snoolnyl-dloarbamiaeg C*H**N*0*«C*H*(CO,Nfl.CO.NH*)*, is prepared by 
very carefully heating 2 mols. urea with rather more than 1 mol. succinyl chloride to 
60^-70^, washing the resulting mass with warm alcohol, and drying it over sulphuric 
acid. It is a white bulky M^er, nearly insoluble in alcohol and ether, very slightly 
soluble ii^.hot water. It dissolves in cold potash-l^ apparently without decomposi- 
tion, but when boiled therewith it is resolved into CO*, NH*, and succinic acid, the 
first products of the reaction being probably succinic acid and urea (Conrad, J. pr, 
Cht'tn. [2], ix. 300). 
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TmoCAUBAMWM, Ot SOLPBTXUU.» jSfP ITS imJUWXTXTEB, 

Tlil 0 earbaiald«« OSK*H*«NH*.CS.NB[*. ;;Jhis oompoand, which RejnoldB 
obtained by the molectilar transformation of ammoniiuii thiocyanate (ls< 
is also prodncod by the action of diy hydrogen snlphide on anhvorous cyanamide, 
either in the fused state or dissolved in anhydrous ether : in toe latter case the 
passage of the gas must be continued for two days. The formation of thiocarbamide 
in the ethereal solution is retarded by the presence of acids, but greatly accelerated 
by ammon^ Ammonium sulphide converts c^namide in aqueous solution into 
thiocarbamide even at ordinary temperatures, and without simultaneous formation of 
dicyanodiamide. The salts of cyanaraide (cyamides) are acted upon by hydroj^en 
sulphide in the same manner os cyanaraide itself. Dry hydrogen sulphide acts with 
great violence on silver ejamida (K. Baumann, Deut, (Sirw. Oes. Btr, viii. 20), 

A’trrow add converts thioctirlMmide into a reddish body, witli t*volution of nitro' 
gon dioxide and probably of free nitrogen. Nitrous ether converts it into ammonium 
thiocyanate (Claus, Liebig* s Annaien^ clxxix. 136). 

Thiocarbamide and irichJaracetic acid heate<l together ou the water-bath or In A 
sealed tube, yield chiefly hydrogen sulphide and carbon dioxide, perhaps also 
chloroform and volatile organic compoimds; a similar reaction takes place in alcoholio 
solution (Maly, Deut. Chrm. Gee, Her. ix. 178). With monochloraoetie acid, thio- 
carbamide yields thiohydantoin (Claus a. Hermes, lAsbi^s Annalrti, clxxix. 146). 
Thiocarbamide treated in aqueous solution with silver carbamide is converted into 
cyanaraide and urea, with separation of silver sulphide. If the silver carbamide used 
is quite fresh, another product is also formed which has not yet been investigated 
(PonomarefF, Bull, Soo. Chim, [2], xxi. 646). 

Compounds . — Thiocarbamide unites directly with bromine and chlorine. 

The ftromide, (CSN*H*)*Br*, is formed, with violent reaction, when 1 mol. bromine 
is added to a concentrated alcoholic solution of 1 mol. thiocarbamide. The crystals 
thus obtained dissolve without alteration in Ucohol, arc insoluble in ether, and ar<? 
decomposed when heated alone t/^ 76^, or with orominc. The aqueous solution when 
heated deposits sulphur. Sodium-am^gam added to the alcoholic solution reproduces 
thiocarbamide. 

The chloride, (CSN^H^KIP, obtained by the action of chlorine on a concentrated 
alcoholic solution, may be washed witli ether and rirted at W»®-100®. With careful 
cooling, both these compounds may bo prepared in aqueous solution (Claus, LMAff's 
Annalen, clxxix. 136). 

2. With ethyl bromide and iodide.— Thiocarbamide heated with ethi/l 
bromide yields the compound CSN*H^C*H*Br, which crystallises in hexagonal plates 
and is easily decomposible (Claus a. t^ie^ned, ibid. 146). With eth^ iodide, accord- 
ing to the conditions of the experiment, the compounds and 

2CSN^H^C*H*I are obtained ; similar produeta also with acetyl chloride (Claus a. 
Herm^ ibid.) 

With metallic chlorides. — The compound (C,SN*H‘)*.A^l is precipitated on 
mixing a dilute solution of thiocarbamide with diver nitrate till the turbidity at flrst 
produced disappears, and then abiding bydrt jelilortc acid. This compound is not 
decomposed by boiling water containing hydrochloric acid, but pure water at the 
boiling heat decomposes it, with separation of silver sulphide. Strong nitric acid 
separates aUvnr chloride. Warm aqueous ammonia witlulraws the whole of the sil ver 
in the form of the sulphide, prq^cing at the same time sulphur and dicyanodiamidine 
(Baumann, loc, cit.) Wttii lead chloride, thiocarbamide forms the compound 
(CSH’H*)*.PbCP, which ciystallisss in nesdlM^ and a sii^le double salt with mer^ 
curous chloride (Claus, Lisoig^s Annalen^ ehnds. 1S6). With f wynwy ehloride, thio- 
carbamide unites in two proportions, yielding tho eomponiid 40Sl<nJBLtRg01*, which 
forms huge well-deflncd c^stals, and 2CSN*H^.HgCl*, which Is a chalSy pensto* 
These two compounds are likewise formed, together with metallic mercury, on beating 
thiocarbamide with mercurous chloride (C%ius, B/ml. Chem. Gea, Ber, ix. 227). 
According to Maly (•6»d. 173), the latter compogpil crystallises in tofts of micro- 
■copie ne^ea, very slightly soluble in water (a A pm cent, solu^on giving a consider- 
able precipitate), insolnMe in alcohol, bydr^moric acid, and salt-water. Aoneous 
■odium carbonate decomposes it, even at ordinary temperatures, with formation of 
metmine sulphide. 

The eino oamwmdt 2C8N*H^ZDC1^ formed on mixing the aqueous solutions of 
thiocarbamide and sine chloride, is moderately soluble in warm water, and eiysUlltses 
in large cokmrlsss prisma having a g^as^ lustre, and mostly grouped in spherical 
geodes. Hydrogen sulj^de passed into itf solution throws down sulpbido of sliic. 
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Nitric acid oxidises the compound with Tiolence. The compound of thiocarbamide 
with sianncus chloride has ihe composition 2CSN^^SifCl* (Maly). 

With other metallic salts. — ^With mercuric iodide^ thiocarbamide forms the 
compound OSN*H*.HgI®, which crystallises in yellowy needles, insoluble in water and 
in acid liquids, but easily soluble ,in alcohol. With cadmium etUphate it forms the 
salt 2GSN^lI''.CdSO^ which crystallises in short white prisms, or longer transparent 
and colourless prisms, moderately solublo in water (Idaly). 

Thiocarbamide and recently precipitated eilver oxalate (1 mol. of each) heated 
together in aqueous solution to about 100^, yield silver sulphide, cyanamide, and 
oxalic acid (Maly). According to Claus (ioc. cit.) a solution of thiocarbamide boiled 
with silver oxalate jdelds metallic silver, silver sulphide, and the compound 
6CSN*H\C^O‘Ag*, which crystallises from hot water in glassy needles, very slightly 
soluble in cold water. «It has a neutral reaction ; decomposes at 60^, with separation 
of silver ; is decomposed by hydrogen sulphide into oxalic acid, silver sulphide, and 
thiocarbamide, and partially decomposed by prolonged boiling with waters this de- 
composition, as also^ the reaction between thiocarbamide and silver oxalate, being 
attended with ovolutibn of carbon dioxide (Maly). 

Substitution-derivatives of Thiocarbamide, 

A. Containing Monatomic Alcohol-radicles, * 

Allyl-ettayl-tlilocartoaiiiidef CSN*H*(C*H*XC!®H^), formed by the action of 
ullyl-thiocar^imida on ethylamine, crystallises with difficulty, and is slowly dosul* 
phurisod by niercurophenyl ammonium chloride, yielding a salt which crystallises 
from water in efflorescent tablets, containing the elements of 1 mol. ethyl-phonyl-guan- 
idine and 1 mol. mercuric chloride, and therefore represented by the formula 
CN»(C»lI*)(0*H»)(C«H»)IP.ngCl* (Forster, DeuL Ckem Ges. Bcr, vii. 294). 

i^^myl^ttiionarbamldet NH^.CS.KH(C^H’*). This compound forms monoclinic 
crystals, exhibiting the faces OP, ooP, — P, gpoo . The crystals are tabular, from 
predominance of OP, and cleave perfectly in Uio direction of this face, less distinctly 
parallel to ooP. The plane of the optic ax^s is the plane of symmetry (Arzmni, 
Pogg, Ann, clii. 284). 

91ieiiyl*tliiooarbaiiildev C'H*N*S = NH*.CS.N1I(C*H“), is formed by the action 
of hydrogen sulphide on cyananilido dissoU’ed in bonzono, and crystallises out oven 
while the gas is passing through the liquid : CN.NH.OH* + H*S =» NII*.CS.NH(C*H*) 
(Wei til a. Weber, Dcut, Ckem, Ges, Her, viii. 819). Phenyl-thiocarbamide may also 
be prepared by heating aniline hydrochloride and ammonium thiocyanate (1 mol. of 
each) on the water-bath for a few hours, evaporating to dryness, again heating the 
residue for some hours, and treating the melt dith water, which leaves the phenyl- 
thiocarbamide undissolved (Ph, de Clermont, Compt. rci%d, Ixxxii. 612). 

This compound, heated with artguumia to 130®-140°, is resolved into ammonium 
thiocyanate and aniline. Hoato^ with hydrochloric acid to 120° in a sealed tube, it is 
resolved into carbon dioxide, ammonia, hydrogen sulphide, and aniline, lloat^ by 
itself to 180°in a sealed tube, it splits im into diphonyl-thiocarbamide, ammonia, 
aniline, and oUier products (de Clermbm*). Polled in alcoholic solution with merewro- 
phenylamTnonium cMoridCf it is very slqwly deBiilphuris6<l, and converted, after 
several days* boiling, into diphenyl-guanidine, the formation of which is preceded 
by that of intermediate products containing sulphur and mercury. The final reaction 
is repTosentod by the equation : , m 

CSN*n*(C«H») + NC*HMIg.Ha CN*(C«H*)»H*.HCl -*• HgS. 

l>tpbenyl«tl&ioo«rbamlda or XbloearbanlUde, CS(NH.C*H*)*. This com- 
pound, added by small portions to fuming nitric acid, is very strongly attacked ; and 
on pouring the resulting solution into water, boiling the nitro-compound which sepa- 
rates out with alcohol, and recrystallising the undissolved residue from strong nitric 
acid, yellow crystals are obtained having tlie composition of tetranitro-azoxy- 
benzene, C**1I*(N0*)^N*0. Di phenyl-thiocarbamide is oxidised by chromic acid and 
permanganic acid, probably yielding phenyl-thiocarbimide and diphenyl- 
oarbamide (m. p. about 228°). On heating diphenyl-thiocarbamide with strong 
Bulphuri6 acid, sulphur dioxide and carbon oxysulphide are given off. The product 
diluted with water and saturated with potash, yirids a large quantity of aniline ; 
when neutralised with barium carbonate and evaporated, it yieloa only traces of a 
Kgr imw fl«dt (A. Fleischer, Jhut, Chrm, Ges, Ber, ix. 993). 

Diphenyl-thiocarbamide boiled in alcoholic solntion with 
chloride, as long as mercuric sulphide ^parates out, is decomposed in the same 
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manner as monophenjl-thiocarbamide, 
guanidine, which remains on e^porating 

OSN*HXO>H»)* + NC«H»JB[g.HCl - HgS + 

On the reacHon of Dijfkenyl-tAiocarbaimde wiik Ciirbod^Aenylimidet see p. 402. 

Di -paraehlorophen/1 ^thiooarbamide, 

C8(ira.OH«Cl)* . 08— HN ^ 

(LoBonitseh, Deut. Chem. Ges. Ber. v. 156 ; Beilstein a. Kurbatow, ibid, vii. 730, 1489, 
1650). — This compound, prepared by boiling p-chloranlUne (from chloracctanilide) 
with carbon disulphide, crystallises from alcohol in long white needles, having a 
bitter tasto and melting at 166^ (LosaniUch), at 168^ (B. and K). On mixing its 
hot alcoholic solution with iodine dissolvocl in alcohol. Sulphur immediately separates 
out; the remaining liquid distilled in a current of steam yields chlorophonyl- 
thiocarbimide, 8C::::::N — C*1I*CI ; and the residue of the distillation contains a 
small quantity of a substance soluble in alkali, precipitable therefrom by acids, and proh- 
jibly consisting of trie hloro-triphenyl-guanidino, (0*H*Cl)Nr::rC(NH,Cl*lf^OI)* 
(Losanitficli)- According to Beilstcin a. Kurliatow, this reaction yiehla, in addition 
to the ppxlucts above mentioned, di-parachlorophonylcaTbamido, CO(NH.C*H*Cl)^ 

chlorophenyl-thiouretbane, ^^^d parachloraniline hydriodide. 

(1). On adding iodine in theoretical quantity to a boiling alcoholic solution of di> 
paruchlon>phenyl-thiocarbainidc, the liquid ultimately becomes colourless, and yields, 
when heated with water, a distillate of chloropheny 1-thiocarbimide, which 
crystallises from alcohol in long shining needles melting at (at 40^ accor^liiig 

to liOsanitsch). (2). The remaining mstillalion-water contains noUiing but para- 
chloraniline hydriodide. (3). When the resinous mass which remains after 
distillation with water, is boiled with soda-ley as Long as the resulting alkaline solution 
gives a precipitate with hydrochloric acid, the wnolo of this alkaline liquid then 
treated with the acid, and the precipitate cj^tallised from ligroiti, parse h loro- 
phenyl-thiourothane is obtained, in need ios melting at 102*5^. The same eom- 
pi)und is produced dirfctly by heating chlorophenvl-thiocarbamide with alcohol to 140**. 
(4). When the portion of the resinous mass which is insoluble in soda-Ioy is exhausted 
with alcohol, and the residue, after digciftion with carbon disulphide, to remove f^ 
sulphur, is rocr^'stallised from glacial acetic acid, di-p-ohloropbouyl-carbamide, 
C(>(N1I.C*11*C1)^ is obtained in long noodles insoluble in the oidinary solvents, 
soluble without decomposition in strong sulphuric aci(d partly subliming and dsooin* 
posing at 270"^, without previous fusion. (6). On leaving the alcoholic extract of the 
resinous mass to evaporate, and agitating the remaining liquid with ether, the hydrio- 
dido of tri-/i-cbloropheny 1-guanidine is precipitated os a white powder ; and 
on leaving the ethereal hltrate to evaporate, drenching tho residue with carbon 
disulphide, and Altering, the Altrate on standi ngf* deposits Ane needles of triphen^l- 
guanidine, easily soluble in alcohol and ether, insoI.^4e in water, resolved fay heating 
to 230^ with carl>on disulphide into chlorophenybthiocarbamide and di*p-c1iloro- 
phenyl-thiocarbamide (Beilstein a. Kurbatow)^ 

Sanxjrl^tlilooarbamldef NH^.GS.14IT(CH’.C*H*), produced by the action of 
potassium thiocyanate on benzylamine hydrochloride, forms cnrstals soluble in water 
and in alcohol and melting at 101** (Patera^ a. 8pica, Gate, chim, Hal, v. 888). 

Slbenxyl-tliloowrlmml&t NH(C*IF).CB.NH(C'I1^), obtained by boiling an 
alcoholic solution of benzylamine with carbon disulphide, and recrystallisiug tho 
residue left on evaporation, forms large shining four-sided plates, melting at 114**, 
insoluble in water, but soluble in alcohol and in ether (Stiakosch, Deni. Clum» Oee, 
Ber. V. 692). 

leodiheneyl-thiocarbamidej NH*.C£i.N(CrH^)» prepared from potassium 
thiocyanate and diben^lamine hydrochloride, forms large colourless needles moderately 
soluble in water, very soluble in alcohol and ethe^, meltiDg at 150**-167^ (Patemd a. 
8pica). 

VflMtolyb^liloearbmtttlda, NH’ CS.NH(C^«.CH») [NH ; 1 ;*4]. This 

• . . J t . _ • 1 Al-I * J- MM... « 1 _ 

compound ] 
toluP"- 

'^hic ^ „ 

It is thus obtained in colourless plates, which melt at 188^, have a persistent bitter 
taste, and are nearly insoluble in water and in ether. They are deomnposed by 


yielding the hydroehlmnde of triphenyl* 
the idcoholic filt^te (Forster, t^. vu. 294). 
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potash, with reproduction of paratoluidine (Be Clermont a. Wehrlin, Compt fend, 
Ixxxiii. 347). ‘ { 

atl&Tl^plieiiyl-tlslooarbaiiiiaey 0SN^^0‘H‘‘)(0*H*). Hofinann (Jahresb, f, 
Chem. 1808, 665), described two modifications of this compound, one melting at 145*’, 
obtained from ethyl-thiocarbamide and wiline, the other, melting at 97^, from phenyl- 
thiocarbamide and ethylamine. According to Weit^i, on the other hand, {DeiU, Chem, 
Gea. B&r, viii. 1523), these two processes jield one and the same ethyl-phenyI-thio> 
carbamide, which forms large monoclinic crystals melting at 99^-99*5^. When 
farther heated, it begins to boil at 1 50^^, giving off ethyMhiocarbamide and ethylamine ; 
and at 220° the thermometer remains stationary. Hydrogen sulphide escapes during 
the distillation, and the distillate is found to contain eth^^-phenyi-thiocarbamide and 
thiocarbiinilide. When othyl-phenyl-thiocarbamide is heated with aniUnet ethylamine 
is given off, and thiocaxbanilide is fbrmed in large quantity (Weith). 

£thyl-phenyl*thiocarbamide, dissolved in benzene, is converted by boiling with 

load oxide into carbethylphenylimide, which is reconverted by 

addition of SH^ into ethjl>phenyl>thiocarbamide, and unites with aniline to form 
ethyldiphenyl-guanidine, (Weith). 

Allyl-plieiiyl-tlilooarbamide or Pliatiyl-tbloslnwaDlney CSN2H^C*H^)C*H^ 
prepared from phenyl- thiocarbimide and allylamine, is identical with that which 
Zinin obtained from allyl-thiocarbimide (mustard-oil) and aniline (v. 783). It melts 
at 98®, and is resolved by hydrochloric acid into CO*, SH®, aniline and allylamine : 
hence it has the constitution NH(C*H*),OS,N'H(C®H*) (Weith), 

Stliyl-paTatoljrl-tlilooarbamldev CSN*H®(C*H®)(C*H*.CH*), obtained either 
from ^aratolyl-thiocarbimide and ethylamine, or from ethyl-thiocarbimide and para* 
toluidine, crystallises in monoclinic plates melting at 96®-96° (Weith). 

IMtoIyl-tblocarbamld®. CSN*H*(C®H«.CH*)*, is formed, together with allyl- 
tolyl-thiocorbamide (toM-thiosinamine, Isf Suppl. 1089), by mixing an alcoholic 
solution of toluidine with mustard-oil. The two compounds are sepeun.t6d by warm 
alcohol, which easily dissolves the toljp’l-thiosinamine, while the ditolyl-thiocarbamide 
remains behind, but may be dissolved by a Cargo quantity of boiling alcohol, from 
which it crystallises in hard colourless granules melting at 176®, It is nearly 
insoluble in cold alcohol and in other, dissolves with difficulty in hot benzene, and is 
insoluble in water. When heated, it melts, gives off vapours having a very strong 
odour of star-anise, and burning with a smoky flame. Small quantities of it heated 
in a glass tube sublime without residue in small fine crystals ; with larger quantities 
partial decomposition takes place. Ic is insoluble in hydrochloric acid, even when 
hot and concentrated, also in potash and ammonia. Treated in hot alcoholic solution 
with silver nitrate, it yields silver sulphide and ditolyl-carbamide, CON®(C^H’)*H*, 
melting at 263° (Maly, Zeitschr, /, Chem, [2], v. 258). For its other reactions, see 
Isf Suppl, 1061). 

irapbtbyl-tblooarbamldr , NH*. OS.NH(O'®Ii0» formed by heating naphthyl- 
amino hydrochloride with ammonium thiocyanate (1 mol. of each) on the water*bath 
for a few hours, crystallises in small rlmmbic prisms, which turn brown on exposure 
to the air, and molt at about 198®. It has a persistent bitter taste, dissolves sparingly 
in water, other, and alcohol, more freely in^boiling alcohol. Its alcoholic solution is 
desulphurised by load oxide at the boiling heat. On adding a little nitrous acid to 
its solution iii sulphuric acid, oxides of nitrogen are given off, and a brown fiocculent 
substance is formed, possessing great tinctorial pover (Be Clermont a. Wehrlin, 
Compt. rend. Ixxxii. 612). 

B. DeHmtivea containing Diatomic Aloohol-radicles and Aidchgdc-radielca, 

IMetbyUdene-tbtooarbamlde, is obtained in the form of an 

ammonia compound ; 

CSN>(C«H‘)*.NH* or C!S<^|g=;j>NH. 

by iteating a moderately ooncentiAited solution of thiocarbamide with aldehyde- 
ammonia ; 

. .h-, 

Aldehyde-ammonia 
3 mds. 

its formation being analogous to that of ethylidene-carbamide by the action of thio- 
carbamide on al^yde; C*H«0 + CSN*H®-CSN*H»(0*H®) + H*O (2iKf Sup^. 1116). 
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The ammoiiia-oomponiid ii slightly soluble in boiling water, ine^uble in cold 
alcohol and ether, and melts a| 180^. Its aqueojm solution, which is intenselT bitter, 
is lesolyed by prcdoiigod boiling, or more quickly in presAoe of adds, into aldehyde, 
thioearbamide, and ammonia (Nqncki, J)eut, Chem, Ber, Tii. 158). 

SUsyltdeae-pliaayUoaetliyl-tIkloearlmmIde-ammottia, C^H**N*S*0> m 

[C3<^ig5-XOOH->J»H. • „ ®<pgri21?^3ra^>>0» 

(R. Schifl^ Octet, cMin, iioL ri. 244), This compound is formed by heating aldehyde- 
ammonia (3 mol.) in the water-bath with phenyl -thiooarbimide (1 mol.) dissolr^ in 
a moderate quantity of absolute alcohol. On cooling, the whole solidifies to a crystal- 
line pulp, which may be purified by washing witii cold alcohol and reciystaUisatiou 
from boiling alcohol. The compound is thus obtaineii in white silvery nerales having 
an intensely bitter taste, and melting at 148°. Chloroform the only Liquid which 
dissolves it readily at ordinary temperatures ; at highsr temperatures it dissolves 
abundaiftly also in alcohol, with moderate facility in water, sparingly in carbon disul- 
phide, scarcely at all in ether or in bensene. 

The formation of this compound, represented by the equation : 

4C*H^NO + 2C»H*NS - + 2ITO + NH*. 

is anal<^u8 to that of diethylidene-thiocarbamide-ammoniaby the action of aldehyde- 
ammonia* on thiocarbamide : hence the compound itself may bo represented by the 
constitutional formula above given. 

This compound is not attacked by dilute acids in the cold, but when heated with 
them it gives ofif aldehyde. When hydrochloric acid gas is passed into its cooled 
solution in chloroform, a hydrochloride is thrown down in the form of a white jelly. 
Heated with strong hydrochloric acid to 160°, it yields aldehyde, hydrogen sulpiiido, 
carbon dioxide, ammonium chloride, and aniline. When added to worm acetic ankv* 
dride, it dissolves, with dark-red coloration, and emission of aldehyde, and as tne 
liquid cools, acetyl -phenyl -thiocarbamide, NH(C*H*).CS.NH(0*11*0), crystal- 
lises out (^chiiT). • 

An analogous compound, C’*II*‘N*S*0*, ccgitaining allyl instead of phenyl, is 
formed from ^lyl-thiocarbamido (mutton! -oil^ and aldehyde-ammonia. It crystallises 
in white neodlos, molts without decomposition at 107^-108°, dissolves readily in 
alcohol, chloroform, anrl hot water ; less readily in cold water. It is altogether less 
stable than the phenyl -compound, and is decomposed even by boiling with dtlulo 
alcohol, more quickly wnth alkalis or acids, giving off aldehyde and ammonia. It 
forms, however, a hydrochloride which crystallises in microscopic needles. An 
attempt to recrystalliso a considerable quantity of it from hot water resulted in its 
decomposition into ammonia, aldehyde, and thiosinamine (Schiff). 

The corresponding ethyl-corn pound, C*^H**N*S*0*, obtained from aldehjrdo- 
ammonia and ethyl- thiocarbi mi de, is distinguished by its marked tendency to crystal- 
lise: it forms silvery needles melting at 118°-119°, dissolves readily in alcohol, 
ether, chloroform, and hot water, less easily in c/sd witter (Schiff). 

Tolylene-OitHlooturtoamide, 08.NH.C»H« NH.CS.NH*, is 

formed by molecular transposition of tolylonodiamine thiocyanate, 

When a warm concentrated aqueous soIutiorMof tolylenodiamine sulphate is mixed 
with a warm solution of potassium thiocyanate, the liquid evaporated on the water- 
bath, the residue exhausted with alcohol, and the filtrate purified with animal charcoah 
tolylenediamine thiocyanate is obtained in large transparent prisms easily sol able in 
water, and ^ving the reaction^f th« thiocynnates with ferric chloride. This salt, 
however, quickly changes, even without the aid of boat, into tolylene-dlthiocarliamide, 
which is quite insoluble in water, whether hot or cold, and likewise in other, and 
dissolves but very slightly in bjiUng alcohol ; vnth moderate facility, however, in 

f lacial acetic acid, from which water precipitates it as a white onrst^line powder. 

t melts at 21 8°. Heated with phosphoric anhydride, or better with stro^ l^ro- 
chlorie acid, it is resolved into ammonia and a thiocarbimide, 

which forms a brown transparent somewhat viscid oil, not voiatile without decomposi- 
tion (R. lAissy, Deut, Chem, Gee, Ber, viL 1263 ; vjii. 667). 

irbwntAe* CrH*[NH.0S.KH(0*H*)]*, formed hj 

^ __ with ethyl iodide, crystallises indistin^y and melts 

_it 225^. 'fhe corresponding aoetyl-eompound, obtained in like manner with acetyl 
chloride, forms white needles melting at 232°, sparingly soluble In hot water, alcohol, 
and ether, moderately soluble in glacial acetic acid (Lnssy), 

^ _ . Cna:*[NH.C9.NH(Cra»)]*, is formed 

on mixing the ethereal solutions of bcdjlaaediamiiia and phsiyl-tfaioearbiiiiida and 
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sepairates after a while as a white ^ ciystalline powder, melting at 238^. By heating 
with strong Hydrochloric acid, it is resolved into the fhiocarbimide above described, 
and tetraphenyl-guanidine, which separates in brown crystals 

(Luauy). 


0. Derivativea containing Add-radioUa, 

Aoetyl-tbiocarbawiide, CS(C*H*0)HfN« « NH*.CaNH(C*H*0). Thiocar* 
bamide dissolves easily in warm acetic anhydride, and the solution on cooling yields a 
yellow ciystalline mass which, after several re^stallisations from hot water, yields 
colourless prisms of the acetyl-derivative. This compound dissolves easily in alcohol, 
less easily in other, melts at 1 1 *5°. The aqueous solution, which has a neutral reaction, 
gives with platinic 'chloride a crystalline, sparingly soluble double salt, 
(JS(C*II*0)IPN*.2H01.Pt01^ (Npncki, Deut, Chem, Geo, Ber. vi. 698). 

Acetyl-thiocarbamide is also fbrmed in small quantity when dry ammonia gas is 
slowly passed through an ethereal solution oi aeetgl thiocyanate^ though the more usual 
|)roduct of this reaction is a compound of thiocyanic acid and acetamide, which 
sejjarates as a yellow oil (Miguel, Bull. Soc. Ckim. [2], xxv. 104). 

Aceiyl-pkenyl-ihiocarbamidet 0®H*®N®OS = NH^H*).CS.NH(C*H®0), is 
formed, together with aldehyde, on adding the compound 0*®K*'N®S*0* to warm acetic 
anhydride, and ciyattillises out on cooling (R. Schiff, p. 399). 

It is also produced, similarly to acetyl-thiocarbamide, by the action of aniline on 
acetyl thiocyanate, tho mixture being diluted with 2 or 3 vols. of ether, to moderate 
the reaction, which is otherwise very violent (Miguel). It crystallises in laminee 
having a nacreous lustre and splendid iridescence ; molts at 173® (SchifP), at 168®- 
169° (Miguel) ; dissolves easily in glacial acetic acid, ether, and chloroform, less 
easily in alcohol, and is nearly insoluble in water. 

aeiiso3rl-tliloourba.mide, 0*11“’ : 1. By gently heating 

1 mol. benzoyl chloride with *2 mols. thiocarbamide, whereby a yellow pasty mass is 
obtained, which 8oli<lifie8 at 120® (W. H. Pike, Deut. Chem, Ges. Ber, vi. 766). 2. By 

the action of aqueous ammonia on benzoyl thiocyanate, whereby ammonium-benzoyl 
thiocyanate, ON 9.C’H'‘(NH^)0, is first produced, and then converted by molecular 
transposition into bonzoybthiocarbamido (Miguel, Bull. Soc. Chim. [2], xxv. 252) : 

CN.S.O’H^O + NH* - NH*CS.NH.C’H»0. 

Benzoyl-thiocarbaraide crystallises from alcohol in shining colourless needles 
molting at 169‘’-170® (Pike); at 171® (Miguel). It has an intensely bitter taste, 
dissolves easily in ether and alcohol, sparingly in water (Pike), easily in alcohol, 
sparingly in hot water, also in ether and carbon disulphide (Miguel) ; forms a crystal- 
line platinochlorido iiisolublo in water (Pike). 

Bencoyl~yhenyl~thiocarha^^\ide^ action 

of aniline on benzoyl thiocyanate, crystallises in silky flexible needles, melting at 149°, 
soluble in alcohol and other, insoluble in water. It is decomposed by heating with 
nitric acid ; but if tho acid be added in Jargo excess, and the liquid cooled after the 
thiocarbamide liHS dissolved, it deposits yellowish needles consisting of nitro- 

^NH C*II* 

benzoyl-phenyl-thiocarbamide, C*II^NO*‘ compound melts 

at about 30°, dissolves sparingly in alcohol and ether, and volatilises when heated on 
platinum foil. ^ 

Bonzoyl-phenyl-thiocarbaraide is resolved Jjy prolonged boiling with acids, into 
benzanilido, carbon dioxide, and hydrogen sulphide (Miguel). 

02[2 C*H* 

, from benzylamine and 

benzoyl thiocyanate, forms small prisms soluble in alcohol and ether, insoluble in 
water, melting at 146®, and afterwards solidifying to a plastic mass (Miguel). 

Olytsolyl-tnioearbamlde or Xliloliydaiitoiiit C*H®N*OS = 

( VolhBPd,^Lw6^’« An»a/ct», clxvii. 383; Maly, ihid. clxviii. 133, 138). The hydro- 
chloride cuTthis base, isomeric with chloracotyl-thiocarbamide, NH*.CS.NH(C*H*ClO), 
is produced, with violent reaction, on gently heating a mixture of monochloracetio 
acid and thiocarbamide in molecular proportion ; 

C*H*ClO* + CSN*H® » C»H®N»OS.HCl + H®0. 

This hydrochloride is easily soluble in water, sparingly in alcohol, almost insoluble 
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m ether. From its ii^ooiis solution it MpantAs oa ftlow csooling or eVHponitioQ in 
well-de6ned prisms. It fonts a platino^lori^e, 2(Ctfl*N*OS.HCl).PtCl*, which 
cr]^alt|ses in spicular laminv, and n crystalluid aurochloride. It is decomposed by 
sulphuric acid at ordinary temperatures, with efierrescence and evolution of hydro- 
chloric acid, and on adding nitric acid and silver nitrate to its aqueous solution, the 
whole of the chlorine is jprecipiti^ted in the form of silver chloride. These reactions 
show that the compound in quest ion cannot have the constitution of chloracetyl-tluo- 
carbamide. The aqueous solntiou of the hydrochloride is not precipitated by leatl 
acetate ; but on adding ^tash and boiling, a precipitate of lead sulphide is slowly 
formed. Mercuric chloride acts in a similar manner ; mercuric oxide does not se|>a- 
rate the sulphur even on boiling. 

Caustic alkalis or alkaline carbonates added at ordinary temperatures to the 
aqueous solution remove the chlorine, and throw down glycolvl-thiocarbamidu, 
C^H^N*OS, which crystallises from hot water or dduto alcohol in long shining 
needles/iand is reconverted into the hydrochloride by solution in hydrochloric acid. 

Qlycolyl-thiocarbamide is readily soluble in hot, sparingly in cold water, nsarly 
insoluble in alcohol and ether, and decomposes when melted. It is not desulphurised 
by boiling its aqueous solution with oxide of lead or mercury ; it is slowly desulphur- 
ised by iodine, oiisily by bromine, very easily by mercuric oxide in presence of 
ammonia. 

cjutnmvmrn^wmmMnxmx^m. o»h>*n* -« (C*H*)N:=C:rrN^O«u*), is 
formed by desulphuraiton of ethyl-phonyl-thiocarbamido dissolved in Ixiiling bensene 
by means of pulverised lead oxide. It is reconverted into ethyl-phenyl- thiocarliamide by 
addition of H^3, and converted, by addition of aniline, into ethyldiphenybguanidine, 

C*H‘— (Weith, DetU. Chan. Oa. Ber. viii. 16S0). 

a»»,0'>H“NO-C*H‘(p»H'X9H*XCONH*), U obtained 
by distilling potassium cymonfsiulphonate, C“H*".80*K, with potassium cyanide, and 
saponifying the solid portion of the distillate (impure cymybeyanido, C**H'*.GN) with 
alcoholic potash. It htrms white needles, melting at 188°- 139*^, slightly soluble in 
cold water, easily soluble in alonbol, ether, and* chloroform (Patem6 a. Inleti, Oaeg, 
chim, tied, v. 30). 

0A3U02I1Z1NIZ8IB or O Names given by K. Mulder to cyan- 

amide, which he represents by the formula C(NII)* {2nd Suppi, 404), 

CAMMOmnmnnxmamm, C»H»N«-0<NC*H*)* (Weith, J>mt. Chem, GeM. 
Ber. v\\, 10, 1303). When thiocarbanilide dissolv^ in hot bonsene is dtgesUHi with 
mercuric oxide, an eneigetic reaction sets in, and the liquid on cooling dexKisits a 
small quantity of a crystalline body having the melting point and reactions of car- 
banilide. On evaporating the benzene, a colourless syrup remains, which graduallv 
solidities into a vitreous mass. This compound is carbodipheoylimtde, isomeric with 
diphenylcyamide. Its formation may lie r«>preseuted by the equation: 

It changes S}x>ntaneously into an opaque porcelain^like mass, w hich gradually l>eeom^ 
crystalline, and is probably polymeric with the vitreous form^ It melts ifct 
168°-170°. When heated it evolves a pungent vapour, which, when much diluted with 
air, smells like cinnamon. Hydrochloric acid passed into a solution of carbo- 
dipbenylimide in benzene throws down a crystalline precix>itate of hydrochloride, 

Garbodiphenylimide unites very readily with the elements of water, yielding 
diphenyl-carbamide. This tranifonnation may be effected bv the action of 
alcohol upon the hydrochloride, by treating the same compound with weak solution 
of soda, or even by boiling pure carbodipbeiiylimi<^ with spirit of wine. 

OarbocUphenyfimide combines directly with aniline, producing o-tri phenyl-gua- 
nidine, and wiUi arnmnnia, probably forming diphenyi-gnanidine. 

When carbodiphanylbnida is heated to about 170° in hydrogen sulphide, o^bon 
disnixddde is evolved. The residue consisto of o-tri phenyl -guani£ne, thiocarbanilide, 
and aniline. 

The reaction probably occurs as follows : — 

O + 2H*8 - CSS* + 2H*NC*B*. 

CsrtodfpbsnyilmJde. Aailias. 

Thso-triphenjl-gnanidins which is formed results from the union of carbodtphenyl- 
imide with a jxution of the aniline. 

When hydragsn sulphide is passed int^a cold solution of carbodiphsnylimkle in 
9rd i>up. V D 
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benzene, the only product formed is thioearbsnilide, CS(NH.CI^»)* ; and this, when 
heated to 160^-170^ vith, hydrog;^n sulphide, is shfost eomnletely resolved into 
aniline and carbon dianlphim, with only a very small quantity oftriphenyl-guanidine : 

qNCB*)* + H*S - OS{Ni3*H».H)* 
and CS(N.C*H».H)* + - OS* + 2(NH*,0*H»). 

When carbodiphenylimide and diphenyl-carbamide are heated together, they begin 
to react below 160°, and at higher temperatures phenyl cyan ate distils over, and 
the residue of the distillation contains o-triphenyl-guanidine. With the hydrochloride 
of carbodiphenylimide, the action begins at 140°, and is complete after an hour's 
heating. The phenyl cyanate thus obtained unites with ammonia to form mono- 
phen^carbamide (p. 390). 

ianyUthiocarbimj^ acts upon carbodiphenylimide even at 100°, but more 

^ at 160°, forming o^triphenyl-guanidine and phenyl -thiocarbimide. The 

action takes place more quickly when a solution of carbodiphenylimide mol.) in 
benzene is mixed with diphenyl-thiocarbamide (1 mol.) and hydrochloric acid ^ mol.), 
or hydr iodic acid (1 mol.) dissolved in alcohol, and the mixture is heated for a few 
minutes on the water-bath. 

When a mixture of dy^raiolylthiocarbamide, hydrochloric acid, and carbodiphenyl- 
imide is heated with alccmol for about an hour, paratolyl-phenyl-thiocarbimide and 
the hydrochloride of a tolylphenyl-guanidine are formed, together with small quan- 
tities of phenyl-thiocarbimide (Weith, Deut. Chem. Ges. Ber. ix. 810). 

Carbodiphenylimide Hydrochloride is obtained by passing hydrogen chloride into a 
moderately strong solution of carbodiphenylimide in benzene, till the white crystalline 
precipitate at first produced is redissolved. On cooling, the hydrochloride crystallises 
m needles having a strong lustre (Weith). 

CAJUIOB‘Sn>SOQVrXIflromCC BCXB, syn. with Pbotocatbchuic acid. See 
BrKZOIC acids (D10XT-), p. 289. 


OABBOlsra 1. Diamond . — The following determinations of the specific gravity 
of diamonds (compared with water at + 4°, and reduced to a vacuum) have been 
made by E. H. v Baumhauer {Archives nierlandaises, viii. 1). 


Brilliant, nearly colourless, from the Cape 

Brilliant, faintly yellow, from the Cape 

Hough diamond, yellowish, from the Cape ...... 

Bough diamond, small, perfectly clear, from the Cape .... 

Bough diamond, with a small black speck in the interior, from the Cape 
Bough diamond, with large speck and cracks, from the Cape 
Rough diamond, dear, formed of two crystals, from the Cape 
Bora, spheroidal, grey, translucent, but not transparent 

Bord, spheroidal, white, from the Cape 

Bo^, small, from the Cape ......... 

Grey carbonado, f^m Brazil 

Grey-black carbonado, from Bsazil 

Black carbonado, from Brazil ... v ... . 

Spheroidal carbonado, from Brazil 

Spheroidal carbonado, from Brazil ' . . . 

Grey mass, semitranslucent, distinctly crystalline .... 
White mass, semitranslucent, slightly crystalline .... 


Sp. gr. 

3 51812 
3*52063 
3*51727 
3*51631 
3*51934 
3*60307 
3*61436 
3*50383 
3*60320 
3*49806 
3*20053 
3*29287 
3*16136 
3*44497 
3*20378 
360662 
3*60216 


The mean density of the first five of those stones is 3*61835 at 4°. The number 
3*51432, found by R. v. Schrotter (Jahreeberioht, 1871, 257) as the mean of a largo 
number of determinations, is regarded by v. Baumhauer as too low. 


^eet qf Hiah Temperydurcs on the Diamond . — Diamonds heated to whiteness in a 
platinum crucible exhibited no diminution of specif gpravity, Instre, or transparency. 
A light green diamond acquired by ignition a yellowish, a dark-green diamond a violet 
colour, without alteration of weight in rither case. Brown diamonds became by ig- 
nition more or less grey, and considerably more transparent ; and wben subsequently 
examined by the microscope, they appeared perfectly clear but beset with small black 
specks. Yellow diamonds, like most of those from the Cape, and grey diamonds 
underwent no change of colour (v. Baumhauer, loe. «/.) 

The incomplete combustion of the diamond in oxygen gu was never ohserred to 
be attended with blackening or splitting, so that transfoimatian into coke or gnphite 
under these circumstances appears doubtful. During tiie oombnstion, the diamond 
'was envdoped in a bluish-violet flame, like that of burning carbonic oadde (v. Baum- 
hauer). 

Diamonds heated to whiteness in a stream of aqueous vapour undergo no 
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alteration whataror ; Imt in a atreaiii of carbon dioxida thay lose waigjbt and baeoma 
dull (r. Baumhauar). This# last chaiwa waa^praTioii^j obaarved bj Jaequalain 
{Mm.Okim.FJ^.[BlxT.46S). a*- ^ 

The behaviour of the diamoud at high temperaturaa has also been examined by 
G. Rose (JBagg, Ann. cxlriii. 497). The diamond was first i^itad in a vacnum by 
means of a powerful alectrodra^mic apparatus^ being placed between carbon ^es 
and resting on one of them. It split into fraraents as soon as a red heat bad been 
reached. A second experiment was made wi& the same result. The diamond was 
partiallT changed to graphite on the surfa(», as the heat bad probably been applied 
too suddenly. A third experiment was mada» in whirii the diamond was placed in a 
hole bored in a small cube of the hard carbon which deposits in gas rQtorta» and this 
cube was placed in a graphite crucible filled with wood-charcoal, and heated for half 
an hour to the melting point of cast-iron. The diamond sufiered no change. A second 
experiment was made with a rosette-cut diamond, but^ with this difference, that the 
beat was applied only for ten minutes. On examination, the surface was found to be 
opaque ana black, with a bright metallic lustre. This crust was confined to the 
surface, for on breaking the diamond, the interior was unchanged. 

R. ▼. Schrotter, who made simthir experiments, found that on one occasion the 
surface of the diamond had become dull ; and a diamond wrapped in platinum foil 
was blackened, with blaick streaks running Uirough the interior, while the foil was 
fused tow button. 

The diamond, when heated in a muffle through which a current of air is passing, 
grows smaller and smaller, keeping its brilliancy till it finally disappears, and omitting 
a faint light at the last moment. The octohedrul and cleavage surfaces become 
indented with microscopic triangular impressions, which resemble those formed when 
a crystal is attacked by an acid. The edges are in no case rounded off in burning ; 
each atom goes at once from the solid into the gaseous state. The diamond shows no 
sign of changing to graphite during combustion, but sometimes becomes opaque. A 
small splinter may even be burnt before the blowpipe ; it does not blacken. Fourcroy, 
in 1782, on exposing diamonds to a high temperature ip a muffio, found Uint they 
became covered with a black oxwting. ^se obtains th*is by supposing that, as the 
older form of muffles had side openings, the *smoko from the furnace might have 
ODatc»d the diamonds. However, all uecounta of experiments in which diamonds have 
been exposed in the focus of a concave minor, describe them as becoming black ; and 
the same occurs, as already observed, in the oxyhydirogen flame. 

Some diamonds are naturally block. This appears to be a pseudomorphosis of 
graphite into diamond, but is possibly pro«lucecf on the diamona by heat. A black 
diamond boated in melting saltpetre, underwent no change, showing that the bladtness 
was due to graphite, not to amorphous charcoal. 

A variety of diamond colled * Carbonado,' or * Oarbonato,* is found in the Soap 
Mountains of Bahia. Pieces of this ^bstanco are said to have been found from one 
to two pounds in weight. A specimen in the Berlin Museum has no lustre, but 
appears porous when examined with a lens ; ^ colour is reddish-grey, and four 
pieces of carbonado exhibited a sp, gr* of 3*012, 3*416, and 3*266 respectively, 

which is obviously that of the diamond. Carbonado heated to whiteness in a muffle 
p;ave off small bubbles, losing its sharply cut edges, and becoming more porous ; also 
its surface grew dull. Soppert ascribes thebformation of bubbles te the carbonic 
anhydride which escapes, but nothing simj^r to this occurs in combustion of the 
diamond ; it may be assumed, therefore, to bo due to air escaping. Rirot found in 
three specimens of carbonado, 2*03, 0*24 and 0*27 per cent, of ash, consisting probably 
of alumina coloured by iron, fnrbonado may bo used for polishing diamonds, and 
for boring machines. Only throe specimens* of carbonado are known which possess a 
dystalline form ; whether they are tmS crystals or not is a matter of doubt. 

2. Grty^Jkiie , — To obtain pure ^graphite, the native substance must he very finely 
pnlverised and repeatedly treated with allmli, aqua regia, and hydrofluoric aciA The 
amount of ash may thus be reduced to 0*12 cent., and in the case of graphite 
ftom IBkihemia and Styria still further. Sometimes ferric oxide present in graphite 
exiata in the solnble state, and sometimes in the insoluble state, and Uie graphite 
fifom Styria frequently eontains fragments of easily pulverisable quarts. In purifying 
graphite an effi^ual elntriation is of g^t importance. 

When grai^ite from Bohemia or Styria is carefnlly purified and converted into 
graphitic acid (ii. 941), the product nnoB a yellow amorphous powder, no emtid- . 
line sCTuetare being visible ; and when this graphitic acid is heated, a residue is 
obtained which dceoLorises, and possesses a covering power greater than that of lamp* 
bladu Foliated or dystalline ^phite yields, on the other hand, a mphitic add 
which is ctjstalline, and the residue obtained by heating it possesses ndther deeotor* 
ising nor covering power. The graphite £tom enide soda-ley (from the Anssig wofks) 
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was found tOfOontain 79*79 pot cent, of carboDi 11*27 por^cont of feme oxide, and 
10*05 per cent, of silica. Tbe prese^e of ferric oxide |n this kind cf graphite tends 
to show that the sodium ejanide ana sodium ferrocyanide contained in the crude soda 
are converted by oxidation into carbon monoxide, nitrogen, magnetic oxide of iron 
and sodium hydrate, and that the action of carbon monoxide on magnetic oxide of 
iron gives rise to the formation of ferric oxide and spraphite (J, Stingl, Deut, Chem, 
Gee. Ber. ri. 891). 

Behaviour at High Temperatures . — The purer varieties of natural graphite often 
sustain on ignition a loss of weight which is considerable in comparison with the 
earthy residue left. The following results bearing oh this point have been obtained 
by Eammelsberg {ibid. vi. 187) : 

Ix»ss on ignition. Earthy matter. 

Ticonderoga, Now York . 8*85 per cent. 

Ceylon II , . . 2'66 „ 1‘28 per cent. 

Borrowdale . . . 3*8 — 5*08 „ 7*0 „ 

Oberer Jenisei (Alibert) . 2*63 ,, 4*6 „ * 

Tunguska (Sidorow) 1*77 — 2*38 „ 6*63 

After fusion with caustic soda, digestion with acids, washing, and drying, inorganic 
matter is still left on combustion. 


Tinconderoga 0*24 per cent. 

Oberer Jenisei 0*6(1 „ 

Arendal 0*64 „ 

Some varieties of graphito burn on fu.sed nitre, others do not. To the first class 

belong samples from Ceylon (I), Borrowdale, Oberer Jenisei, Uperniwik (Greenland), 
and Arendal; the sp. gr. of these varies from 2*257 to 2*321. To the second class 
belong Ceylon (II), Ticonderoga, and graphite from blast-furnaces, in which the sp. 
gr. varies from 2*17 to 2‘30. 

Carbon of White Pig-Iron . — The carl)onaceous residue loft after treating white 
pig-iron with solution copper sulphate, washing the ciirbonaceous copper, and then 
treating it with ferric chloHde and hydrochloric acid, is a brownish, pulverulent 
substance, which, after w'ashingwith hydrochloric acid and water, and drying at 100®, 
gave on analysis in 100 parts : • 

Siliceous Not doter- 

Carbon. Water. ash. mined. 

64*00 26 10 8*1 1*8 

The weight of the combined carbon was found to bo 63*1 per cent, of the residue; 
that of the graphite 1*2 per cent. The residue, after deducting the silicon and im- 
purities, cousists of a hydrate of carbon, exhibiting the ratio llO I 3H*0. This 
ratio of carbon and water is constant for the products yielded by various white pig- 
irons, and is moreover the sumo as in the iudived hydrate (59*69 per cent, carbon, 
22'50 water, and 16*0 iodine), which Eggertz obtained by the action of water and 
iodine on metallic iron ; it connects Jhis body, as graphitic hydrate, with Brodie's gra- 
phitic acid series, and with Berthel..i.'s graphitic oxiae. 

This hydrate of carbon, bcatSd to 260®, rapiflly loses water. Ordinary nitric acid 
attacks it when heated, and transforms it into a rod-brown amorphous body, soluble 
in excess of thv acid, in alcohol, fixed alkalis, ammonia, and water, from w*hich solution 
neutral salts precipitate it. Heated in a tube, it emits a distinct hydrocy^ic odour; 
the residuu w*as reconverted into the red-bfown substance by nitric acid. It gave on 
analysis, 52*13^52*41 per cent. carVion, 3*47-3*58 hydrogen, and 2*76 nitrogen, leHding 
to the formula C”H”(NO^)0**, or Gr"Il*'(NO*)0“. This substauoo, which is called 
xiitro-graphiti c acid, is supposed to bo identical Vith the product yielded by pig- 
iron on treatment with nitric acid (Schutzeiikerger a. Bourgeois, Compt. rend. Ixxx. 
911). 

CAJlSOar XOX>X3>S| Cl^ This compound is formed by mixing carlion tetra- 
chloride, diluted with an equal volume of carbon bisulphide, with a saturated solution 
of aluminium iodide in carbon sulphide. It crystallises in regular octohedrons, 
having a red colour and a sp. gr. of 4*32 at 20*2®. Air decomposes it slowly at the 
ordinary temperature, but more x^pidly at 100®, into carbonic anhydride and free 
iodine. It dissolves in carbon disulphide, alcohol, ether, and methyl idfiide, and 
when in« solution is very easily decomposed by air. Boiled with water or we^ 

• hydriodio acid, it yields iodoform. Alcoholic solution of potash decomposes it easily, 
but neither aqueous potash nor sulphuric acid acts on it rapidly (Gustavson, Compt, 
rend. Ixxrlii. 882). 

CAXaOW oxnas,— Sttbosiaes. Berthelot {BuU. l^lChim. [2], xxL 102) 
has obtained a sul>oxide of carbon, CH>*(?), apparently identical with that described 
by Brodio (2nd Sttppl, 259), by the actiop of the galvanic current on carbon monoxide. 
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It 18 ft brown amorphoufi having the conmatfiiiM of an and aomo- 

whftt resembling the brown aoida which are obtained oxidation in the wet way 
from rariouH forms of carbon. ^It is very soluble in water and aloohol, inaolnUe hi 
ether ; has an acid reaction ; gives brown preeipitatee with silver nitrate, load acetate, 
and barytft'water. Heated to 300*^...400^ in an atmoephore of nitrogen, it deeom- 
poses, yielding equal volumes 6t GO and 00*« and another darker-oolourod oxide, 
C*0*, which at a higher temperature suffers further decomposition, loaving a charcoal 
still containing oxygen. This gradmd progress of the decomposition rosemblos that 
which takes place in the decomposition of hydrocarbons by heat. 

^ SCoaoxtdOt 00. Ixirin {(>}mpt. tend. Ixxxii. 760) has observed tlio formation of 
this gas under the following circumstances. Dehydrated oxalic acid heoteil in an 
oil-b^h is resolved into water and equal volumes of CO and CO*. Those two gases 
are also obtained when oxalic ucid is heated with caucenfrated formic acid, but in this 
case tin monoxide is in excess. This gu is likewise evolved when deliydrated 
alkaline formates and acetates are heated with formic acid, an acid salt lieiug Ibrmed 
in the first instance, which at a higher temperature gives off carbon monoxide, leaving 
a neutral salt which remains unaltered. The action of dehydrated oxalic acid and of 
alkaline acetates and formates on formic acid is therefore exactly analogous to that 
of strong sulphuric acid. 

On tAie formation of CarlK)n Monoxide in the Blast Furnace, aee2itd Suppl, p. 70S ; 
also Chem. Soc, J. 1873, pp. 667. 677. 

Carbon monoxide is rapidly absorbed by anhydroxt* hydroeyanie aHA cooled by a 
freezing mixture. On adding strong hydrochloric acid, the two liquids do not mix, 
but form separate layers ; and on removing the tube from the freezing mixture a 
stuiuly evolution of carlxjn monoxide takes place, becoming violent on gentle heating. 
No glyoxylic acid is formoi!, as might have been expected according to the equatioD, 
CNU + CO + 211*0— NH*-C^U*0* (Bottinger. Deut. Ckem. Ge^t. Her. x. 1122), 

Carbon monoxide is not oxidised by orowf, either in diflihsod daylight or in direct 
sunshine (Remsen a. Southworth, Sid. Amer, J. [3],xi. 136). This result is somewhat 
remarkable, inasmuch as Ludwig has found that the oxidation of CO to CO* takes 
place under the influence of naocent oxygen from chromic acid {2nd SuppL 360), 

On the formation of Propionic acidivam carbon monoxide, s^h) I’uovtoNio acid, 

Moxitfe, CO*, Occurrence in Air and Water. — Tho observid ions of Weend and of 
Fittlxigen a. Hasselbarth on the average amount of this gas in the atmosphere, and 
those of Truchot on the variatiims of its amount in the atr of Auvergne at different 
seasons and at different heights, are given under Atuospiibbr (p. 182). 

The results of daily observations of the amount of carbon dioxide in the air, made 
in 1874-76 at Tabor in Bohemia, have been published by F. Farsk^ (Wien. Akad. 
Her. [2 Abth ], Ixxiv. 67). 

Muir(CAcm. AVtes, xxxiii. 10) has determined the amount in the air of several 
]dace8 on tho sca'Const, and found that it agrees with that of inland l(Kralitioe. 
Thorpe, on tho other hand, found that the amou*^^ of this gas in sea-air is consiiler* 
ably loss than that in air over the land (1st Suppi. 232). 

CO* in ike Air of Hoome. — From a considerable number of determinations by K. 
Schulze (Arch. Pharm. [3], ix. 412), it appears that the maximum amount of this gas 
consistent with a healthy state of the air of inhabitcil rewms, us ' dctermincnl by 
Pettenkofor (Ctkem. Soc. J. x. 202), viz. 9 to 10 c.c. CO* in 10 litres of air, is gene- 
rally exceeded even under the most favourable conditions. Schulze is therefore of 
opinion that this limit lias been fixed too low'. 

Amount of Carbon Dioxictk in iSca-®wi.'er.“-Froin observations by O. Jacobson, 
(Peut. Ckem, Gee. Ber. ix. 1793), it Hppcar<» tliat soa- water contains very large 
quantities of carlx»n dioxide, w'liich are not completely expelltxl by passing indifferent 
gases thresh the water, or by heating it. even in a vacuum. Jacobsen Attribnies 
the retention of the carbon dioxide to the sirouUancouspr^enc^ of magnesium chloride 
and calcium carbonate in the w'ater, inasmuch as an artificially prepared mixture of 
these two salts does not deposit any calcium carbonate when boiled, but retains the 
carbonk acid. Nevertheless, the absorption-coefiicient of a solution of magnesium 
cbloriwfor carbon dioxide is not neater than that of pure water, though when such 
a solution is ehoiged with carbon dioxide under pressure, it gives off the excess of that 
gaa but slowij. « 

Ahwrp.vm by Saddma Sohtlwne, — Seteebenow (Deui. Chem, Gee. Her. vi. 1461) i;HS 
made obee^atian^on tiie absorption of carlion dioxide by solutions of alum, 
K*Al^80«y 4*24|W* magnesium sulphate, MgSO*+7H*0, and zinc sulphate, 
/n80* + 7H*0, ftSm Fhich he deduces the following simple laws: TheeohUumeof 
there ealte are absofpHtmetricaUy egtdvaient, when they contain equal peremtagee of 
cryeiaUivatioa-watiT, Hcncc in tfolutiuns* containing equal quantities of salt, the 
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magnMiiiiii salfhinders the absorption of carbon dioxid^/to the greatest extent^ then 
the zinc salt, and lastly the alumin'^iim salt The law may ^so be expressed as 
follows : In scUte of similar structure and equal amount of erystallisation-waler, the 
chemioal equivalents are likewise the absorptiometrie equivalents. 

Absorption by Sodium Salts. — These salts, with remrd to their capacity of absorb- 
ing carbon dioxide, ma^ be dirided into two gronpsfriz. : (1). Those which do not 
combine with carbon dioxide, such as common salt. A solntion of these abebrbs the 
^as according to Dalton’s law, and the more concentrated the solution, the less gas 
IB dissolved. (2). Salts which combine chemically, such as the carbonate, phosphate, 
borate, and neutral citrate. With these, the more concentrated the solution, the 
more carbon dioxide is absorbed, but the quantity does not increase proportioiially to 
the pressure. The neutial oxalate stands between the two groups, inasmuch as the 
quantity of gas which it absorbs^ does not depend on the concentration of the solntion 
(Sotschenow, ibid. viii. 694). * 

1 mol. disodic phosphate, Na*HPO\ in dilute solution, absorbs 2 mols. CO® ; at 
the same time a chemical action takes place, resulting in the formation of KaH®PO* 
and NaHCO* (Setschenow, Chem. Centr. 1876, 97). 

According to Hereford {Chem. Centr. 1873, 370), when sodium phosphate and 
ferrous phosphate are placed together in an atmosphere of carbon dioxide, this compound 
is reduced, either in light or in darkness, to monoxide. < 

OARSOSr OXTSirXiPBlBli, cos. This compound is formed, together with 
others, when a mixture of the vapours of carbon disulphide and alcohol is passed over 
rod-hot copper (p. 407). 

Reactiofi with Ammonia. — When carbon oxysulphide is passed into strong nqneoiis 
ammonia, it is largely absorbed, the solution acquiring a faint yellow colour. On 
evaporating the still strongly alkaline liquid in glass basins, ammonium carbonate 
and hydrogen sulphide escape and urea is loft in crystals. 

This formation of urea, dec., is preceded by that of ammonium oxythiocarbamate : 
for when carbon oxysulphide* is passed into aqueous ammonia cooled to 0®, the solu- 
tion gives at first no precipitate with baryta- water, and no coloration with lead paper ; 
but after a time both these reactions occur. Hpnee it appears that 1 mol. of carbon 
oxysulphide unites with 2 mols. of ammonia, as shown by the equation : 

cos + pH* - 

and that the ammonium oxythiocarbamate thus formed breaks up in the following 
ways : — 


, -I- H®0 « CO= + 2NH» -I- H^S. 


COC^NH 






The former of these decomposite 5iis takes place almost exclusively when ammonia 
siiturated with carbon oxysulplKde in the cold is at once agitated with hydrate or 
carbonate of lead, so that, on evaporating the filtrate, a considerable quantity of urea 
is left behind (^nst Schmidt, Ch^. Ges. Ber. x. 191). 

OABBOB smUPBXBBS. — 1. MoBosnlplildef CS. This compound, dis- 
covered by Sidot {Compt. rend. Ixxxi. 32), fs formed as a brown precipitate when the 
disulphide is exposed to sunshine : it may be puriBod by distilling off the undecom- 
posed disulphide, washing the residual mixture of sulphur and monosulphide wi^ 
pure carbon disulphide till the free sulphdr is removed, and then diying it at 160^ in 
a current of hydrogen gas (Sidot). It may al&o be prepued by leaving the crude 
disulphide in contact with a few pieces of pure iron wire in a test-tube for a^ut six 
weeks, by which time the whole of the disulphide will have disappeared, being con- 
verted into a reddiab-brown solid substance, consisting of a mixture of iron disulphide 
and carbon monosulphide, formed accoiding to the equation 2CS* + Fa«FeS* + 2CS. 
By treating this substance with hydrochloric acid, which dissolves the sulphide, 
the carbon monosulphide may be obtained pure. ’ 

Carbon monosulphide is a maroon -red powder, having neither smell nor flBta. ^ 
gr. - 1 * 65 . It is insoluble in water, alcohol, turpentine-oil, and 
soluble in carbon disulphide and in ether at the boiling poiijW^fff.tbe^ 

Boiling nitric acid dissolves it. When the mopqupl^de nftric 

acid come in contact., the sulphide is immediately ighited, 

acids do uot attack the monosulphide. GoncentrateAboilink a^^HpEiBOlYes it; it is 
repredpitated fimm this solution by acidifying. Towuid^9||HM momystdpbide 
splits up into its elements, a HtUe disnlphide being also heating it with 

excess of sulphur it is converted into the CUsulphide. 
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A Tad aubrtaiicea parhapa oonnstiog of carbon monoanlphide, haa bM^n obaerrad hj 
L. Thomaon (Ciem, JKe»§, ziAv. 84). hi the ammoniacal ^qnor of gaa^irorba. 

ptavlpliiae or Blanlpiudai CS*. Puri/Seafion , — ^Wbon carbon diaulphido. 
purified by djstillmg it ofiT palfii oil (which ia recommended aa the moat conrenieiit 
means of purification on the large seme)* ia agitated with red f^ins nitric acid» it 
takes np the Tapour of nitrogen tetroaide, both liquids aoquirinff the same colour. 
The dimphide, when aeparated and filtered* fumes in moist air and remains unaltered 
for weeks. ^ On adding cold water to a mixture of disulphide and fhminff nitric acid, 
the d^nlphide aasumM a rose-red to riolet colour, and when washed with water turns 
milky, but after filtering it forms a clear violet liquid, more highly refractive than the 
ordinaiy diaulphide. When this liquid is earefiuly distilled tetween 80^ and 60^, 
carbon disulphide goes over, leaving the colouring matter behind. The distillate, 
after washing with water and re distillation, is chemically pure. The colouring 
matter, which^ has as yet been obtained in very smaK i^uantiry only, is solid, brown, 
acid, sStd easily dooomposiblo. The violet coloration is produced equally in carbon 
disulphide which has b^n previously purificnl by fuming nitric acid, on again treating 
it with that arid and water. It is not produced by washing with water the brown 
TOlution of nitrogen tetroxide acid in the disulphide, or by pessing nitrous anhydride 
into the disulphide, the liquid in the latter ease acquiring the well-known bluisli^green 
colour qf nitrous anhydride (Friedburg, DetU. Chem. Qt». Her, viii. 1616). 

According to Marquart(«8id. ix. 127), the violet coloration olwerved oy Friedbuig 
is due to iodine, which is almost always present in commercial nitric acid. 

Solidificatum . — Drying oils, such as boiled linseed oil, when treated with a small 
quantity (10 percent.) of sulphur chloride, solidify to a transparent elastic substance 
containing sulphur; and if carbon disulphide be added at the moment of solidification, 
a gelatinous mass is formed containing 10 per cent, of disulphide. The jelly thus 
formed does not melt at 100^, is difficult to ignite, and gradually gives off the carbon 
disulfide on standing. The vapour-tension of this compound is 21 B mm. at 10^, 
and tne mercuzy falls slowly ; with pure carbon disulphide the mercury falls at once 
to 282 mm. (Merrier, CoTnpt. rend. Ixxxiv. 916). 

Ueactiona. — 1. When nitrogen monoxide is passed over pumiee-stct&e moistened 
with carbon disulphide, a gaseous mi:;ture is produced, which bums with a flame very 
rich in chemical rays. If burned in a lamp having a Bunsen burner, and so eonstrucled 
as to prevent explosion, it produces a flame superior in actinic power to that of 
magnesium (Delachanal a. Mermet, Compt. rend. Ixxix. 1078). 

2* When a mixture of the vapours of carbon disulphide and alcohol is gradually 
passed over red-hot copper, a gaseous mixture Is produced, consisting of carbon oxy- 
sulphtdo, methane, ethane, acetylene, and aldofiydo, while the copper is converted 
into sulphide. All the Tolatile produefs, except carbon oxysulphide and acetylene, 
are obtained vehen alcohol -vapour aiune is passed through a rod-hot tube. The forma 
tion of carbon oxysulphide may 1>e represented by the equation : 

CS» + C'IDO + Cu « CO^ -h Ou8 + OTI*, 
the ethane 0*H* being further resolved into ClI*, flee. (Camolloy, Ohem. Soe, J. 
1878, 823). 

3. With Ammonia and Aniline . — Aecordiitg to Hlaeiwets {Chem. 1872, 632) 

carbon disulphide forms with ammonia (in presence of a third l>ody, which is itself un* 
changed) a cjystaUine colourless solid (Ay, having the composition thus 

4NH» + 2CS* • -i- H»3, 

and yielding, with weak oxi^sing agents, a solid crystalline body (B), having the 
composition C*U*N*S\ insoluble in cold wat^ji. but decomposed by boiling water into 
carbon sulphide, ammonium thiocyanate, and free sulphur : 

2C*H*»N«* + FoKJl* - CTJ*N*S« + 2NH*CN« + 2NHK;1 + F©*CF. 

Aniline yields, by the action of carl>oo sulphide, the oorreeponding salt (C), which 
has the composition C**H'*N*8*, and is decomposed by boiling with water according 
to the equation : 

* = CS* + 2NII* + 
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DeUetion of (farbon Disulphide in Mmtard-oil, — The methcMl consists in distilling 
off the carbon sulphide and^ treating it with alcoholic^ potash and cupric sulphate, 
whereby cuprous xanthate is produced. A ^ small flask is fltted with a cork, through 
which passes a small test-tube, and also a piece of narrew glass tubing similar in shape 
to the blowing-tube of a wash-bottle. The test-tube is also fitted with a cork, through 
which passes a glass tube, bent downwards and drawn^ut at its lower end to a point; 
this end passes through a cork into another test-tube. Water is placed in the flask, 
and the oil to be tested in the small test-tube. At the temperature of boiling water 
any carbon disulphide distils over into the receiver, to which a drop of water has 
been previously added. On absorbing this water by means of blotting paper, adding 
^-1 c.c. of a solution of caustic potash in absolute alcohol, acidulating after a short 
time with a drop of acetic acid, and adding a drop of copper snlphate solution, a 
lemon-coloured precipitate (cuprous xanthate) is produced. If the quantitjr of carbon 
disulphide is very small, only a ,few oily drops form in the tube connecting the two 
pieces of the apparatus. Those must be washed into the receiving tube with saustic 
potash in alcohol, and the solution tested as above (E. Ijuck, ZHtschr. anal, Chem, 
xi. 410). 

Eatimation of Carbon Disulphide in Commercial Alkaline Thiocarbonaies, — The 
following method is founded on the decomposition of lead thiocarbonate by boiling 
with water into lead sulphide and carbon disulphide, and the extreme solubility of 
the latter in olive-oil : 10 grams of the alkaline thiocarbonate are placed in a 500 
c.c. flask with about 150 c.c. of water, and about 150 c.c. of a 10 per cent, solution of 
lead acetate are added gradually whilst the contents of the flask are kept agitated ; to., 
the precipitate, 10 c.c. of acetic acid of 8 degrees are then added. The flask is closed 
with a cork pierced with two holes, through one of which passes a safety-funnel, and 
through the other a delivery-tube leading te a washing-flask containing sulphuric 
acid, which is connected, by india-rubber tubing, with a second about three-quarters 
filled with olive-oil. This latter is carefully weighed. The contents of the large 
flask are then heated to boiling, the temperature of the sulphuric acid in the washing 
flask being also raised to about 120^. After about ton minutes* boiling, the flask is 
detached, an aspirator being connoctod.with the washing-flask containing the oliye- 
oil, and air is drawn slowly through for a few seconds, during which time the glass 
* tube of the oil-flask is carefully warmed, and any drops of carbon disulphide that may 
have condensed therein, tiltea into the body of the flask, which is then weighoa. 
The error is never greater than 0*5 pin* eent.^ when the experiment is carefully con- 
ducted. Scientific accuracy may be attained by completely absorbing the vapour of 
the water, and collecting the carbon disulphide in alcoholic potash (Delachanal a. 
Mermot, Compt. rend. Ixxxi. 92), 

Another method is founded on the decomposition of alkaline thiociirbonates 
by arsonious acid. When this acid is added tow potassium or sodium thiocarbonate 
in aqueous solution and the mixture heated, carbon disulphide is volatilised. If this 
bo condensed and conducted into a graduated receiver, the weight of carbon sulphide 
in the thiocarbonate used may bo <itainod by multiplying the volume found by its 
density (David a. Hommier, ibid, B&6). 

A third method, depending on the instiibility of zinc thiocarbonate, has been pro- 
posed by Eiuot a. l^rtrand (Ann. Chim, &ps. [5], ix. 142). Ten grams of the alkaline 
thiocarbonate, together with 25-30 c.c. or water and 10 c.c. of a strong solution of zinc 
sulphate, are introduced into a flask of About 100 c.c. capacity, fltted up like 
a carbonic acid apparatus. On mixing the contents of the flosl^ a yellow 
precipitate of zinc tniocarbonato is produced, whicli decomposes slowly in the cold, 
but very rapidly at a temperature of *60® or 60®, according to the equation 
ZuS.es* ZnS + CS® ; consequently the loss in wiiglit corresponds with the amount 
of carbon disulphide contained in 10 grams of the allurline thiocarbonate. 

The thiocarminates of copper and mercury under^ a similar decomposition. 

Carbon disulphide in the free stat^ as it exists in coal-gas, for example, may be 
estimated by converting it into potassium xanthate, this salt being then titrated with 
a normal solution of cupric sulphate at one-fiflieth, containing, therefore, 0*0012672 
grm. of copper in a cubic centimeter, which is ^uivalent to 0*006404 grm. potassium 
xanthate, and to 0*00304 OS*. The* normal liquid may also be employed At one- 
twentieUi; 1 c.c. » 0*003168 grm. Cu. To obtain this liquid, 3*108 grins, of cupric 
sulphate aih dissolved in water, the solution is treated with Kochelleaalt and sodium 
carinate, till the precipitate is redissolved and then diluted to 1 litre. The prMence 
of ammonia and caustic alkalis must be avoided. As pot^sium contains an 

excess of caustic alkali, this excess must be neutralised with eroa Ullii jw tartar, or better 
with sodium bicatbouatc (Greto, Chem, Centr^ ix. 921 ; Chem. AV^nSf^exxvi. 156). 
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CAKBOflrA.Tas. The carbonate# of the alkali-metaU nay be pre|>a^ 
from the corres^ndiiig eulpl^itea by diesolringr the eu^hatee in wato containing 
carbonic acid ; adding to the solution a quantity of barium carbonate equal in weight 
to about 14 times the sulpbate» and nibl^ up with water to a thick pulp ; t^tating 
the mixture briskly for some time ; and finally heating it to the boiling point : the 
filtrate will then contain nothing but alkaline carl>onate ( J. Lawrence Smith, ^mmean 
Chenust, 1873, iii. 241). 

Pure sodium carbonate may be prepared by dissolving 63 grams of commeivial 
mmlic acid in 200 c.c. of warm water, and adding the solution to 200 c.c. uf a cold 
solution of 143 grams of ordinary 'soda crystals.* The soilinm oxalate soon eiystaUises 
out and is converted into the carbonate by ignition. 

To prepare potassium carbonate containing no impurity but a trace of nitrate, 
1 pt. 01 pure nitre and 2 pts. of oxalic arid are mixed in a crucible, and a little water 
is added. Evaporation is then carried nearly to dryness, water is again added, and 
the evaporation repeated. The crucible is then hekted to redness (J. L. Smith, 
Chem. iVnos, xxx. 234). 

The formation of sodium bicarbonate from scxlium chloride and ammonium 
carbonate may be demonstrated by introthicing a lump of the latter salt info u cold 
saturated solution of pure sodium chloride. As thu ammonium salt dissolres, the 
bottom of the vessel l^*omos cfivenMl with a fine white powder, which dis! 4 q>enrs 
completriy on warming or dilution. Th<* same reaction takes place on mixing the 
concentrated solutions of sodium chloride and ammonium bicarbonate (A. Vogel, 
N. R^p, Pharm. xxiii. 3), 

SoluhUUy aitd DiMOciatitm of the Acid Carhonaisc of Pota»$ium^ Sodium^ and 
Ammonium, — The loss of carbonic acid when solutions of these salts are exposed to 
the air has long been noticefl. A portion of the salt appears to ho decomposed in the 
solution, and as the carbonic acid passes ofiT, fresh quantities of the salt are succes- 
sively decomposed, until the whole is transformed into the neutral carbonate. In a 
closed vessel the carbonic acid first set free tends by its presence to hinder the further 
evolution of the gas, and the clccomiMwition is arrested with a degree of comploteness. 
dependent on the pressure. On the other hand if the laver of gas above the surfiice 
of the liquid bo constantly removed, either by keeping the vessel in a vacuum, or by 
passing a stream tif air through (he solution, the salt will l»e morrt rapidly converted 
into neutral carlHuiate. Hence crystals of the acid carhonati»s of potassium and sodium 
should be driwl o%"er sulphuric acid in an atmosphere of carbonic acid gas ; otherwise 
they become covered with a layer of neutral carbonate (Dibbifs, J, pr. Chem, [3], x. 
417). 

As in the determinations hitherto made of the solubilities of the potassium and 
sodium acid carbonates, tlie loss of Cflrl>onic acid from the crystals and from the 
solutions has not been taken into account, Dibbils has undertaken those dote rroi nations 
afresh with samples of the pure wilts, operating in vessels securely corked, in which 
the doeomptjsition of the salt in solution is arrest e<l by the pressure of the enrbonio 
acid ga.«i. He has also determiiietl the percciiiaj^' of carbonic acid sot free at various 
temperatures, and the solubility of citimouium nf ’<1 carbonate, which decomposers 
with much greater rca<lin€?sH than the other two, the pressure of the carbonic acid 
extricated from a saturated solution at 30° being so great that determinations of the 
solubilities at higher temperatures could nol*t>o made, while in the Ckse of the other 
two salts the determinations were carrie<i»it<» GO*’. The tensions of the gas liberated 
from saturatod solutions of the three salts at 15°, roughlv measured in millimeters of 
mercury above the atmospheric pressure, w<-re, for tme sorlium, potassium, uud 
ammonium acid carbonates, IfO, 461, and 720 respectively. The ammonium salt wris 
prepared 1 ^ placing the crystals, ^ftei; pressure in bibulous paper, in an exsiccator 
lilleil with air, over sulphuric arid and caustic soda. After some days all the wafer, 
free ammonia, and carbonic acidwera completely absorbed, and the pure salt remairitxl 
behind. 

The following table, calculated from determinations of the solubility of the three acid 
salta in water, exhibits the solubility of tbe potassium and sodium salts for 
degrees of temperature from to 60°, and of tlie ammonium salt from 0° to 30° : — 

Soluhdiiy 1 00 PofU of JVatcr, 


Temp. 

KHCO* 

NsHOO* 


0° 

22‘45 

6*9 

11'9 

6 

25*0 

7*46 

13*7 

-I# 

27*7 

81 5 

15*86 

IS 

30'4 

8'86 

18‘3 

20 

332 

9*6 

21 0 
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SohihUU^ in ^arU of Waier-^tontmvL&d, 


Temp. 

KHCO». 

NaHCO*. 

(NH*)HCO". 

26 

36*1 

10-36* 

23*9 

30 

39*0 

11*1 

27*0 

36 

42*06 

11*9 . 

40 

46*25 

12-7 


46 

48*6 

13*66 


60 

62*16 

14*46 


66 

66*9 

16*4 


60 

60-0 

16*4 



On the Absorption i of Acid Carbonates from Natural Waters by Plants, see 
Barth^lemy (Compt. rend, xzzti. 648 ; Chem, 8oc. Jour, 1876, ii. 113). 

Action of Silica and analogoue Oxides on Sodium Carbonate, — When silieic acid 
and sodium carbonate are heated together in a platinum crucible, the loss of carbonic 
acid is found to tend to a certain limit, different for difierent temperatures. The 
rate at which the loss increases with the time may be expressed by the equation — 


where ^==loss of carbonic acid, x^time. 

The variation of the result with the temperature may be explained on the assump- 
tion that at the commencement of the reaction an acid silicate is formed, which 
decomposes again into neutral silicate and silicic acid, the latter of which acts upon 
more sodium carbonate, until a state of equilibrium is attained between the neutral 
and acid silicates and the silicic acid. This equilibrium is of course dependent upon 
the temperature. A similar explanation applies probably to the action of the 
bihasic compounds, titanic acid and zirconia, upon sodium carbonate. Alumina 
and ferric oxide, on the ot^er hand, and boric acid behave as monobasic acids ; 
when molted with sodium carbonate they form, immediately or in a few minutes, the 
compounds AP0*.Na®0, Fe®0*,Na*0, and B*0*.3Na*0, and the result is not modified 
by elevation of temperature (Mallard, Compt, rchd, Ixxv. 472). 

On the Action of Aluminium ,on Sodium Carbonate at High Temperatures, see 
p. 65 of this volume. 

On ike Analysis of Carbonates by means of the Carbometer, see Pruen a. Jones 
{Chem. Soc, Jour. 1877, ii. 38). 

Action of Alkaline Carbonates on Earthy Oxalates, and of Alkaline Oxalates on 
Earthy Carbonates, — A solution of ammonium oxalate brought in contact with chalk 
or powdered marble, is almost instantly attacked/ even in the cold ; on applying heat, 
an odour of ammonia at once becom'>8 perceptible, and on boiling it becomes strong. 
To measure the extent of this reaction, and compare it with the converse action of 
soluble carbonates on earthy oxalaM), the following experiments have been made by 
Watson Smith {Chem. Soc, Jbur.\S77j ii- 246). 

Sodium oxalate in solution on Calcium carbonate : if the reaction were complete, 
6*3 grms. of sodium carbonate would haye been formed; in the cold 1*06 grm. were 
obtained, » 19*83 percent.; boiling for three hours produced 1*2136 grm., or 22*90 
per cent. Sodium carbonate solutioit on CalSium oxalate : in the cold, 16*07 per cent. ; 
^ilcd for thirty minutes, 62*34 per cent. Sodium oxalate in excess on powdered 
marble', in the cold, 20'07 per cent.; boiling, 26*00^ ^er cent. Sodium coAxmate in 
excess on Calcium oxalate : cold, 13*09 per !Sent. ; boiling, 78*36 ^er cent. By treating 
the same portion of calcium carbonate with successive quautities of sodium oxalate 
46*87 per cent, of sodium carbonate were obtained, the action gradually ceasing. By 
treating the same quantity of calcium oxalate with successive portions of sodium 
carbonate 93*83 per cent, was decomposed. Sodium oxalate on Strontium carbonate : 
cold, 7*63 per cent. ; hot, 7*63 per cent. Sodium carbonate on Strontium oxalate : 
cold, 67*24 per cent. ; hot, 79*06 per cent. Sodium oxalate on Barium carbonate ; cold, 
4*84 per cent. ; hot, 4*97 per cent. Sodium carbonate on Barium oxalate : cold, 73*20 
per cent. ; hot, 87*96 per cent. AmAkanium oxalate on Calcium carbonate i cold, 12*27 
per cent. ; with excess of oxalate, 13*53 per cent. ; with excess of carbonate, 10*94 per 
cent. Sodium oxalate on Lead carbonate', cold, 6*36 per cent. ; hot, 13*08 per cent. 
Sodium carbomate on load oxalate : cold, 81*64 per cent. ; boiling, 90*61 per cent. 

BecomposUion of Insoluble Carbonates by Hydrogen Sulphide, — When barium 
carbonate suspended in water at 10^ is treated with a slow current of hydrogen 
sulphide, it is gradually converted into barium sulphide, the conversion being partial 
or complete according to the proportion of watior present. Thus, of 100 parts of the 
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carbonate Btiapended in 10 timaf ita weight of water, 16*S paita were- eoiiTertad into 
sidjphide in fi^e hours ; of th# ftune quantitj ofscarbon^ enspended in 60 times its 
weight of water, 61*2 pirts were conrerted into snlphide in six hours ; whilst carbonate 
suspended in 100 times its weight of water was completely oonrerted into sulphide in 
thirty hours. The solution of barium sulphide formed was colourless at first, but 
tumm yellow iu the air. • 

Magnesium, sine, and lithium carbonates behaTed in the same manner as barium 
carbonate (Naudin a. De Montholon, CompL rmd. Izxziii. 68). 

Jkmmoalo-etlwer Oarboaate, AgK10*.4NH*. This salt is obtained as a grey 
precipitote oo adding absolute alohol to a solution of silrer carlxmato in aqueous 
ammonia of sp. gr. 0*030. It becomes darker when dried, is blackened and ultimately 
dissolved by ammonia, and deposited in regular cirstals when the ammoniacal solution 
is dried oyer calcium chloride. The dry salt bemns to nve off ammonia at BO**, but 
the evoiation ceases at 100^, and at 160^^170*^, the residue becomes a uniform black 
mass which decomposes completely at 305^, leaving metallic silver (S. Kern, Chrm, 
Aetew, xxxi. 231). 

Omloiiiiii Carbonate. The action of stdphwr on this salt has been studied by 
Follacci {Gtujer.chim. ital. 1874, pp. 177» 426, 469). The formation of calcium sulphate 
in soils containing the carbonate and sulphur was explained by Bumas, on the supposi* 
lion that the sulphur in contact with the organic matter of the soil produces hydxogen 
sulphide, which is subsequently oxidised to sulphuric acid. Pollaccj, however, finds 
that sulphur can convert sulphates into carbonates without the intervention of organic 
matter, and without previous formation of hydrogen sulphide. Perfectly pure pre« 
etpitat^ calcium carlmnate and fiowers of sulphur freed from sulphuric acid wore 
made into a thin paste with w'ater, and placed in sunshine, the temperature being 
about 40^, for four hours. The dried mass was then found to bo rich in sulphatiC. 
Another experiment showed that sunlight is not necessary to the reaction. The 
presence of such organic matter as humus, or of horse^lung, hastens it Pollacci considers 
that the greater part of the calcium sulphates of soil has. been formed by this reaction, 
and that when the formation of hydrogen sulphide has betm one stage in the produce 
tion of the sulphate {e.g.t from oiganie matter which has decay o<l, or from volcanic 
sources), the acid U first decomposed fnto water and free sulphur. He points out thiit 
sulphate is an invariable constituent of tlie soil jn the districts whence sulphur is 
obtained, and that the rock which is nearly always closely associated with the sulphur 
{briaeeUe or madre dello Botfo) is a calcium suiphat<». Moreover, analyses by different 
chemists of an Italian, a French, and a Gerinau soil, each containing free sulphur, 
agree in this, that the soils contained abundance of sulphate, but no carbonate. All 
the alkali ne*CHrtby carbonates behave like calcium carlionates with sulphur and water, 
though with different degrees of intensity. Barium, strontium, and magnesium are 
also found associated with sulphur as sulphates, but not as carbonates. 

According to Brugnatelli a. Pelloggio {^Qate, 1874, 686) the oxidation of the 
sulphur under the circumstances above describ*^, takes place at the expense of the 
oX3rg«n of the water and not, as supposed by Pollacci, ^TOUffh the agency of atmospheric 
oxygen, and the formation of sulphuric acid is preceded by that of pentathionic and 
tetrathionic acids. See also Bellucci 1874, p. 179). 

Oi* the action of Calcium Carbonate on Calcium PhoaphaU and ^potphoophatce^ 
see Jaffre {Monit. admU [8], iv. 1066). ' 

A gelatinous hydrate of calcium carbonate is formed by the action of car- 
bonic acid on lime and water ^Bondonneau, Bull. Sno. Chim. [2], xxin. 100). 

Ooppwr OaiHvwMtaa (F. Wcibel, Jakrimehf Mineralogie, 1B78> 246). Nearly 
all the puMished analyses of asurite indicate a difference between the actual eompo 
sitton of the mineral and that which it should have in BGcordanee with the formula— 
CuHPO* + H*0, or 3Cu0.2CX)* + H*0, viz., 69*2 per cent. CuO, 26*6 CO’, and 6-2 H*0, 
the carbonic anhydride found being lees than the calculated amount by O'l to 1*66 per 
cent., and the water in excess of calculated quantity by 0*24 to 1*28 per cent. A 
spedmen of massive-crjvtalline azurite from Siberii^ frM as completely as possible 
from gangue and admixed malachite, carefully^dried over sulphuric acid at 100^, 
gave by analysis, alter deduction of 4*06 per cent, ineoluble admixtures (ferric oxide, 
silica, &C.), 69*66 per cent. CuO, 24*26 CO’, and 6*08 water. This result, like that of 
all previous analyses, indicates a composiUon intermediate between that of asnrite and 
that of malachite, 20uO.CO*+ H*0 (71'9 per cent. CuO, 19*0 CO*, 8*2 H*0), and leads 
to the sappoaiUoii that azurite may be formed from malachite by abstraction of water 
and addition of earbonie anhydride, a supposition fhrther snggssted by the fact that 
azurite and malachite almost invariably occur together* 

'Hiat azurite may actually be formed fiqfrat malachite in thie manner is zhowa by 
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the following eaperiment. Small pieces of marble wge introduced, together with a 
moderately strong solutiom qf cupric rmlphate, into a %fbe of Bohemian glass, which 
waa then sealed and heated to 150°--190° for about 24 hours. On removing the tube 
from the air-bath, the liquid was found to be completely decolorised, and the lumps 
of marble were covert with a crust of malachite of a fine green colour. This, inde^, 
is a well-known result. But farther, on setting the tube aside, still closed, and at the 
temperature of the air, small crystals of gypsum began to separate after a^ttta week, 
their quantity continually increasing for several weeks more, while at the same time 
the liquid almost entirely disappeared, and the green crust of malachite on the marble 
became dotted with small dark blue nodules, which gradually increased till they 
formed in some parts a compact coatli^. On opening the tube after about three- 
quarters of a year, no tension was found inside. The dark blue substance was easily 
recognised as a copper 'carbonate, but no quantitative analysis was made of it, on 
account of the difficulty of obtaining it in sufficient quantity free from the malachite 
to which it adhered ; but the dark blue colour and the crystalline character* of the 
nodules * afford sufficient proof that they consist of azurite. 

The mode of action in this experiment is easily understood. The mutual action 
of the calcium carbonate and copper sulphate at a high temperature produces copper 
carbonate (malachite), calcium sulphate, and carbonic anhydride. The calcium 
sulphate is at first held in solution, not as gypsum but as anhydrite ; otherwise it 
would crystallise out as gypsum, either during the heating of the tube, or at a^l events 
during cooling, especially as its quantity is somewhat considerable ; since, however, 
the actual separation of the gypsum is very gradual, we must suppose that it is slowly 
formed after cooling by combination of the anhydrite with water. 

The first stage of the process above described may accordingly bo represented by 
the equation : 

20uS0« + 20aC0» + H'^O - Cu^CO^H^O + 2CaSO< CO®. 

Malachito Anhydrite. 

As soon as the tube cools, the anhydrite begins to be transformed into gypsum by 
assumption of water, which it ultimately takes from the malachito, this latter com- 
pound at the same time absorbing carbonic anhydride which is present in a state of 
high tension, the final result being the conversiqn of the malachite into azurite — 

3(Cu®C0MI®0) + 00® - H®0 « 2(Cu*C®0» + H*0). 

Malachite. * Aasttrite. 

This mode of formation of azufrite may be thus expressed : Azurite is formed 
from malachite at ordinary temperatures by addition of carbonic anhydride and 
ahstraciion of water t in presence of carbonic anhydr ide of high tension and a dehydra* 
ting agent. 

The assumption that native azurite is formed in this manner appears at first sight 
somewhat in discordance with tho fact that pseudomorphs of malachite after azurite 
are of frequent occurrence, whereas psoudomorphs of azurite after malachite are never 
found. But the formation of malnchcte from azurite by assumption of water and loss 
of carbonic acid — whicli undoubt<^ilff* takes place — by no means precludes the possible 
formation of azurite from malachite under different external conditions ; and on the 
other hand the non-occurrenco of pseudomorphs of azurite after malachite is suffi- 
ciently accounted for by the rarity of crystals of tho latter mineral. 

&ead Carbonate. This salt has been^ormed in the crystallised state on the 
bases of some bronze objects, discovered at Pompeii, wdiich liad boon loaded with 
leiid. In some ‘ of those tho carbonate appears simply as an amorphous mass ; in 
others tho amorphous mass is accompanied by carbonffui in a translucent and com- 
pact state, with incipient traces of crystallisation ; and in one case tho carlionato 
occurs in brilliant and well defined crystals, which iqust have been formed within a 
known interval of time (S. de Luca, Cotnpt. rend. Ixxxiv. 1467). 

Load carbonate is soluble in netUral ammonium butyrate^ a solution of 100 grams 
of that salt at 10*®, taking up 1*038 grams of lead carbonate in six minutes, and 
1*636 grams in four days. The solution is limpid and colourless, and might afford a 
means of obtaining le^id carbonate in crystals (Bertrand, J. Pharm. Chim, [4], 
xxxiii. 346). 

MCagneelum Carbonate. According to E. Fleischer {J, pr, Chem. [2], vi. 273), 
this salt is* partially decomposed by calcium sulphate solution, especially in presence 

• A timllar rerott was obtained some years a#fo by IX'bray {Jahrt^>er. /. ChemU, 1859, ‘iU). who 
enolosed lumM of chalk, toi^cther with solid cnpric nitrate and water, in a sealed tube, and found 
that, on leaving the tutio to iteelf at the onJiiiary tein|K»mturo, the chalk became covered with a 
fnreen entat of basic cupric nitrntc, on which blue cryi^tulline nodutcM of aaurite mwduHllj formed. 
The rarbonlc anhydride in the tiil»c evoivcti by tlie dccomix»sitlt>ii of tho chalk oxliihltcd a pnewiire 
uX three to foui' ntiuusplicrcs. 



413 


OAJftUONYIiS— C ARN AUB A. 

of oommon salt, into calcium carbonate and magnesium sulphate. When equivalent 
quantities of g^mYrni (6*0 gnwv of CiSOMI*0) and magnesia alha (M grams) were 
iiigested for an hour with common salt (1 : XM) c.c.)vin a water-bath at 80^, the 
wiiier being renewed as it evaporated, about 30 per cent, of the gypsum was converted 
into calcium carbonate, and Id per cent, diasorved in Uie solution of common salt. 
When the same quantities of magnesium carbonate and gypsum were treated with a 
1 : 12 solution of common salt,* 28 per cent, gypsum was decomposed and only 10 
per cent, dissolved. If to the solution of common salt, magnesium sulphate (10*230 
grams) be added (whereby sodium sulphate and magnesium chloride are form^, the 
decomposition of the gypsum, though not completely arrested, is greatly relaided. 
An increase of the proportion of common salt to gypsum does not produce more &vour- 
able results. When a solution of common salt is left to act on magnesium earl^nate 
and gypsum at ordinary temperatures, only al>out 8*4 per cent, of the gypsum is de- 
composed. 

Magnesium carbonate dissolves in cold solutions of alJ(:aiine borates^ ii precipitated 
therefrom on heating, and disappears again as the solution cools (Wittstein, Arsk* 
Pharm, [3], vi. 40). 


cAmao«T&-»z8inupxBnm>, cAjtxovrir-BZsinwxoDS- 

SPXOFTXif &c. See TuiocanBomo KruKas. 


CA|LBOXmi8. This name is proposed by Berthelot (Chmqft, rvad. laxix. 
1093). for ct rtain compounds which ho regards as aldehydes of a new class, compris- 
ing at present three members, namely, ordinary camphor, C**II**0, aliylene oxide or 
dimethyl cnc-carbonyl, C*H;*0, and di phenyl ene-carbonyl, C**H*0 (diphenylene-ketone). 
Suberoiie, C^1I*^0, probably ^xweesseti a similar constitution. 


These Ivdies are chanurterised by the following general properties : — 

1 . They unite directly with hydrogen, producing alcohols, ftom which the carbonyls 
may be regenerated by oxidation. 

2. They are formed by substituting O for in certain unsaturated hydro- 
carbons. 

3. By union w'ith the element# of water tl^ey furnish monobasic acids, the typical 
reaction being the production of formic acid from carlvonic oxiilo. 

4. The carbonyls can be converted into bibasic aci<ls liy fixation of three atoms of 


oxygen, e.g. 


(.'ftmphor. I'Vunphorin acid. 


These l-Knlies are thus diKliTiguishctl !M>th from primary aldehydes, the oxidation 
of which results in the ion of a single monobasic aciil, and frt>m secondary 

aldehydes, or ketones, w'hich, when oxidised, generally yiidd two distinct acids. 

CAXBOXBZXJLOZXJit On the formation and constitution of this 

compound, see p. 387. 

»!». NH — — — - Q 

OAmso3LAJm»ou»sozc JLcn, co~crH»< 

0^^1 NU >*0 

This acid, which Grlcss obtained by the action of heat on^urnmidol^onxoic acid (2wd 
Suppl. 166), is also profluced by adding fsit.ash or S4jda in excess to .i mixture of 
thiocarbaTni<lobcn2oic acid (p. 269) and mercuric oxide, suspended in boiling water. 
The whole of the sulphur is thereby removed, and the filtrate, largely diluted with 
water, and supersaturatwl w ith hydrochloric acid at the boiling heat, yields an amor- 
phous or micro-acicular precifltato of carb^ainitlobcnzoic acid. 

CAJWOXVFXB»YZ.-TOZiTt.-TXZCHJMm«raiA3rS, C*<H**C1*0> - 

J-IgDl OITt 

a monobasic acid, prr>dacc}d by oxidising d i me thy 1-phony 1- 

trichlorethane, 0*HC1*(C«H*.CH*)*, with chromic acid. It crystallises from alcohol 
in small plates melting at 178’^-174®. Its alkali-salta crystallise well ; the barium, 
calcium, and magnesium salts are flocculent precipitates (O. Fischer, iMu/. Chem, 
Ges, Ber» vii. 1191). ♦ 

CAXMIVZO XCZX. The red colour of this add is destroyed ^ iodine in 
presence of alkalia The reaction is suggested as applicable to the testingTc^camine 
and to the estimation of iodine (A. FrelsiuU, J, Pharm, Chim, [4], xxiif. 338). 

The root of this plant oonUins a small quantity of an alkaldiil 
not yet examined, together with an aend resin, a red oolouring matter, tannin, and a 
volatile oil (E. L. Cleaver, /'Aarw. «/. Trffns. [3], v. 96fi). 
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Cf AXamB» (0’H*N^d*) {2nd 8u^L 269). This base has been found, together 
with xanthine^ guanine, hypoxanthine, sarcine, and., other bodies, in the extract 
obtained by boiling yeast wi^vh wate/ (Schutzenbergei^.'&mj?/. rmd, Ixxyiii. 493). 

OAJtOB. The carob bean, or St. John’s bread/' the fruit of Ceratonia 
contains isobutyric acid, but the portion left behind on distillation with water yields 
normal butyric acid when fermented with chalk and ^heese (2nd 8uppl. 227)> 

OAXUPBlTBp A hydrocarbon, obtained, together with paracresol, by dis- 

tilling the calcium salt of podocarpic acid {q » «.) It resembles the terpenes ; smells 
like turpentine and storax ; boils at 156*^-167^ ; becomes resinised on exposure to the 
air, yielding an oxidised product, ; and when treated with bromine, yields 

bromocarpene, CH'^Br [? C*H“Br] (Oudemans, Deut. Chem, Ges. Ber, vi. 1125). 

CBBVJlCROXip See Phenol, Homolooubs of (2nd Su^L 935). 

CAB*rOPBYXiZiZG ACIB. An acid obtained by treating caryophyllin 

with fuming nitric acid ; whereupon it dissolves with evolution of heat, the mixture 
after a short time solidifying to a pulp of microscopic white needles. '\i^en ptirifiod, 
first by solution in ammonia and reprecipitation by an acid, and then by repeated 
precipitation of its alcoholic solution by water, the caryophyllic acid is obtained in the 
amorphous state. It dissolves in water with difficulty, readily in alcohol, ether, and 
glacial acetic acid, from all of which it separates in the amorphous state. It may, 
however, be ciystallised from fuming nitric acid. *' 

Sodium Caryophyllatet C®®H*®Na*0*. — Caryophyllic acid decomposes sodium car- 
bonate, and on evaporating the solution to d^ness and extracting with alcohol, an 
amorphous sodium-compound of the new acid is obtained. 

SUver Caryophyllate, 0“H“Ag®O®, is obtained as a yellow amorphous powder on 
precipitating a solution of the sodium salt with silver nitrate. 

Ba/rium Caryophyllaie^ C*®H*®BaO®+ 1JH*0, is a yellowish precipitate insoluble in 
alcohol, sparingly soluble in water (Mylius, BeuL Chem. Ges. Ber. vi. 1053). 

OABTOPBYXiZiZWr, C”H**0*. The formula usually assigned to this 

substance (i. 809) should be doubled, masmuch as the temperature at which it sub- 
limes (285°) is much h^er than that at which tcoxnmou camphor distils (204^). The 
double formula likewise agroos better with that of caryopnyllic acid. Ck>ntrary to 
ordinaiy statement, caryophyllin is* completely insoluble in ^kaline liquids (Mylius). 

OJkSOBJUnbXtUr. This 6ubBt!hnce, the bitter principle of cascarilla bark (i. 
809), is said by Tuson {Chem. Soc. J, xvii, 195), to be very similar to ricinine, the 
alkalmd of castor-oil se^s. According to 0. and E. Mylius, however {Deut. Chem. 
Ges. Ber, vi. 1051), this alleged resemblance does not exist, ricinine being a well 
characterised alkaloid, whereas cascarillin is a ^ neutral body having the empirical 
composition G*H®0^. Cascarillin is acted upon *by bromine and by nitric acid, but 
the products have not been olitained in defiinite form. It is not split up by boiling 
with dilute acids, and therefore is jig^Pa glucoside. 

OBBBZJk. The chemical cofidtituents of the bark of Cuseui lignea have been ex- 
amined by P. Trojanowsky (jRvss. Zeitschr. Bharm. 1874, 418); 100 pts. of the dried 
powder of two simples were found to coqjbain ; 


Essential oil . 


. * 



4-45 

1-17 

Resill soluble in ether 





1-30 

0-76 

Resin insoluble in ether . 





16-49 

5.85 

Tannic acid 



• 


2-03 

3*12 

Starch .... 





5-70 

— 

Mucus .... 





5*12 

2*78 

Ash .... 





3-97 

2*06 


CABBXTBltXTSf SnO^. On pseudomorphic ci^stals of cassiterite after ortho- 
dase, from Huel Coates in the parish of St. Agnes, Cornwall, see J. A. Philips 
{Chffm. Soo. J. 1875, 684). 

OABTOB OXX. The products' obtmned by saponifying this oil, and distilling 
the resulting alkaline ridnofeate alone, or with excess of alkali, have been carefhllv 
examined by Nelson {Chem. Soc. J, (21, xii. 507, 837), whose results are in accord- 
ance with those previously obtained by Bouts and by Stadeler (v. 1 10), vis., that 
sodium ricinoleate, when distilled alone, yields a distillate of heptylic aldehyde 
(esnanthol), but that when the same salt is distilled with excess of edkali, it vields a dis- 
tillate of secondary octyl alcohol or methyl-hexyl carbinol and methyl- 
hexyl ketone, and a residue x>f sodium sebate. 
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Thstin ^. — cutor oil iHioii mixed vith 6 to!« olobliol of 90 per eent. givet o 
dear aolotion, whereas if any fiitty oil be present eyen 10-20 times *the yolnme of 
spirit will &il to do so. w • « 

To estimate the amount of dHnixed fat, shako at a temperature of 80^ a portion of 
the oil with twice its yolume of 90 per cent, alcohol. Upon codling, and when at 
rest, it will separate into three lajera, the lowest of which is generwy the fdreign 
oil. This giyea a tolerably acourete determination of the quantity of admixed oil 
(Hager, Chrnn. Cmtr. 1876, 389). 

OATA&TSn. The following mechanical explanation of catalytic phenomena 
is proi)osed by G*. Hu&er (J. pr. Casm. [2], x. 886). Chemical molecules are supposed 
to be rigid compounds, or systems which can be disintegrated, but can neither reyolre, 
nor be moved fri>m their places as a whole. 

If two molecules, each oousisting of two atoms, come so near each other that they 
enter into each other’s spheres of mutual chemical influence, each atom exerta an at* 
tractive force on each of the other three. If the attraction between the atoms of the 
first m<3lecule is greater than the resultant of the attractions which tend to separata 
the atoms, no decomposition takes place. In other cases the molecule is split up, and 
if then the attractive force between the atoms of the second molecule is less than the 
corresponding resultant of the forces acting in opposition to it, it is also broken up ; 
in the other cases, on the contrary, where the attractive force between the atoms of 
the secqnd molecule ts greater than this resultant, the second molecule romains 
intact, and only the first one is decomposed. These suppositions may be extended to 
throe or more molecules, and lead to the conclusion that relative intensities may be 
conceived to exist between attractive forces, which may bring about the decomposition 
of two molecules out of three, which influence each other, and not of the third, or of 
one of two, and not of the other. After decomposition, the single atoms may arrange 
themselves in new chemical combination. 

OATSOKnr. The results of analyses of this substance from difierent soiuroes 
and by difierent chemists are by no means accordant. The following formulm have 
been assigned to it (Is^ Suppl. 416) : 

Hluelwets a. Zwenger Neobsaer Kr%at a. Loews fichntseatMiyer 
Halln van l>elden a. filaok 

C**H**0» C**H**0* C»»H**0* 

According to Gautier (Compt, rend, Ixxxv. 342), the catoebins obtained f^m yellow 
and brriwn catechu (the produce of Acacia Caitchu) contain, when dried at 120®, 
from 62'97 to 6«3*17 per cent, carbon, aud 4*16 to 4*62 hydrogen, and may be ropro- 
sentod by the formuU C**I1"'0*, which riHiuiros 63*31 C. aud 4*62 H. ; but the cate- 
chin from yellow catechu contains, after drying in a vacuum, 8 mols. water of ciys- 
tullisation, which it gives ofi at 120*^, and then molU at 188°-191®, whereas t^t 
from brown catechu gives off 4 mol. H*0 in a vacuum, and then melts at 140^: 
hence Gautier regards them as diflen^nt substances. Catechin from mahogany {hois 
(Tacajou) also dried at 100°, gave 63*29 C. and 4*31 H.; at 186°, 68*10 O. and 4*39 
H., whence Gautier deduces the formula f 2C**H**0* — H*. XAtemr a. 

Gaseneuve {Bull, Sac. Chim, [2], xxiv. 119) found this Unnin, dried at 100®, to oon- 
Uin 59*43 per cent, C. and 6*00 H., whence they deduced the formula 0**H^O* (60*44 
O. and 4*95 H.), differing from Zwenger^s formula by + H*0. Hakogany catechtn 
melts, according to Gautier, at 166®. ^ ^ 

From recent experiments by Etti, however {JAM^e Armalm, clxxxvi. 827)» it 
iq>pears highly probable that the discrepatieies in the results above msfitioned are duo 
to the meroods of drying ado|^d by the several experimenters. Catechin, in fact, 
when heated for some time to 100®, and even when kept over sulphuric acid in a 
vacuum at ordinary tempeiaturos, gives off, not only its water of ezystallisation, but 
an additional quantity, giving rise to an anhvdride, C**H**0**«»20**H**0*— and 
when heated to about 160° it yields a second anhydride, 20**H**0*^2HK) : hence, as 
■II the analyses above quoted were made upon cateebias dried ^ 100° or upwards, it 
is probable that they represent the composition, not of definite snbstanees, but of 
mixtures of catechin with one or more of these anhydrides. 

To prepare pure catechin, Etti proceeds as follows : Catechu is dissolved in eight 
times its weight of boiling water, and the liquid, after being strained throngh a el^, 
is left for some days till the insoluble catechin has snbsldad. The crads qateehin is 
collected in a linen doth, and submitted to the action of a screw-press, then dissolved 
in a sufficient quantity of dilute alcohol, and the filtered eolution is shaken up with 
ether as long as any catechin is therelnr dissolv^ ; and after the ether has him re- 
moved by m^illatton, the residue is taken up with distilled water, and the solution 
is left for a few days, when the catechin ciystallisee out Jn an almost colourless state. 
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After pressure in a cloth it is a^in dissolved in boiling water, when a yellowish* 
white body xcixiains behind, which appear to be quercetin. The deep red liquid 
remaining after the oatech^n has been dissolved out^y ether, contains catechin- 
red. 

The catechin prepared as above was freed from its water of crystallisation by 
leaving it for a few days over sulphuric acid (not in a vacnum), or by drying at SO- 
SO®. It then gave by analysis 00*66 to 60‘97 per cent. caTl3on and 4*83 to 6*10 
hydrogen, agreeing very nearly with the formula previously given by 

Hlasewitz a. Malin, which requires 60*95 O. 4*81 H. and 34*24 O. 

Catechin thus obtained precipitates albumin, but not gelatin. Its aqueous solu- 
tion is not altered by boiling with zinc and sulphuric acid. It does not immediately 
expel CO^ from barium carbonate at boiling heat, but a small quantity of that gas is 
evolved on prolonged boiling, because the catechin is thereby converted into the 
mono-anhydride, which' has the power of decomposing carbonates. 

Catechin fused with potassium hydrate is resolved into protocatechuic acid, phloro* 
glucin and 2 mols. hydrogen : * 

C>*H'»0‘‘ + 2H^ « + 20«H«0» + 2H*. 

This reaction, together with the composition of the anhydrides described below, indi- 
cate that it contains the residues cf a tetrahydrogenisea protocatechuic acid, 

(not yet obtained), and diphlorogludn, iinited in the manner of the phthaleins : 

+ g°g»C*H*(OH)*— CO.OH + 2C*H*(OH)* + 2H‘. 

Catechin, Protocatechuic add. Fhloro- 

glucln. 

Anliydrlden of Catecliiii. These bodies are formed by the combination of 
two molecules of catechin, with elimination of 1, 2, 3, and 4 mols. of water. 

The Mono-anhydride, C*“H**0** » 2C*'*II*®0* — H“0, also called Catechin-red 
and Catcchutannic acidt may bo prepared by drying catechin for several days in a 
vacuum over sulphuric acia, and afterwards heating it in an air-bath to 127® ; it 
then loses about 2*40 per' cent, of its weight, which is tliat required by the 
formuhi above given, and suffers no further loss at 160®. The same compound is 
quickly formed by boiling catechin with a^uo^us sodium carbonate. It is also pro- 
duced, as already observed, in the preparation of catechin from catechu, remains dis- 
solved in the deep-red alcoholic liquid after the catechin has been removed by agita- 
tion with other, and is deposited, oiwevaporating off the alcohol and ether, and leaving 
the liquid to cool, in tbe form of a red precipitate which may be collected on a linen 
filter, washed with water, and pressed. It still, however, retains inorganic matters 
(iron oxide, lime, and magnesia), from which it may be freed bv dissolving it in a 
small quantity of very dilute alcohol, adding pure hyarochloric acid previously diluto<l 
with 2 ptfl. water, leaving the liquid at ordioar/ temperatures for some hours at the 
temperature of the air, with frequent agitation, then diluting it with water, as long as 
a red precipitate is produced. Tljis precipitate is collected on a cloth, strongly 
pressed, and dissolved in alcoh'- The filtered alcoholic solution, on evaporation, 
foaves the catechin-red, which, -^en triturated, forms a shining black-red powder. 

This anhydride, while still moist, is moderately soluble in water, and is precipi- 
tated t herefrom by dilute acids ; it disjiolves very easily in alcohol at all degrees of 
dilution, but is insoluble in ether. When quite freed from moisture it does not dis- 
solve in either of these liquids. When dissolved in water it completely precipitates 
both albumin apd gelatin from their solutions, and must therefore be regarded as a 
tannin : hence it is appropriately named CcUechvtannic acid. It exhibits also the 
characters of an acid and decomposes carbonates. With the alkalis it forms salts 
easily soluble in water ; with baryta and lime, insolublcL salts. 

The Dianhydrido, =» 2C**H*®0" — 2H*0, may be prepared by heat- 

ing the monoanhydride up to 162®, or by boiling it for several hours with dilute 
sulphuric acid. It resembles the monoanhydride in its behaviour to solvents, 
alkalis, carbonates, albumin, and gelatin. It may be heated to 190® without change, 
but at 210® it begins to carbonise. 

The Trianhydride, « 2C‘®H‘®0* — 3H®0, U prepared by boiling 

catechin with dilute sulphuric acid (1 : 24). After a time a reddish-yellow pre- 
cipitate feparates out, wnich, when washed and perrecUy dried, becomes of a mu’k 
reddish-t^wn colour. It is perfectly insoluble in water, alcohol, ether, and caustic 
potash. 

The Tetranhydride, « 2C'*H«0» - 4H*0. also called Cate- 

cAureiin, was discovered in 1863 by Kraut a. van Deldon (Isf Suppl, 416), who 
prepared it by passing hydrogen and hydrochloric acid gas simultaneously 
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iDto a boiling alcoholic solution of catechin. Etti prepares it by acUng for half a 
day on catechin with conecittrated liydrochloric acid in a sealed lube at 160^ to 
180®. It consists of a dark, reddish-brown pomier, ifrhich resomblas the previous 
anhydride in solubility. It msy be heated to 190® without change, 'U'hen a suaU 
quantity was healeii to 190® — 210^' and treated with dry hydrochloric acid gas, traces 
of pyrocatechiu were obtained. ^ 

Action of Foiashon Cotcchin . — When catechin is boiled with a conceutrattd solutioti 
of caustic potash, a body is obtained which diHera from the first anhydride only in 
the amount of its hydroj^n. The decomposition is represented by the equation : 

« C»*H»0** + 11*0 SU, 

This body behaves towards solvents in the same way as catechin mouo-anhydride. 
Its aqueous solution precipitates albumin and gelatin. When fused with potash 
It yields only slight traces of phloroglucin and protoc^itechuic acid. A dtanhydride 
of stufilar character is obtaiiieil by heating this nuiuo-anliydriile to 165®-170®, 
(jwHa«0“ — H*0 « (Etti). 

CB&XiinCiOBS* This substance treated with potaKsium permanganate, or potas- 
sium dichroDuito, and acetic acid, is converted into glucoses dextrin, and ft>rmic acid. 
The profluotion of glucose and formic acid is nq^rosentod by the e<|uali<>n : 

• 2C«ll‘*0^ + 211*0 + 0« - C*U'*0- + 0Cll*O* 

Iron in contact with nir and water acts on cellulose, prcnluciug glucose, and a 
gummy substtince whicli is insoluble in alcohol and is converted into glucose by boil- 
ing with dilute sulphuric acid. The soluble ferment of foxglove uoiiverts cellulose 
into glucose and dextrin (Kosmann, Jfull, St^. Chim, [2], xxvii. 246). 

On the Fjttirtioiion of Celluloas i/i I*la7iiii. See VicoarAiiUE Tissdk. 

On Celtulo^ic Fer-mentaiion, See 1 «'eumkntxtion. 

Cellulose Hydrate, 20*11 ‘"OMl'-'O. — This is a brittle structureless 

Bubbtance forme<l, under c«Tt4iiii cotulitious, by the Lction (»f acids on cellulose*. 
Purified eclluloNe immersed for twoU^u hours in sulphuric aciil of Jl„ does not lost* 
its structurr? till it is pressed, but it then becornes dihiiitcgruU)d. The product, which 
is cellulose hydrate, may bo wusIichI atnl dritsi, but <>>^sily crumbles between the 
fingers. It dissolve.s in dilute ixjtasli, and is eobily oxidined. When kept for several 
days at 60® it tunis yellow, auti then yields to water a celouml subatarice which re- 
duces potasbio-cupric taitrate or bilvcr nitrate. Cellulosu liydrato is also formed 
when eellulo^e is heated to 100 * with very dilute acids ((iiranJ, Cvmpt, rnui. Ixrxi. 
1105). 

CBKBBfX. On the changes which take place in the KcUiug of Portland (*ument, 
see Krdmeuger 2 >ol. J, eexv. 638 j eexvi. 63 ; Cftrm. Soc. ♦/. 1876, i. 124). 

On Basic Calcium O^irbonato in Hydraulic CemuutH ; Schulaf scheiiko (Dinyf. po/. */, 
ccv. 335 : CAcm. Soc, J. 1873, 07). ? 

On tixo Causes which Modify the Setting and on new Cements of 

Plaster and Lime : Landrin (Compt. r^id. Ixxix. 658 ; Cfiem. &fc. J. 1875, 106). 

Un Sc^itt's iSel ini tic Mortar : P. 8chott (/A’/iy/. /W. ,/. ceix. 30; Chem. iSjc. ,7. 1871, 
96). On Portland Cement from Holumi lie Limestone ; Enlrnengcr i^Dirvgl. pol, J, ceix. 
386; Chtm. Soc. •/, 1871, 06). 

On Cement for Caustic lyo Tanks: Vut^L pol, J. ccx. 390 ; Chem, Soc. J, 1874, 
106). Cements for Gas- retorts : Capitaine Ipitipl. pol. J, ccxv, 186; Che^n, Soc. J. 
1875, 130). Cement for Glitg.s and Porcelain: Licaegang {Chem. Centr. 1872, 398; 
Vhem. Soc. J, 1873, 97). 

According to Gobley {J. Pharjn. [ 4 ], xix. 346), Liobroich's pro- 

tagon (iv. 737) is a mixture of lecithin and cerebrin, a view previously proposed by 
Strecker (1«^ Suppl. 779). Cerebrin exists largely in brain-matter, from which it is 
extract^ bv boiling alcohol. It may be fraed from fatty matter bv ether, and from 
lecithin and calcium phosphate by repeated solution in filing al<yihol. It is a solid, 
inodorous, colourless body. It inelu w-hen dry between 156® and 100®, and above the 
latter temperature turns brown and docomposesf giving off aromoniacal vaprmrs and 
leaving a deposit of carbon. It is insoluble in water, either cold or boiling, but boil- 
ing water causes it to swell into a siarch-liko mass. From boiling alcol^l it sepa- 
rates almost entirely on cooling. Ether has but little action u{>on it. It combineH 
with acids, and Ktains traces of them with great stubbornnesn. It combines also 
with metallic oxides, but not in definite proportion. Its composition is: C. 60'86, 
H. 10*82, N. 2*29, O. 20 04. 

Bonrgotn points out that the centesimal cfirafsjsiiirrti of cerebrin agrees with that 

3rrf Sop. E*E 
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of a compound ammonia Tvith two equivalents of a dioxyoleic acid,* or with a com- 
pound of neurine, or some am^-ogous ^ibstanee, with a fsBtty acid similar to palmitic 
acid (cT. PAflTOT, Chim, [4]» xx. 26). 

CSBKna. This mineral has mostly been found in amorphous masses. Crystals 
of cerite having the form of short six-sided prisms arc indeed mentioned by Haidinger, 
but their form was not exactly determined. Becently, however, A. E. Nordenskiold 
has discovered, in the mineral collection of the Mining School at Stockholm, distinct 
crystals of cerite, enclosed, together with small crystals of allanite, in bismuth- 
glance. 

Those crystals, which belong to the rhombic system, form grains resembling 
chondrodite, not larger than peas, and lK>unded by unmerous faces, the most distinct 
of which are ooP, ooPj, -ooPoo , oofoo , f co . Axes a ; A : c = 1 : 0*9988 : 0*8127. 
Analysis showed that they have t)ie composition of cerite containing a small quantity 
of fluorine. They contain a very variable amount of water (3*5 to 9 pef cent.), perhaps 
not originally belonging to them. 

Supposing then cerite to bo anhydrous, it may bo regarded as both stoichiometTi- 
cally and crystallographically isomorphous witli olivine : 

Olivine (Mg, Fe)*SiO*,* rhombic, a\h \c ^ 1*0729 ; 1 : 1*2528 

Cerite (Ce, La, Di, Fe)*SiO", rhombic, « : 5 ; 1*0016 : 1 : 1*2206 ^ 

(Nordenskiold, Chew, Ges. Ber, vii. 476). 

CmtZTB MBTilZtS. Ce, Di, La. Mcndelejcff, as already stated {2nd Snppl. 
273), assigns to thoso elements the atomic weights, Ce = 138 : Di==138 I La 180, 
according to which cerium and didyminm arc triads and lanthanum is a tetrad,* The 
number assigned to ('eriiim is corroborated by Mendolejeff’s determination of the 
specific heat of the metal, viz. *060 ; for this numlier multiplied by 138 gives for the 
atomic heat the number G‘9, wOiich is in accordance with the law of Duloug and Petit. 
Tlii.s result is confirmed by the recent experiments of Hillobrand (Popg. Ann, clviii. 
71), yrho finds for the specific boat of cerium the value *04479, w’hieh is nearly equal 
to that obtained l>y MendelcjolT. For tlho specific heats of didymium and lanthnnum 
I also, llillebrand finds values which, according to the law of Diilong and Petit, give 
for the atomic w*oigh I, s of these metals values 1^ times as great as thoso hitherto 
assigned to them (eg, for lanthanunl, 139 instead of 93*6), and accordingly show that 
these two metals, hitherto supj)o.Hed *?o be dyads, should also be regarded as triads. 
Ifillobrand’s numerical results for the three metals are as follows: 

ro Tji T)i 

♦Specific Kent .... 04479 *04485 ■0l.‘i63 

Atomic Weight . ... r 138 139 144*78 

Atomic Heat .... 6*18 G'23 6*60 

Jlillebrand, therefore, agrces^w»v^’ *Mendolejelf with respect to the quantivaleuco of 
cerium and didymium (both triah^b), but differs from him wnth respect to lanthanum, 

' which, according to Mendelejcff, is a tetrad. Mendolejeff’s conclusion with regard to 
this metal is not however based on determination of the specific heat, or indeed on 
any actual experimental evidence, but merely on what he supposes ought to be the 
place of lanthanum in the series of elements, According to the periodic law of the atomic 
weights (2nd Sitppl, p. 463). 

Kammclsborg, as nlready observed {2nd Snppl. 2731. raised objections to the 
changes proposed by Mondelejeff in the atomic weights^of the cerite metals, founded 
partly on the composition of the ceroso-ceric saltp, partly on the isomorphous relations 
of the three metals. MendelejeflT, on the other liand. (Luhig's Annalen^ clxviii. 45 ; 
JahreaberichC 1873, 262), defends the proposed changes, on the ground of the greater 
simplicity of the formulae based on the new atomic weights, especially in the case of 
the cerium salts ; and with regard, to tho nonconformity of the formulae of certain 
compounds of those metals with those of other compounds which crystallise in simi- 
lar foms, ho observes that, since cases of isomorphism are known to exist between 
compounds of well-established compesition containing unequal numbers of atoms, e,g. 
ZnO and AFO», CaGO» and KHrK*, FeNb«0« and FeWO*, NH«X and KX— the iso- 
morphism 6f Co-0* and Fe*0*, and of Di®(SO*)’ + 8H*0 with Cd*(SO*)* 4- 8H®0, cannot 
be regarded as an objection against tho^ adoption of the new atomic weights. The 
isomorphism of the lanthanum salts with tho corresponding didymium salts and 

• Tn Tables of tbo ftrrrtntrod nccontlnir to the Pcrio<llr Taw, Mendelejcff place? ccrinm 

well a? lanthanum rmuuip the tctra<I? Snppt, 4fia. 4«>4). 
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ceruus salt* is quite in aocordanctt 'aitU the views of t heir constitution uum* outermtneii* 
lanthani^ having been sftown to be a tria<h uot a (otjud as formerly supposed by 
Mendelejeif. But it is not necossiiiy to pursue the discuasion furtlicr, since Hammels- 
berg himself, in a recent pafor {Dtnt, CVicjw. Ge^, ix. 1/^80), has witUdmwn his 
objections tu the now atomic weights, regarding iJie question as completely settled by 
Hillebratid's dctemii nations of tiio spiecifie heats, mid further considering that the 
new atomic weights have the advaiitAge of aiFonling on the whole simpler furmulie 
for the compounds of the three metals, especially of the ceric salts. 

The gadolinite metals, yttrium and erbium, are, in like manner, reganled by 
RammeUbeig and MendelejetT' as triads. Clove also {Btt/L JSttr, CAiw. [2 J, xxi. 198, 
246) regards the metals of both these groups as triads. Delafontaine, on the oUier 
hand (N1 Arck. ph. not, li. 45), maintains the older view, partly from considenitions of 
isomorphism, partly on account of the strong basicity of the lower oxides of these 
metals, all of which unite directly with water, dissolve in acids with great evolution 
of h^t, and easily form well-cTystAlii»ed carlionates, all which projieriies art* chanic- 
toristic of monoxides rather than of sosquioxides. 

The following tabic, talnm from liammelsbc'rg’s memoir al»ore cited, exhibits the 
compfisition of the. naturally occurring compounds (chiefly silicates, niubutes, iiinl 
tantalates) of the ceritc and gatiolinito metals ncx'ording to tlie old and new atomic 
weights, the syrnliol H denoting anatom of bivalent metal (Co ^ 92 ; ; J-»a ^ 92 .) ; 

Eh 18*7 : y»=:59'7). and x4 an atom of trivalont metal (4?e '«138; ■fM*wl44; 
iz;\ - 1 89 ; Eb 1 69 ; ^ ^ 92*5). 


Ceritc . 
Lunthanito . 

H.'imartitc . 

Xenotinie 
Oryptolite , 

, Yttrotantalite 


Krrgusoiiite 


Poly erase . 


Crystallised 

Massive 


Euxenite 


Pyrochlore . 
(1) Miask . 


Now. 

«^Si*t)'=' + 3aq 
«C*(P-f9aq 
tEFl- f 

J 2 «<;*()•( 

(?) 

Ecl>*0* 

J 5(Rrra*0' Sail) ) 

i2(fl'Ta«0« + 3iiti)j 

Ti-.Ta:Nb 


ow. 

K*SiO* + !Uj 

Rco* -t 

5 KKP ? 
}2K0(>*i 
y-pH)" (?) 
tk>n«o" 

R«Ta»0’ 


( mlPXb'O* xa<j) ) 
} n H*N b*0‘’ -1“ xaq 


R»\IW + xoq 


m ; n x(m « n ^ 1 ) 

1:5 5 tireonlaud. 

3:4 4 yellow Ytlrfitantalite, 

’ * 2 4 bniwn-bliir.k „ 

1 : 4 7 Kiiriisfret, 

3:5 i Tyrite, 

2 : 3 3 , 

KbvsNb and Ta*in many cases 


+ xaq 


MRNb*0« f 

’ inHNb«0>»( 

}RTW ll 
* )nRTi»0*(J 
n X 

* 2 18' 

4. 24 

/J^RNbK>M \ 
JJnRNMO**{ 1^,,^ 

I JmRTiOVf^"^ 
V“ jnflTlK)»i) 
m : n X 
1 : 4 12 Alyo 
4 : 5 30 MbreRpar 
5:418 Eydland 

60NaFl 


- (12RNb»0«n 
® (€!eXbH>*» i f 
. M 2 RTiO»l [ 
* i^eTi*0* i ) 


bs2 


S n^h^cy*} 
i4ttTiO»J 


+ xarj 


^RnB’OV 
i2RTiO» J 


4> xaq 


4XaFl ) 

5RNb»o4 
4RTiO* j 
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(2) Crevig . 

(3) FredriksviirD 

(4) Kiii.stJi’Htuhl 
Gadolinite . 


Orthite 

tn : 11 oftm 


Ti»Ti and Th. 

geNaFl 

12RNb*0«M 
6eNb®0‘« { . 
l2RTiO* } 
eoTi’O* i 
Ti«TiandTh. 
12NaFl 
20RNb*0‘M 
eeNb^O** { I 
20BTiO*> f. 
eeTi«0® { ) 

2lNa£l 
10R2Nb*0^j 
ee-'Nb-O*' j 
< mR»SiO® ) 

^nttSiO" $ 

m : n 

1 ; 1 Hitterbe 
3 ; 2 Ytterlen 
1 : 3 (?) 

5:6 

mR^SiO^ ( 
nR«Si"0*n 
= 3*2 

Yttrotitanite 


3RSiO» 
^RTiO* 
3RSi*0» 
2RTi*OV 
T<jchewkiiiite 
'SRSiOa j 
2RTiO* J 
3ftl3i>0® I 
2RTi*0»{ 


|4NaFl ) 
J6RNb*0''f 
(2RTiO* ) 


(NaFl ) 
- R*NbsO« [ 
RTiO* ) 


55NaFl j 
^3R‘‘Nb^O’'j 

R*8iO» 


mR'^SiO^ ( 
3 : I 


I 

Car lorn, Ce= 138.* llillebrand a. Norton Ann, clvl. 466) have obtained 

piurd motallic corium by electrolysis of pure cerous chloride, using an apparatus like 
those employed for similar purposes bv^Bunsen and Matthiossen (ii. 437, 438). The 
metal thus obtained has the colo\fi<’nd lustre of iron, and takes a high polish ; in dry 
air it preserves its lustre, but in moist air it becomes covered with coloured films like 
h(?atea steel. It is malleable, and when hot can be drawn into wire of remarkable 
tloxibility. Sp. gf. 6*63 to 6*73.t Its melting point is below that of silver, but con- 
siderably above that of antimony. It kindles vn the air at a lower temperature than 
is required to ignite magnesium ; small fragments infiame by the mere act of detach- 
ing them, and shcfwers of brilliant sparks are produced by striking a piece of the 
metal with a fiint. A piece of cerium w^re burns with even greater briUiancy 
than magnesium. Cerium burns in chlorine an<\ in bromine vapour, and combines 
directly with iodine, sulphnr, and phosphorus. Con^ntrated sulphuric and nitric 
acids ao not attack it in the cold, but these acids, when diluted, dissolve it readily, as 
docs also hydrochloric acid. 

Oxides and Salts , — According to the new atomic weight of cerium, the two oxides 
(formerly OeO* and Ce*0*) have the formulm Ce*0* and CeO*, the metal in the latter 
(ceric oxide) being quadrivalent. 

Of the salts there are three classes,* viz. : 


OeBons. 

Oe»X« or CeX* 


Geroso-oeric. 

CeX>.OeX« or Ce»X» 


Oric. 

Ce«X* or CoX* 


* See p. 418. H. Bttbrig (/. pr, Chttn, [S], xil. 309>, from analyses of oeronit oxalate spectrosoopi- 
rally free from didymlmn, infers tltat the atomlo weight oi cerium (diatomic) Is 94*1782, whlrh 
gives for the triatomlo metal, 141*2673. 

t The lower spedflo gravity <5*5) of the metal which Wtihler obtained by rodocing oerons chloride 
with sodium (1«l SuppL 419) was doubtless due to adnntxtnre of sodium* 
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^ Of the three eul^iatM fcoiniilated bjr Raninieleberg, aceordiD^ to the old etAintia 
weight of cerium {2>td 275), the beown-red heugonal remtiina aleo a 

ceroso^ric salt according to the now atoroie weight, while the yellow noimal ceroeo^ 
ceric aalt^ and the yellow haste salt, become normal and basic ceric ealU respectively, 
thus, (Ce B 92 ; €e«i 138) : 

BrowH-nd flexagoi^ iJu, + 25«<i. 

Yellow Normal Salt, Oe(SO*)* + 4aq. 

IVlovBatM Sait (probably), 

Cryttallitcd AauHonium, Salt, 

The following cerous salts have been cxamittixl bv IS. John (/;«//. iS(H\ Chim* 121, 
»xi. 523):— * ' 

[Co- 138. 1 

Chloride, CeCl*-i- 7H*0. — Large colonrloss crystal.*#. 

Mercuro-chfvHde, CeCl*.4HgCl* + 1011*0. — Colourlc.ss cubes. 

Pialittochloride, CoCl*.PtCO*f 13H*0- — Large ontiige coloitrutl itbiles. 

^dUtroohloride, CoCl*.AuCl*+ 13H*0. — Yellow deliquescent prisitis. 

Sroffiide, C«Ur*-t- — Very deliquoscout noodles. 

AuroliTomidc, CcBr*.AuI{r* + 811*0. — Hark brown, shining crystalh. 

Fluoride, 2Ceh'*+ U*0. — Gelatinous precipitate. 

Thiocyanate^ Ce(CNS)*+ 7U*0. — Colourless prisms. 

Ce(CNS)*.3Hg(CN)*+ 1211*0.— Well-definctl Ubular crystals. 

Ce > 

Ccro$o-pot assic Ferroeyanide, >(CN)*Ko + 311*0. — While powder. 

Ceroue Ferroeyanide, Ce*(CN)*Fo + 811*0. 

6Vreso-^/a^tVinf/^ Cyanide, 2Cc(CS)*.3P^ON)* + 1 8 U*0.— Yellow-green prii|||s. 
Nitrate, Ce(NO*)» + 611*0. 

C7/4orrt<c, Oe(ClO*)* + 811*0. 

lodate, Cu(IO*)* + 211*0.— White aniorpJnu’s pweipitau-. 

Sulphate, Co*(SO0* + *'it 6, 8, 9 and 12H*0. 

Ce rose -pot aesic Sulphate, Cc*(SO*)*.2K**SO* 2H‘’0. 

Ccroeo-ammonic Sulphate, Co*(SO^)*.(Nn*)*.SO* f«ll*0. -I‘‘l!il trued prisms. 
Ceroio-sodic StUphate, Ce\SO*)*.Na*SO* + 211*0. -Wliito crystalline powder. 
ScUnaU, Co*(J;?oO*)* + 6 , 0, and 12H*0. 

CVrejsio-^/a«tf/c Sclenatc, Ce’*(SeO^)*.5K*8« <>*. 

CtrofO~am^nonic Schnate, Ce*(‘^eO*)*.(N 11 *)*,S<.0’ + 911*0.— .Siiwill, well*dsAutsl 
prisms. 4-. 

Ceroeo’-Bodia StUuUe, CV(t?cO')*.Xa*.ScO* + o (or 4?) 11*0. — 8miill coloorlass 
ciy'stals. 

Selcnile, CV(ScO»)» + 3liH). 

Ctroeo^hydric SiUnite, CcH(.SeO*)*+ 211*0. 

hithionate, Ce*(S*0‘)* + 2411*0. — I.iarge bi'&agimal t rywUU. 

Sulphite, Ce*(SO*)* + 3ll*U. 

Carbonate, Ce*(CO*)*w- 5ll*0. 

Ceroeo-poia eeic Carbonate, CV (C0*)’.K-i !0* + 311*0. 

Ceroeo-eodic Carbonate, C-\C0*)*.2Na'*'CO* + 2H*U, 

Cerous Phoephaie, CoPO* + 211*0. 

Ccroto- hydric Pyrophosphate, CeHP*0* + 311*0. 

Fortnate, Ce(CO*H)» 

Acetate, 2Ce(C?*H*0*)* + 3K*0. — Small iScxiblr neidlo-. 

OxalaU, CV(0=0«)* + 911*0. 

&aatlaaBamt La'" 139. Metallic laniliHuiioi lias Ijeeti pre^sirf^l by ilillebmtid 
H. Xorton, in the same manner as ccriiiiu, viz. l>y electrolytic reduction from ilia 
cliloridc. In its g'-m-rwl chemical behaviour, it reseniblcs cerium; it is, how vr*r, 
readily attacked by sLr*ing nitric itcid, and quickly bocrinn s covered with a stceL-bluo 
him even in dry air. It is malleable^ but not ductile. The sp. gr. of the electro* 
lytically deposited met’d is 6163 ; after fusion, t^’049. Its melting point appears to 
be not far from that of cerium, but its temperature of ignition both In air and in 
uUTSen is much higher th^ui that of cerium. 
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Atomic Marignac (Ann. Ch. Thyc. [4], xxx. 67) by igniting lanthanam^ 

Buljphate till tbe sulphuric acid complf tcly expelled, finds the atomic weight to be y. 
La =92’62; and by precipitation with ammonium oxalate and ignition of the pr^ 
cipitate, La" » 92*24 and 92*48. The most probable Value deuced from these 
numbers is 92*6, or for the triatomic metal, La"'* 138*75. < 

Cleve (BulL Soc. Ohim. [2], xxi. 196) has detemKned the atomic weight of 
lanthanum by converting the oxide (spectroscopically pure) into sulphate. The 
maximum number thus obtained was 139*49; minimum, 138*95; mean, 139*15. 
Comparing this with Marignac’s number, the true atomic weight of lanthanum may 
be taken at 130. 

Separation from Didymium. — According to Cleve (loo, oU.) the separation bo|f 
effected by fractional precipitation of the mixed nitrates with ammonia. The pre- 
cipitate consists chieHy of basic didymium nitrate, and by repeated fractionation, a 
solution of pure lanthanum nitrate*is obtained, which may be procipibited by o:(»ilic . 
acid. The following methods are given by Frerichs (Deut. Ch^. Ges, Ber, vii. 79^). 

1, The oxides of the two motnls are ignited in chlorine gas, whereby they are con- 
verted into the oxychlorides, LaOCl and DiOCl. The oxychloride of lanthahum is 
not altered by boiling with water, whereas that of didymium is resolved thereby into 
chloride and hydroxide : 

SDiOCl + 3H='0 * DiCl» -I- 2Di(OH)*. 

Moreovori didymium chloride and lanthanum oxychloride act on one anoth^, 
shown by the equation : . 

3LaOCl + 2DiCl* + 311-0 = 3LaCl» + 2DI(OU)*. 

If, therefore, the proportion of lanthanum in tho original mixture of the oxides was 
such that 3 atoms of lanthanum can enter into tho reaction with every 6 atoms of 
didymium (or iLa to 2Di), the mixture, after seversil days' digestion will contain 
nothing but lanthanum chloride, jjnd tho precipitate will consist of didymium hydroxide 
and lanthanum oxychloride ; but if a largpr proportion of didymium is present, the 
product will contain didymium chloride, and must be again treated in the same way. 

*' 2. If tho amount of lanthanum in tho mixed okidcs is known, tho oxides may bo 
dissolved in nitric acid, and exactly enough sulphuric acid added to convert tho 
lanthanum nitrate into sulphate. The golution is then evaporated to dryness, and 
the salts heated to low redness to decompose tho didymium nitrate. Tlie lanthanum 
sulphate is then extracted with water, leaving didymium oxide iindiasolved. 

If a slight excess of sulphuric acid be added, so that a portion of the didymium 
nitrate is also converted into sulphate, the insoluble residue will consist of pure 
didymium oxide. « 

Compounds of Lanthanum. — The following have been prepared and analysed by 
Cleve (loc. cit.) ^ 

OxidOf La-0*.- -This is tho onJ^^V .own oxide of lanthanum. After ignition at a 
white heat it has a sp. gr. of 6*63at 17®. Moistened with warm water it evolves 
considerable heat, and the hydrate, dried at 100^, has the formula LaH*0*. 

Chloride of Lanthanum (hydrated), IjaClI -i- 7H^O. — Colourless prisma, very soluble 
in water and alcohol. Hermann assigns onIj(, 6H^O to this salt. The bromide 
resembles the chloride. 

Oxychloride, LaOCl, prepared by heating the oxide to 200® in cldorino gas, is a 
grey mass scarcely attacked by water (Frerichs), 

Platmochloride, LaCF.PtCl* + 1 31PO. — ^uare plates, very soluble. It 
loses 6H®0 over sulphuric acid, and 9H*0 at 100®-110% 

Aurochloride, LaCl*.AuCl* + lOH^O. — lioses 4H-0 over sulphuric acid. 

Aurobromide, LaBr*.AuBr* + 9H-*0 (possibly 10H*O), — Permanent over sulphuric 
acid. 

Fluoride, 2L:iU'l* -t- H*0 (?). — Gelatinous prccipiUite produced by the addition of 
hydrofluoric acid to the acetate. 

Ferroeyantde of Lanthanufn and Pota.ssiuw, lia^KFeCy* + 4H*0. — A yellowish 
white precipitate, formed on adding ferrocyanido of |x>tassinm to acetate of lanthanum. 

It loses H»0 at 100^ 

Platinooyanidc, 2ljaCy*.3PtCy* + 1 8H’0. — Forms greenish-yellow prisms ; loses 
13H*0 over sulphuric acid, and 14H-0 at lOO'^-llO®, 

Thiocyanate, La(CNS)* * 7H*0. -Obtained by dissolving the oxide in thiocyjifdc 
acid. It fbruis deliquescent neodUs, which lose 3H-0 over sulphuric acid ; gives with 
mercuric cyanide tho compound La(CN.5)*.3Hg(CN)-.I2U*0, which sepanitcs in white 
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iieades. It is very solnble in hot water, only alig.'iUy bo in cold wxder, lose* 0H*O 
sulphuric acid, and all Its water at 1 10*^. ^ ^ 

IjafNO*)*+ 6H.'*0. — I^rgo tabular crystals, losing 2jII®0 over sulphuric 

4?A2om/c.-^Golour1e8s needles, rery deliquescent. lU solution is decomposed by 
. era|iaratioQ in a racuom. * 

PereJUoraief La(C10^)*+ 18H*0. — Colourless, dcliqueseont needles. 

La(IO*)* + 3H*0. — Voluminous white precipitate, devoid of crystalline 
appCiraace, obtained on .adding iodic acid to a lanthanum salt, 

PtrifidatSf ljalO^ + 2H^. — Periodic acid doe.s not preoipiUito the nitrate, but with 
tho^httetate it gives a bulky white precipitate, which shrinks on gently warming. 

Formate^ (00*H)*Ia. — W hite crystalliuo powder, which requires i21 parts of cold 
water 'ibr solution. The formates of cerium and didytnium have a similar slight 
solublfif^, while those of yttrium and erbium are very soluble. 

Acetal, 2{C'lI»0=)*La + 311*0. — OrysUillIses in small noodles, which lose lH-0 at 
100^-110*". 

Sttemte, La^SeO*)* + 614-0. when crystalliseil frein u warm solution, and with 
by spontaneous evaporation. 

h' Suljihate^ precipitated on mixing sulutions of the two sulphates, 

'is tomlBitely insoluble in a contvntratcnl solution of p>tassium sulphate. 

Txakkano-potasne Sdenate^ (ScO‘)*La* .SoO*K* + 9)1*0, obtained by evaporsting a 
** mixture of the two selonatcs, docs not give oflT water in dry air. 

Ijanthanamnuytiic Sulphair, (JSO<)*Ija*.SO*(NII')'*‘ + — Flattened striatiHl 

. prisms, very soluble, permanent in tho air. 

P Tjanihanamnujniv Selcitate^ (S<?0*)M^i*.*SoO*(NH*)* + 811*0. — Flattened prisms, 
giving off 711*0 over sulphuric acid, and 811*0 at 100®. 

Lanthano-sodic Sulphaff^, (yO')*I-»a*-»SO^Xa*+ 311*0.— WhiLti amorphous p<j#der, 
slightly soluble. 

Lanthana-sodic Stleimit:, (iSoO‘)“Ljt*.»SoO*Xa* + 4ir*’0. --White crystalline crusts, 
moderately soluble. It loses nothing in a %’acuum over sulphuric acid. c 

&dphitc of iMuthauttm, (.SO')*La* -r 4U*0. — Hyilraio of lanthanum dissolves in a 
solution of sulphurous .noid. Tlio above .^ult eo^>araV4‘S on heating, as a bulky whit** 
powder. 

Acid Selenite, (.‘^cO*/Lri*.3.'*eO* + — Separates from .i mixture of lanthanum 

chloride with soicninus acid on addition of afenhoL Jt loses 3f)*0 at 100®. 


Dithiomite^ (.S*0*)*lji* + 24ll*0. — PrejMired by double det'ornpositiori botwern 
Istrium dithionato and lanthanum' sulphate. It forms hexagonal crj'stals, is very 
soluble, and loses 23 IPO over sulphuric acid. 

Carbonate. — Tho rare mineral lanfkanitr. luifi the formula (CO*l*La*4 8)1*0. — The 
salt obtained by precipitating a lauthaiium an alkaline carbonate has 

the same comj^osition. Ily passing carbonic acid tfinnigh water holding lanthanum 
liVilrato in suspension, a carljoiiato ts oblainsd iti small scjiies with greusy lustre, 
which when dricKl in a vacuum has tho comptfsif ion (<vO*)*Isi*+ 311*0. 

Fliio-carbonaie. — Tho mineral Imnna^ite found at Ilostniis (Swodon) has, according 
to NordenskiblJ, the conijxKsitioii I^(Co) Unlike didyiriium^ lanthanum does 


not appear to fijrm tlouble c^bonates with the alkalis. 

Oxalate, (C*0*)*La* + 911*0. — W'hite crjatallino powder completely insoluble in 
water, very soluble in strong nit^c acid, slightly soluble in dilute hydrochloric. 

Stwwwalc, (C^IPO‘)*I#a*+ ^k*0. — Czudnowicz assigncsl 4^11*0 to this salt, but 
his analyses agree )>cttcr w'ith the formula above given. 

Turfru/s, (0*11 •0*)*l4i*+ 311*0. — Tho addition of tartaric acid to a solution of 
lanthanum acetate pr'xluces a bulky precipitate, which slowly lieconies granuhir. It 
is soluble in ncids, and the solniions are not prc^^'ipitatefl by ammonia. 


Orthophosphate , — Disodic orthophosphate and phosphoric acid produce precipitates 
in lanthamun solutions. ^ 

Acid 1’*0*H1^ + .3H*0. Sodium pyre^phospbate gives with eioInih*n 

of lanthanum chloride a precipitate srjlnble in excess of the lanthanum sfUt. T'lii» 
solntion deposits after some days small crystalliiie grains of the above comxjositiofi. 
It loses 2H*0 at 100"^ 

On reviewing the oompo#ijtion of these salts, it svill be seen that the platino- 
chloride, auruchloride, aurobromide, pota|^io'fcmM^anid4S pyrophosphate, hius 
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matite afford thu strongest evidence in favour of the triatomicity of lanthanum. The 
formulse of the double sulphates and tfelenates, the quanflty of water in the crystalline 
salts, and the proportion of it given off under various circumstances, likewise all 
agree best with this view. 

Hldymlunip 145. Clove {Bull. 8oc. Chvnj^. [2], xxi. 246) has determined 

the atomic weight of this motal in the same manner as that of lanthanum. A pure 
basic nitrate obtained by fractional precipitation with ammonia, was converted into 
the formate, which on calcination left the pure sesquioxide Di®0*. The conversion of 
this oxide into the sulphate gave, as a moan of six determinations, Di=< 147*01 
(extremes 147*23 and 146*65), Marignac found 143*6 to 144. 

Metallic didymium has a greater resemblance to lanthanum than to cerium. It 
resembles lanthanum in its chcmiovl relations, and is also about equal to it in lustre, 
ductility, and susceptibility of pplishing. Its colour is white with a tinge of yellow, 
but much loss marked than in bismuth : it tarnishes in dry air, and when exposed to 
moist air acquires a yellowish coating. After fusion it has a sp. gr. of 6*544, and is 
but little inferior in hardness to cerium. Eine particles thrown off in scraping or 
scratching it do not take fire spontaneously, but burn with great brilliancy when 
thrown into a dame. Liglit rejected from polished surfaces of the metal does not 
exhibit the absorption -bands which are seen in the spectrum of the incandescent 
oxide. 

Tha following didymium compounds have been examined by Cleve : 

Oxide of Didymium, is obtained in hard fragments of a dirty bluish colour 

and with a sp. gr. of 6'802, by igniting the hydrate at a white heat. The peroxide 
obtained by calcining the oxalate becomes bluish when ignited in hydrogen. 

CA/orirfc, DiCl* + 6H^O. — Unalterable in dry air. Marignac found the same com- 
position, but Zschioscho assigns more water to this salt. 

Bromide, DiBr* + — Crystallises in large prisms of a deep violet colour. It 

is Hot altered by exposure to dry air. 

Platinochloridc, DiCP.rtCl^ + llH'-'O. — Ciystallisos over sulphuric acid in orango- 
colourod pxrisms, which are not isomorptious with the phitinochlorides of lanthanum 
vand cerium. Marignac has doscribnd a phitiuochlorido having the formula 
4l)rC1^3PtCl^ + 36H“0, isomorphoiyi with thoso of lanthatmra and cerium. The two 
are evidently distinct compounds. 

Autochloridcs. — (a.) Di CP. AuCl* + 1011/^0. — Largo orange-coloured plates, very 
soluble. It loses 3H'‘*0 over sulphuric acid. 

(5.) 2DiGl*.3AuCl" + 20(?)H*O. Obtained on ono occasion of a deeper colour tlian 
the preceding. 

AMro6ro?n«rfc, T)iI?r*.AuBr* + 9(?10)1I"0. — Larg* - crystals of a deop-hrown colour, 
very soluble ; loses 4H*0 over sulphuric acid. 

Fluoride, BiFP + H'HX?)* — Golatim>us procipittito. 

Plaiinoeyanidv, 2Di(CN)''.3l'«^'x^)^ + 18H®0. — Fine prisms, of a dirty yellow colour, 
W'ith bluish reflex; loses 1411-0 on exposure to air, becoming first rod, then yellow or 
white ; parts with the same quantity of water at 100®. 

Didymio-poteissio Ferrocyanide, j^|FcCy*^+ 4I1*0(?). — White precipitate formed 
on adding potassium ferrocyanido to a didymium salt. 

Thiocyanate of Didymium, Di(CSN)* + 61PO.— Deliquescent needles, very soluble. 
It loses ‘iH*0 over sulphuric acid. With Jnercuric cyaf’ide it forms the corapountl 
Di(C*SN)*.3lIg(CN)'^+ 12H*0, which crystallises ,jn pale n»sc-eoloure<l needles, A*ery 
Bohiblo in liot water, hut only slightly so in cold. Ivlosos 7H-0 over sulphuric acid 
and lOlUO at 100®. 

Nitrate, l>i(NO“)*+ 6H'0. — Tjjvrgc violet cryst^jils. 

Perchlorate, Di(ClO*)* + 911*0. — Red needles, very deliquescent. 

lodaic, Di(IO*)* + — Non-crystalline, white precipitate, obtained by adding 

iodic acid to a didymium salt. 

Periodate, DilO* + 411*0. — Periodic acid gives no precipitate with didymium 
nitrate, button adding a little ammonia, there is obtained a bulky precipitate, which 
soon changes to a reddish crystalline powder, 

For?natf, Di(CO'-H)*. — Red crystallino jx>wder, obtained by treating didymium 
hydrate with formic acid or by precipitating a didymium salt with ammonium foninito ; 
dissolves in 221 parts of cold water. 

AcrUife, Di(Cril*0*)’ V — Isomorphous with tlio iicctate.s of erbium and 

yttrium. «• 
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SdetutisB^ (a) + 5ELH>. — Kims f«d needles, obtained by (mpovatinn on 

the water>bath a solution of didymium oxide in jwlenic acid. (A) I)i*{SeO*)* + 8tt*0, 
Laige cfystals, very soluble, isomorphous with the sulplAt-e, obtainod by erapomtion 
at 60*^. (c). Evaporation at the ominary temperature gives needles which appear to 

contain 10H*O. 

Didymithpoia^ Su^pkaifs. (a) Di*(SO*)*.3K*SO*. — A red crystal line powder, whioh 
Mparates on mixing the cold saturated solutions of the two sulphates. It is absolutely 
insoluble in a cold saturated solution of potassium sulphate, but dissolves tb a small 
extent on boiling (100 c.c. contain 65 mgr. I)i*0*). It dissolves in aliont 83 parts of 
pure water at 18®, (A). The mixture of boiling solutions of the sulphates gives a 

salt whose formula appears to bo I)i*(80*)* + 4K*80*. 

Didi/mio-poiasaic ScteH^iiea, Di^SeO*)*.K^eO* + 911*0. — Obtninwl in small crystals 
by spontaneous evaporation. Permanent in the air; loses 6H*0 at I(>0^, 

Dicfymw^amtnonic Sidphafe^ Di*(SO*)*.(NIJ^)*80* +"811*0. — Loses 511*0 at 100®. 

Didymio^antmonic I>i*(8oO*)*.(NM*)*SoO^ + 611*0, -Flattened prisms, 

very soluble. 

Dufymio-aodic Sulphiite^ Di*(SO*)*.Na*SO* + 211*0, — Ked powder, of slight solubility. 

DidytniO'Sodio Sflrmatf, Di*(Se()*)*.Na*SeO* + 411*0. — llosombles the last suit, but 
is much more soluble. 

Sidpkife of J!}idt/miuWi Di^SO*P + 311*0. — A nearly white crystaUitie mwiler pro* 
oipitatra on heating the reddish solution of the hvilrato in sulphurous ;icid. * 

Selenita^ I3i*(.SeO*)*8eO*+ 411*0. — Separates fnmi a mixture of didymtum nitrate 
with Holenious acid on addition <>f alcohol. It loses 2ir'0 at 100®. 

I)i*(S*0*)» 4 * 24n*0. — Hexagonal cry^t./s, very sohiblo, of a fine rod 
colour. It lo.so.^ 20ll*O over sulphuric acid, 

ChrAon/rAr, I)i*(CO*)* + 11*0. — Red crystalline powder ^Otaiiiod by passiiig oarltonic 
acid into water hoklliig in suspension hydrate of oidym’iiin. 

LouhU Carbonates , — , ^ 

I)i*(CO«)*.K*lX>» r,H*0(?) 

2Di*tC0*)»:3Na*(’0* f UH'O. 

Obtaiiie<l by a<!ding a salt of didymium to nn excels of t)i« alliMliiie carbonate. 

Di*(CO*)*,2Na*CO* + 8ll*< >. Obtaiiittl onco by digestion of didyrnium carbonate 
with an excess of sodium carbonate at a guntle heat. 

Oxalate of JHdji/mium, lJi*(C*’0*)* + 10U*O, —Crystalline powder. 

Oxa/a/e of Oidumium and Pofa^sium, lh*i((T*0*)*.K*C*0*+ 4ll*0(7)j — Oxalate of 
didyrnium dissolves in a boiling Hatrnit«?d soluliciti of pofaHsium oxalate ; on diluting 
this solution the double salt sepjvmt4!8 as a bulky precipitate, speedily becoming 
crystalline. 

Tartrate of Did^jminm, T)i*(C‘TPO«)* + Glpd.- .Jji^Uiric acid gives n rod granular 
precipitaLo with didyrnium acetate. It loses 4U*0^W It is soluble in 

ammonia, and the solution yields 3 'el 1 o*v transparent luasKea like gum. 

^rophosphede of Didyrnium, I)i*(l^O*)* +i>ll*0. — Bulky rod precipitate. 

on^lTSBXTB. This mineral was c>bserTc«l by N. v. Kokscharow to form two 
kinds of twin -crystals, namely, the ordiiuwpy form in which the corabirmtion*fi|pe is 
parallel to ooP, and another in which it is fmrallel to crjP3. Crystals of the latter 
kind were found in the fkilwtuschinsk mine in the Altai mountains, and 8chratif 
(JttArA,/. -Viw. 1874. 306) has fonnd tlmt cry^tals fi»nne<l a<‘.cordjng to the aaiiio law 
ix'^ir at two other localities, najDiel/, R*‘zb«nya in Ilunpiiy, and L< a<lliillH in 8c4>t- 
land. Those from the last-named locality show dislinetly, by their nuxle of develoj)- 
ment, that cerussite twins ha^dng their lace of combination parallel to coPs are 
hcmiiiopic. 

OSAULOSnmtXTB. A mineral first described by Ullmarin as occurring in 
the form of a thin crystalline coating, investing the green iron ore (dufreynite) of Uie 
Hollerter Zug, 8ayn, Westphalia, and more recently by Maskelync {Cbem, Hoc. J. 
1875. 680), as associated with andrewsite (p. 84), sometimes standing from the 
globules of the lattf‘r in bright green crystals, sometimes encrusting tin?* andrewsite 
with a thin surface-layxr. The crystals are triclinic, the ratio of the three ax»»H 
being : 

a : A : c =« 1 : 0*79C)7 : 0-60 *78 
aixl their aiigb s of iucliii.il ion : ^ 

ab » 107°4r;rt<? Ac « 93® 30'. 
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Sp. gr. = 3*1^8 approximately. Hanjness = 4'o. Streak light slskin-greep. An 
analysis by flight gave : ^ a 

Fe’O* Al’O" ^CuO P*0» Ab\)‘ H“0 U0» 

42-81 4-46 8-15 29-93 0-61 * Id OO trace -= 100-95 

which may bo represented by the formula 2Fe®P*0*.Fe*H*0*,CiiH20^ + 4H^0. Of the 
water only 0*468 goes off at 100°, and 0*131 at 1S0°-130°, the rest being expelled 
only at a high temperature. 

CB1SM;zcA.& JLGTZOir. The second part of Brodie's ‘ Calculus of Chemioil 
Operations,* entitled ‘ On the Analyses of Chemical Events/ is published in the 
Philowphical Transactions for 1877, vol. clxvii. pp. 36-116; abstr. Proc. Roy, Soc. 
XXV. 83. 

E. J. Mills has published Considerations on the First Principles of Vkemistry^ in 
wliich Motion is regarded as ^he groundwork of chemical action (^Phil. Mag, [5], i. 
1-16). 

A theory of Chemical Affinity, with special reference to the constitution of Mole- 
cular Compounds, and the number of possible Isomeric modifications of compounds, 
has been proposed by H. Kommrath {Pent, Chem, Ges, Ber, ix. 1392 ; x. 742). 

Velooltjr of Cliemioal Action. Observations on the time occupied in the 
double decomposition of salts have been made by J, H. Gladstone {Chem, News^ xxxi. 
266). Ferric chloride and potassium thiocyanate react instantaneously ; between ferric 
citrate and meconic acid, and between platinic chloride and potassium chloride, the 
reaction is gradual. The progress of the reaction depends upon the rapidity of 
iutortliSusion of the salts, and is greatly influenced by temperature. The following 
numbers exhibit the rate of precipibition of strontium sulphate by addition of calcium 
sulpliate to a solution of strontium nitrate : 


After 4 minutes 

. .... 


Turbidity 

„ 20 „ . 

. . • • . 


0*071 grm 

1) 00 1, . 

, . * • • . 


0-130 „ 

„ 110 „ . 

. . ^ . • 


0-303 „ 

,, 2 4 0 ,, . 



0-407 

,, 1270 „ , 

. , . 


0-650 

Total precipitation possibh) .... 


1*5 


Marie F. lleod {American CheTttist, v. 358) has determined the influence of tem- 
perature on the rate of the reaction between oxalic acid and potassium per- 
manganate, The mode of experiment consisted in suddenly arresting the action 
by adding an excess of potassium iodide, and determining the amount of free iodine 
by tiietins of sodium thiosulphate, whence the quantity of unreduced permanganate 
could bo calculated. In the first five experiments the solutions of oxalic acid and 
pcrmaiiganato used were deci normal, and the quantities taken were 25 c.c. permanga- 
nate, 60 c.c. oxalic acid, and 2'6 c.c.c»sulphuric acid of sp. gr. 1*8. In experiments G, 
7 and 8, tho solution contain? litre, 32*4 grams of oxalic acid, 17*6 of sulphuric 
acid, 5 of manganous sulphate, and 0*375 of permanganate, and the quantity taken of 
each was 26 c.c. 


Amount per cent, of Rcavtiot^ at different Temperatures. 


Temi)©- 

ratura 

1 

1 mill. 

2 

4 min. 

3 

1 min. 

4 

2 min. 

& 

4 min. 

B 

' 3 min. 

7 

3 mill. 

8 

4 min. 

6° 
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4 

4 
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— 

— 

— 
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4*6 

6 

15 


— 

3 

6 

9 

5 

8 

9-5 

20 

— 

. 

3*6 

6*5 

11-6 

8*7 

15*6 

10 

26 


. — . 

3*8 

8 

13 5 

17 

33 

40 

30 

— 

— 

4*9 

10 

18*5 

36 

58 

65*5 

36 

— 



, 16*5 

42 

62 6 

78*5 

84 5 

40 
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35 

07*5 

84-5 

93 

97*6 

46 
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97o 

— 

— 
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— 

— 

— 

— 
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98*5 

— 

— 

— 

— 

— 

60 

34*6 

89*5 

-- 

— 

— 

— 

— 

— 

65 

66 

— 
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— 

— 

— 

— 

70 

97 
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Haie of Decomposition of Calcium Carbonate by Acids , — From experi' 
ments bv BoguBki Cktm, Ges, Ber. ix. 1646), it appow that the rapidity of 

evolution of carbon dioxide fpom*Carrara marble ly the a^ion of hydrochloric acid 
is directly pro^rtional to the concentration of the acid ; and farther experimenU by 
Boguskl a. Kaiander (i&irf. 1809) have shown that tlie quantities of CO* expelled in a 
unit of time from the same marble by the action of nitric, hydrobromte, and hydro- 
chloric acid, are invereely pruporHonal to the molecular weights of these acids. 
Experiments with acetic and formic acid did not lead to any definite result, inasmuch 
as these acids alter tlie surface of the marble. 

Setardatton of Cliomloal moaoftoaa by Zadtflbraat Sabstaaeon. A 

mixture of f'qual volumes of fuming hydrochloric acid and glycerin (a) acts on ultra- 
marine only after 45 seconds, and bleaches it in 8 minutes^ while a mixture of etiual 
volumes of water and aoid (A) begia^ to act in 10 seconds and destroys the colour in 
85 seconds. Mixture a dissolves zinc and iron much m<»re slowly than Thus 10 
c.c. of the latter dissolved 0*5 gram of nails in less than 24 hours, while a loft after 
24 hours 86 '2 percent, undisstdvcd, and altt‘r 14 diws 1-8 p^r cent, still reraaiti«<l. 
The cause of this is not that ferrous chloride is loss soluble in glycerin than in waU>r, 
litvaiLse the suit readili* dissolves in the fi»ruicr, and iluring the experiment none sopa- 
mtod out. Mixtures of sulphuric iicid ninl glycerin, or gum, show a similar inactivity, 
A mixture of acid and soot scarcely acts un metals, but ou removing the soot by 
filtration the filtmte acts like fresh acid. The retardation reaches a maximum 
wlieu a mixture of strong acid and glycerin with 5 per cent, of soot is used (tl. Lunge* 
Dtut, Chem, 6rcs. Her. ix. 1815). 

Aacompoaitlon of eortatn Salto by Water (A. Ditto, Compt. rend, Ixxix. 
*Jl5, 1254). Normal Mercuric Sulphate, lIgSO* or llgO.SO*, is decomp «e<l by 
water at 12'^, with sepimtinn of basic Hulphato or turpth-niinoml, ilHgO.SO*, till a 
solution is forme*! containing 67 grams of free sulphuric nciil in a litre, from which 
point the neutral sulphate is dissolved without d«x*omi.Hisition. At higher temper- 
atures, however, the Kolutioii Again atfiu'ks the neutral salt and acquires a yellow 
colour. The result is not altere*! by the presence of auuthi\r acid. 

Crystals of normal bismuth u i » rate, 2ifi(NC*)*.8H*0 or Di*0*.3N*0*4 3H’0, 
are deo»>rnpo»<Hl by water, with formation of a <*rystnUine precipitalo having the c^jiii* 
pjsition with 1, 2, 8, or 1 inol. w.iler, jK‘coi\liug to the t/<'nipomture, until 

a solutionis formed containing 88 gmms of nitric anhydride in a litre, after wliii'h 
the nonnal nitrate is dissolvcni without decom{)ositiQJi. lint if an luud liquid cxintaiii- 
ing h'Hs than h8 grains per litre be poureil up>n the oasiv'; nitrate, the latter disHoIvcs 
as ^u^h. and it is not until the liniiling quantity of free acid lias bcfui otherwise 
int rodueed into tin* solul ion, that the sense uf tho re.wtiou is changed, or that 
the w^lution becomes capable of dissolving tho neutral salt without decoin{M>Hing it. 

Tlie quantity <if Irco acid r<sprired ioeroasos with tho t-oinperat uro, ho that when a 
Holiition of the neutral salt ih licfat <<l, a procipitato of !*asic nitrato is prxlucod. 

'Die crystallino biihic nitrate, or IJitfNC)*, is in its turn eapibla of Viei ng 

drcompwKod by a largo quanlity d’ water, and a still ba**ic salt pnxiuced, which 

is imn-rphou.s and opaque. Tais Hrcoiidary actioPr*^.4*' very slight at ortliiiury 
temperatures, ami doe,s not in .'iny way effect tho precetling observatiuiiH, but at 100'’ 
the limiting quantity of acid it .uirod to prevent deconjpisit ion appwirs to be alioiit 
4 5 grams per litre. Pr<»tra<'t t d wiishiiig of tho bHBic rntrulu finally leaves a salt of 
fix»*<l compjsit ion, 2[ BiO( N O* ) I »PO*. 

Antimonions chloride. SbCl*, is decoiiipjs**^! by water, with separation of 
oxychloride, SbfPCT, till a solution is forme<l containing 159 grams of .lif'l in a litre, 
after which it dissolves without^ecomjKisitio”. ^^iitirnony oxydiloride is deconipiKod 
by water, especially at \00°. 

The decoin p>siti on of bismuth trichloride by diflTfrent quiintitics of water 
has \fern studied by W. Ostwald (•/. pr. Chem. xii. 264). .V pure concentrated solu- 
tion of this compiiiinl in hydrochloric acid was tlivide<i into 25 parts, each of these 
dilated with a <liflerent quantity of w'ater, and afb-r hix wovks' rest, the clear liquids 
were analysed. The action wa-i found t»> have taken place as repreaenUHl by the 
equation BiCl* + H*t> - Hi Otvl •+■ 2X101. Fur 8 to 12 per cent., but not for less than 
8 per cent, of bismuth, the following law holds goofk: When a hydiwhlorie solution of 
bismuth is pirtially decomposed by wmter, tho water withdraws from the bismuth 
chloride a quantity of chloriuo proportional to its own quantity, in tho form of hyd|fo- 
chloric acid, and in such a mjtnncr that tho formation of this constant compemnd of 
hydrogen chloride and water is ivccoropaniod by tho formation of b compound, like- 
wihc constant, of hydrr»gen chliifal'n and bismuth chloride ; the profiortion of these 
two double com|x>uiKls one to the other may how'cvcr l>e very variable. Bince now. 
according to this simple law, the action is jpromrtionaiito tSyo mass, it foUuws that 
when a conceuLratod solntiou of bisranth in ^y<Trorlrochloric acid is mixed, one time 
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with a small and anoUior time with a large quantity of water, the mixture of the 
liquids filtered after sttiuding for some time will i^ither become turbid nor dissolve 
oxychloride added to it.f ' 

On the Becomjposition of Potassio-ccdcio mt^hc^e by water ^ see Ditte {Com/pt, ren<?, 

bueix. 1254). 

SDonble Decomposition of Salts In Solution. From the experiments of 
Joulin (Ann. Chim. Vhys, [4], xxx. 248), it appears that the reaction between the 
carbonates of the alkali-metals and salts of the kca'oy metah, whether the correspond- 
ing oxides are capable or not of forming hydrates, results in the formation of mixtures 
of ctirbonate and oxide, usually in indefinite proportions, and at every degree of dilu- 
tion if the alkaline carbonate is in excess, but only up to a certain degree of dilution 
if the heavy metallic salt is in excess. The course of the reaction is retarded by 
dilution, and by an exet'ss of cither of the salts. A secondary action takes place at 
the same time, consisting a decomposition of the metallic carbonate by the still un- 
decomposed alkaline carbonate. Neutral manganons phosphate remains unaltered 
under water or under a concentrated solution of acid sodium phosphate, but is altered 
to a very slight extent under a solution of neutral phosphate, and is immediately de- 
composed by the basic phosphate. 

Water does not decompose the borates of the alkali -metals, but it easily forms 
oxides from the borates of the heavy metals, which, on the other hand, are scarcely 
altered by concentrated solutions of neutral or acid sodium borate. Hence the reac- 
tion between alkaline borates and metallic salts, in very concentrated solutions, pro- 
duces a pure metallic borate if the alkaline borate is in excess, and an oxide if the 
metallic salt is in excess, this oxide resulting from the decomposition of the metallic 
salt by water. 

The action of alJcaline silicalcs on metallic salts is similar to that of the borates. 
In the action of neutral sodium acetate on manganous sulphate, the production of 
oxide is due to the formation of sodium diacctato. 

On the Reaction between Alkaline Carbonates and Earthy Oxalates^ and between 
Alkaline Oxalates and Eqrihy Carbonates^ see Watson Smith (p. 410 of this volume). 

On the Decomposition of 8olnti(*ns of Potash-alum at 100'’, which takes place as a 
secondary result of the Dehydration of Qrystallised Alum by Heaty see Naumann 

(p. 66). ■ 

Oih the Decomposition of Ammonium salts Aqueous Solution alone, and when 
mixed unth other salts, as the Chlorides or Nitrates of Potassium, Sodium, and Barium, 
see Dibbits (p. 75), 

Cbemlcal Bquillbrlum between Sydrogen and Oaeeoue Zodine* 

The comjitions of chemical equilibrium between these elements have boon investi^ted 
by O. Lemoino (Ann. Chim. Phys. [0], xii. J46-253), with the view of determining 
the manner in which chemical combination *^n gaseous systems is afibetod by heat, 
by pressure, by the action of masses, by porous bodies, and by light. The combina- 
tion of hydrogen and iodino-vaju»ur is especially atlapted for the study of these phe- 
nomena, us it exhibits their greatest degree of simplicity, the two elements 

being monatomic, and combining together in the gaseous state, and the combination not 
being attended with any very energetic thermal phenomena. The general result of 
the investigation is to show that the resolution of hydriodic acid into its elements 
takes place at the same temperature a^. the combination of hydrogen with gaseous 
iodine, but that, in a limited space, neither of those reactions is ever complete, and 
that they balance one another in such a manner that the same chemical equilibrium is 
tiUI mutely attained whatever may be the point of departure ; in other wo^s, that the 
plieiiomonon is one of dissociation. 

Influence of Heat and of Pressure. — The rrtpyity of the action varies with tempe- 
rature and pressure between very wide limits, especially with difierences of tempera- 
ture. At 440''* equilibrium is nearly attaine<l in an hour ; at SSO'* it is not complete 
for several days ; and at 265'’ the time required for its attainment must bo reckoned 
by months. The decomposition of hydriodic acid at this last temperature is perhaps 
the slowest that has been observed in mineral chemistry, and this result is doubtless 
to bo attributed to the small intensity of the heat-pffoct produced by the union of 
hydrogen and gaseous iodine. 

Th|? acceleration of cliomical action by boat is well known as a gonoral fact. 
Etherification, for example, takes years to complete at ordinal^ temperatures, whereas 
it takes place very quickly at 200*^ ; and the allotropic modificatiou of phosphorus is 
proilucea more rapidly as the tompemturo is higher. 

The rapidity of the coml>iiiation is likewise affected by pressure, a state of equili- 
brium being much more q^vickly attained when the gases are under strong pressure, 
that is to say, when their molecules a^e brought within very short distances of each 
oilier ; in rarefied gi\scotis s^’stems, on the contrar 3 *. the establishment of equilibrium 
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18 much slower, since the molecules of the two gases, Ix^ing very far removed from 
one another, liave much fewer clumces of meeting so as to proiluce combifShtion. 

The magnitude of the limit of combination of hydrogen ^nd iodine-vapour is con- 
siderably affected by temperature, but not much by pressure. The higher the teinpo- 
rature, the greater is the proportion t>f hydrio*lic acid decomposwl. This result is in 
accordance with those obtained in mobt cases of dissociation, as in that of amylene 
hydrobjomide (Wurtz, Compt. r^ntT, lx. 720) ; of phosphorus i>eiitachloride (Caluiurs, 
lAid. xxi. 025 ; Ixiii. 144 ; Wanklyn a. Itobiiison, Ivi. 195, 822 ; II. BeviU*^, iW* 
Ixii. 1157): and of the compound which Friedel obtaiiiKl in endeavouring to combine 
hydrochloric acid with methyl oxide (BuU. Soc. Chim. [2|, xix. 451). 

The variations in tlio limit produoeil by pressure are very smiUl, though at a tem- 
perature of 440“ they are perceptible. Under strong pressuru the combination of 
ic^ine and hydrogen is somewhat more complete than when the gases are very much 
diluted; and the same is found to bo the case in the combination of hydrochloric acid 
and methyl oxide studied by Friodol. In the etherification of gaseotLS Inalios also, 
the proportion of acid ctheriiiod is greater under high than under low preasurea 
(Herthefot, Ann, Ch. Phys. [3], Ixviii. 239). 

Influence of Mass. — When one of the eloinonts is in excess of its cipiivuUmt propor- 
tion, it is still found that a definite stnteof equilibrium is arrivtxlat, and nnmi rapidly 
than when the two elements are in equivalent proportions, and tliat the whole of the 
possible hydriodic acid is never forme<l, however groat tlio excess of ono of the 
elements. As the proportion of iodine present to the hydrikgen |>re.sent gnidually in- 
creases, the quantity of hydriiKiic acid formed iiicreiises also grivdually, witluoit any 
siKldcri change.s in value. T)ii> cflTects of pressurt^ are very slight, but still in the 
same direction as i»cfoix*. 

Action of Poroiut Bodies . — Those seem to act only by bringing the molecules closer 
together, and therefore, as is tho case with high pressures, they lessen tholiino of 
attaining a state of equilibrium, but do not sensibly ixMrr the proj>ortioiis in that state. 

Action rf Oxygen,- Oxygen deoom|s.»»es byJricKlic acid, either gaseous or in solu- 
tion, at ordinary temperatures, though tho aciiori is very sh)w. 

Action of Siinliyfd . — A solution of liy»lrio<lio aciil is not allcctid by sunlight, nor 
does a mixture of iodine and bydrr gen c.'unbine sensiMy undt-r its infiueiice. On the 
other hand, gaseous liydricHlic aeid i.** dce«*in|H>sed by hiiniight, and since there is no 
inverse tendency to recombine by the Motion <d* ligiji, tho iitM t/riqxmition is probably 
uiiHmited. In one cafK’, ly exposure of a bulb tilb .1 with tlie vapour full dayliglit 
for a summer month, HU per cent, of the acid wvis decomposed. 

Tho great power of light to overthrow a inolecular struct urc, which is desiruyiMl 
but slowly and partially by heat, is very r* niarkable. The difference ariMCH doubtless 
fn>m tho fact, that in tho chmi of light tho bO'ly is Mubmiited exclusively to a decom- 
posing action, whereas in tho catHo of .\ieat alone tlicro iir« two opposing influences 
acting simnltaneously. one tcrnliiig Ot d*H’om|rt^8t«, ami the other U> reprtKluce tho com- 
bination, the fomuT of these o|n>osit»f forces Isopg heat, and tho latter chemical 
affinity, meaning l>y that term the aggn-gate of tend to effect tho re- 

combination of dis.similar atoms. 

BKotnml Xeplaoement of Baloifen Blemoats. Bromine does not net 
upon the anliytlrous chlorides of c.-ilcium, ba/iuni, aTi<i stnintium, at tempenitures 
below 200 \ and the quantity of rhlorino repliic«*d by bromine depends chiefly on tho 
temperature. From barium chlorifie, from fl to 90 |>er cent, chloririo is oxi>eI](Ml 
between 250^ and a red heat, 'the time of action and the quantity of bF^mine pn-sent 
appear to exert no great inflmaice. When bromine aels f)H a mixture of tho three 
chmrides above mentionesl, the quaiiiity of chlorir.o replaced is greater tho higher tho 
atomic weight of the corresponding (A. Potilizin, JJnit, Chem. Ges. /fer. vii. 738). 

Mercuric chloride heatetl for hjx hours in a fs.-aled tiiljo to 250'^ with water and 
iodine ia for tho moat part doc<>fnjx»He<l ; wercuric tiromidc is not aitackixl by bidino 
either with or without water. On auric and pUifinic chloride^ as well aa on s<dutiouN 
of paMadwue chloride, iodine acta after some timo even at ordiniiry temperatures. 
When arsenious chloride and undine, Ixith diy. are hcafiod together in a tube to 1 00'^, 
fine red crystals separate on cooling, probably consisting of a compound of arse- 
nious chloride with iodine chloride. Antimony pmtachl^ide, heated with iodine to 
100^ in a s^ed tube, yields black crystals containing chlorine and iodine, together 
with antimony (F. Gramp, ^hut, 1723). 

The following taVde, constmetwi from the experiments by O, Oustavson {Ann. 
Chim. Phys. [5], ii. 200), gives tho mean values in percentages of the doable decom- 
position which takes plaw, when the several pairs of bodies mentioned am heated to- 
gether in sealed tubes to 150^-200^. The numbers in bwkete are not the resulU of 
direct experiment, but are calcnlated from the result of the inverse reaction : 
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Mixture. Mean Value of Reaction. Mixture. Mean value of Beaotion. 

4BC1» + 3CBr« . 1012; (10-20) TiBr< + CCl* . (66-39) 

4BBr* + 3CC1* , i 89*97 ^ 4AsCl»^+ 3CBr< . 71*78 

B\C[* + CBr^ . 12-46 4AsBr» + 3CCl< . 28*91 

SiBH ^ CGh . (87*64^ SnCl* + CBr* . 07*52 

TiCl^ + CBr* . 43-61 SnBr^ + CCP . 22*16 

These numbers lead to the following conclusions : The higher the atomic weight 
of the element (B, Si, Ti, As, Sn) united with chlorine, the more will the chlorine he 
replaced hy the bromine of the carl>on tetrabromide ; and the higher the atomic 
weight of the element united with bromine, the less wdll that bromine be replaced by 
the chlorine of carbon tetmehlorido. 

Itelatlons of AlBnlty in ttie Imperfect Combnetlon of Gasoe and 
Gaseous Mixtures. Bunsen, from experiments on the amounts of hydrogen 
and carbon monoxide, which arc burnt when mixtures of these gases are detonated 
with quantities of oxygen less than sufficient for thoir complete combustion, was led 
to conclude that the proportion by rolumo of the products (watcr-rapour and carbon 
dioxide) formed in this imperfect combustion, may always bo expressed by small 
whole numbers, and that, consequently, while the proportion of hydrogen in the 
original mixture is increased continuously, the proportion of the products of combus- 
tion alters by definite increments or sudden leaps (see Chrmicai. Affinity, i. 860). 

Similar experiments have since been made by E. v. Moyer («/l pr. Cheifiu x. 273 ; 
xiii. 121 ; Chem. Soo. . 7 . 1876, ii. 40), who regards the results as decidedly confirma- 
tory of those obtained by Bunsen. Ilorstmann, on the other hand {T>eut. Chem. Ges. 
her. X. 1626), is of opinion that Bunsen’s experiments were too few in number to 
estaVdish the conclusion based upon thorn, and that the results of v. Meyers experi- 
ments are not sufficiently definite to have any real bearing on the question. From 
bis own experiments ITorstmann infers that the variation in the proportion of water 
to carbon dioxide, formed under the circumstances above mentioned, is not inter- 
mittent but continuous. 

1 . Vo7i E.rperime.n is. 

The following tables contain the results of a series of experiments on the imperfect 
combustion of mixtures of carbon monoxide and hydrogen with oxygen or nitrogen 
monoxide, and on the influence of jiitrogen and of narrow tubes on the combustion of 
mixtures of CO and IT. The * coefficient of affinity' in the last column expresses the 
ratio between the affinities of equal volumes, and therefore also of equal numbers of 
molcjcules, of IT and CO for O, or the proportion in which the affinity of 1 vol. CO for 
O is surpa.«ed by that of an equal volume of hydrogen. 


Nnmhor 

of 

fjxperi- 

uient 

100 vol. mixture contain 

H (5tr ' 

Oxynen 
^ employed for 
100 vol. 
mixture 

O. referred to 
quantity re- 
quired for 
oompluto conj- 
buKtioii:=l 

Burnt H 
burnt CO 

Coefficient of j 
Affinity i 

i 





‘’31-95 

0*6390 

2 : 1 

2-0 . 

1- 

h 

5()() 

50-0 

17*75 

0-.3550 

3 : 1 

3-0 1 



1 

1 

19-75 

0-38.50 

3 ; 1 

30 


ra 



11-80 

0*2360 

3 : 1 

2*93 ' 


b 

50 6 

49*4 

151 5 

0-3030 

3 : 1 

2*93 

2- 




wihk 





c 

1-024 

1 

1 32-30 ] 

1 0*6460 

2 : 1 1 

1-953 





20*18 1 

1 0-4036 

3; 1 

2*93 





with N*0 











s 

ta 

57*76 

42*25 

30*90 

0*6180 

3 : 1 

2*19 


ib 

1*367 

1 

22*76 

0-4552 

4 : i 

2*93 

A 


67*36 

32*65 

35-00 

0*7180 

4 : 1 

1-94 

4 ; 

[b 

2*063 

1 

20*73 

0-4146 

6 ; 1 

2-01 



67*70 

1 32-30 

34-05 

0-6810 

9 ; 2 

2-06 

® 1 

\b 

2096 

: 1 

14-35 

0-2870 

7 : 1 

2*34 

Ak J 

f 

76*8 

24-;? 

10-76 

0*2150 

10 : 1 

3-195 


[ 

3-132 

1 : 







IMPBBPECT COMBUSTION OF GASES. 481 


Xnmber 
i of 1 

. 1 

100 to), mixtnre contain 

0*7ifcn 
employed for i 

O. referred to 
cHhantity rf> 
qnirpd fur 
complete com- 

biuttonsrl 

e, 

Bnmt H : 

Ooefficlent of 

j <*xperi- 
; mcnt 

} 


CO 

lOu vt>!. 
mlitttxe 

burnt CO 

AIBultj 


81*89 

' 1811 

10*86 1 

1 0-2170 

14 : 1 

3*006 

1 

4S22 

; 1 


1 



M 

82-26 1 

1 17-74 

10-34 

0*2068 

14 : 1 

3*018 

4'G4 

: i 1 





0 * 

8.6-11 1 

14-89 

8-94 

0-1788 

19 ; 1 

3*3245 


5718 ; 

! 

: 1 

■ 

with 

N=*0 



; io{ 

i 

370 1 

1 : 

r >3 0 

1 -702 

20- 1 1 

0'4(r2 

3 : 2 

2-55 




1 

24*6 1 

0*492 

3 ; 1 

2*05 

; llU 

2n-8 

732 

13 85 

0*277 

1 : 1 

2*75 

( c 

1 ; 

2-702 

12-26 ( 

I 

0 245 

1 : 1 

2*75 


25-45 1 

74*55 

35*85 j 

1 0-717 

1:2 

1*47 

1 ; 

2-93 

i 8-55 ! 

1 0-171 

4:5 

2 36 

' r" 

1 


1 39-50 

0-790 

2:5 

1*26 

13 A 

2415 ; 

75-85 

: 28-30 

O-5C0 

1:2 

1*572 

ir 

1 : 

3-141 i 

1 960 

1 0-192 

4:5 

2*51 

[ 


II. Kjrp^^irmnU on the Infiuencr of Nitrogen, 


N’lmilicr 

nt 

cxpcri- 
, nient 

l^Xt vi»l, mix 

tnre contain 

CH) 

• 

Oxyjrcn 
cmployei! for 
Jtai mixture 

NilTONim 
ctiirl«nc»l for 

Burnt n ; 
burnt cx) 

Corfficlene of 
Afllnlty 
(tlmr of 
CO«ll 


52 05 

47-3& 

28-0 



5 : 2 

2*302 


1-086 

1 

28-0 

1340 

5 : 1 

1-8417 

1 ^ f ^ 

' 58-65 1 

41*35 j 

1 18 35 

— 

9 : 2 

3*17 

j 

j 1-419 ; 

1 I 

1 8*35 

114*96 

3 ; 1 

2*114 

-1 f 

i 67*10 1 

32-90 

18-75 


7 : 1 

3*431 

’^{5 1 

1 2-04 

1 1 

18-75 ! 

lOQjiPwT' 

9 : 2 

2 206 

1 ffl ! 

67*70 

32*30 

2'’35 1 

— 

7 : 1 

3*340 

; (b j 

2-096 ; 

1 

21*20 j 

79-8 

0:1 1 

2-863 


III, E.rperivipnf^ on the Jnfinenee of Narroir Tubes, 


Number of 
experiment 

ino vf>l. mixture (xiqlAin | Oxysren j Nitrogen j 
1 { employed for - empbiTed for 

H CO , 1(W mixture ? lw»(H<f-0) ! 

i I 1 ^ 

Bnmt H : 
tjiimt CO 

CoefBelenI 
of Ainnity 


6^-0 


36-6 

Cb 

s 

21-0 

6 : 1 

3*428 

u 

1-777 


1 

j 

12-5 

13 ; 2 

3*714 j 


50-57 


43-43 

19-73 *! 

20 and 21 | 

10 : 3 

2-638 I 


1*303 


1 

; 

6-f, j 

4 ; l 

3-070 j 


44-6.'> 


455 35 

16-27 

20-0 

9 : 4 

2*79 

^ H and e ' 



1-24 

— 

s-o i 

9 : 4 

2^79 

f,. ( ft and b , 

1 39-48 


! 60-63 i 

1895 

20-0 ! 

s : 5 

2*452 

ie 

1 1 

: 1-553 

t — 

,90 j 

2 : 1 

3*066 



432 


CHEMICAL ACTION. 


In all cas^ the result^ of the^e experiments are in accordance with the law laid 
down by Bunsen (i. 860) that the ^hurnt portions of f\ gaseous mixture are to one 
another in atomic, or ratlAjr in moleculu proportion. The same law holds good 
when nitrous oxide is used insteiid of oxygen, as well as under circumstances which* 
exert a modifying influence on the affinities of hydrogen and carbonic oxide, namely 
when the gascx>us mixture is diluted with nitrogen, ^nd when it is burned in narrow 
tubes. It must bo observod, however, that besides the simpler ratios 1:1, 1:2, 
1:3, 1': 4, &c. more complex ratios likemse occur, such as 5 : 2, 9 : 2, 5 ; 4, 5 : 8, 
10 : 3, &c. 

In the combustion of constant mixtures of carbonic oxide and hydrogen with 
varying quantities of oxygen (in wide eudiometers) the coefficients of affinity attain 
their maximum when the quantity of oxygen used is as small as possible, so that the 
mixture approaches to the limit of inflammability. For gaseous mixtures in which 
the volume of hydrogen is equal to or greater than that of the carbonic oxide (H : OO 
varying between 1 : 1 and 5*718 to 1) the maximum values of the coefficients of 
affinity vary between 2*98 and 3*43, the mean of all the determinations being 3*14. 
In mixtures containing more carbonic oxide than hydrogen, tlie maximum values fall 
below 8 ; the extreme limits are 2*75 and 2*35 ; the mean of the experiments 
10 to 13 is 2*64. 

On account of the discontinuous alteration of the burning gases, it is impossible 
to obtain absolutely constant values of the coefficients of affinity : the relative con- 
stancy of these coefficients is therefore remarkable. Experiments 1 to 13 show that, 
with increase of hydrogen, the ratio of the affinities of H and CO remains the same, 
whereas with increase of carbonic oxide, a decided strengthening of the affinity of 
tills gas for oxygen becomes perceptible. With increasing quantities of oxygen also, 
there is a distinct tendency to a diminution of the coefficients of affinity when the 
carbonic oxide is in excess, as appears from consideration of the experiments made 
with approximately equal quantities of oxygen. [See in the tables and 10), (Ic, 
15a and ICa), (4a and 12a), (25 and 11c), (135 and 14a)]. With increased oxygen, 
the coefficients of affinity by jerks, and approach to a minimum. The 

original proportion of H ; CO seems never to bo reached, since the hydrogen, in con- 
sequouce of its ^oater affinity for oxygon, is completely burnt, even when some carbonic 
oxide still remains over. 

The admixture of ’Nitrog&n^ an pidijferent gas which takes no part in the combustion, 
influences this process in such a mapucr that the^ affinity of the hydrogen for oxygen 
is weakened, while that of the carbonic oxide is increased in a corresponding degree. 
Tins action is particularly strong when, in the combustion of the mixture wit/iout 
addition of nitrogen, tlio coofficiout of affinity is nearest to its maximum. Thus the 
coefficient 3*431 (oxp. 16a) is reduced to 2*206 (exp. 165), whilst in experiments 16a 
and 5 a relatively larger quantity of nitrogen^ gives rise to a diminution of the 
coefficient from 2*302 to 1*8477- The influence ot‘ the nitrogen is similar in its effect 
to that of the carbonic oxide, but not comparable therewith, since the latter, by its 
partial combination w ith oxygon, takes part in the reaction. 

When similarly conlpoM:^it^ixturos of CO, H and O are detonated, first in wide 
and then in narrow tubes, the experiments for the most part exhibit different results 
in the two cases, the comhuslion in the narrow tube exhibiting an increase of affinity 
of the hydrogen and a <]iminution of tlflit of the carbonic oxide. These experiments 
lead to the following important consequence*: The changes of affinity produced, on the 
one hand, by addition of nitrogen, and on the other by combustion in narrow tubes, 
cannot be attributed — or at most in a very small degree only — to differences of 
temperature, since in both cases tlio teipperatures ait altered in the same sense, 
while the affinities are altered in the opposite sense. To explain the influence 
exerted upon affinity in narrow tubes, Meyer is olVmnion that the principal factor to 
be taken into account is the frictiofi of the gases. When this friction is increased, as 
when the combustion takes place in narrow tubes, the affinity of the hydrogen is for 
the most part inei*e;\sod, but never diminished. 

2. JIorstmann*s Experiments, 

f 

Horstmann, as already observed (p. 430), takes a view of the restdts of the 
imperfect ‘combustion of gaseous mixtures very different from that of v. Meyer, as 
detiiiled in the preceding pages. The main results of his investigations are summarised 
as follows : — 

1, When carbon monoxide is detonated with increasing quantities of water- 
gas, as in Bunsen’s experiments, the proportion of water^vapour to carbon dioxide 
in pflcoducta increasftH ccm^i.tnoas^^. Whilst the proportion of hydrogen to cartoon 
oxide increases from 0*25 : 1 to 2*33 ; 1. qr, in other w'ords, whilst from 20 to 70 per 
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cent, of the eombufitible gaeet is burnt, the proportion of the produjU (I1H> : CO- j 
Tories 0*8 : 1 to 4-6 : If • ^ 

2. When n nixtare of hydrogen and carbon oxide » detonated with inoreasin^r 
quantities of oxygfen, as in v. Me^r*s experiments, water-vapour and carbon dioxide 
are likewise formed in continuousfy increasing proportions. 

The division of oxygen between tlie two combustible gasee does not, therefbre, 
take place in the manner supposed by Bunsen. 

3. With moist gases less hydrpgra and more carbon oxide ore burnt than when 
the gases are dry. On the other hand, when carbon dioxide is present in the mixtun' 
before detonation, more hydre^n and less' carbon oxide are burnt. |^In the latter 
c^e some carbon dioxide would moet probably l>e retiuced by hytlrogen in the detona- 
tion, and the proportion of carbon oxide burnt would, consequently, appear to l>e less.] 

4. In experiments with mixtures of hydrogen and carbon oxide, tlie proportion of 
the products of combustion (H*0 : CO*) varies in a peculinr manner. With increasing 
quantities of oxygen, this proixirtion increases at first, attains a maximum when 
30-35 per cent, of the combustiblft gas is burnt, and then gradually decrciises towarils 
the limit that would be reached if Uio whole of the gases wuro burnt, t.r., towards the 
proportion of hydrrigen and airlxm oxide before detonation. Thus, for instance, in a 
mixture of hydrogen and carbon oxide containing 5rii |>t.<ir cent, of liydr«vtt'*t)* ^he pro- 
portions of tlie products were sucx'cKsivcly 3'83, 4*09, 4*18, 3*08. 2'80, an<l 2 09 r 1, 
when the amounts of the gases burnt were respectively 21'7i 20*1, 34*9, 41 'Tt 5S 9, 
and 66*2 cent, of the whole. 

5. The law tu*c<.nding to which the oxygen is divided between the ctimbustible 
gases may l>e expressed thus : — The proportion of the resulting water-vapour to the 
resulting carl>on dioxide is equal to the projportion of the unburnt hydnigim to Uie 
unburnt carlxm oxide, multiplied by a co-efiiciont of affinity which is inde{>end6nt of 
the proportion of the combustible gases, but varies with the relative quantities 
of oxygen added. Tliis ooofficictit of affinity varies, acconling to llorstmann, between 
4*0 and 6*4 when between 20 and 70 per cent, of the combuNtible gases is burnt, the 
maximum coefficient coinciding with the combustion of *,30-40 {>er cent, of the gases. 
In other words, the proportion of water-va|wtg* to carbon dioxide was found to l>o 
from 4*0 to 6*4 times as great ss the proportion of hydrogen to carbon oxide in tb<V. 
residue nnbumt. Uoiice, relatively more hydrogen tmiri cjirboti oxide is burnt in all 
cases : the affinity of oxygen for liydrogen is greater than for carbon oxide. 

6. The variability in the coefficient of afiflnit|r is duii to the circumstance that the 
physical conditions of the reaction vaiy with the relative quantit ies of oxygen present. 
With equal quantities of oxygon the coefficient remains cxiustant, not only when (be 
proportion of hydrogen to carbon oxide is altered, but also when the iinconsumtxl 
portion of the combustible gases is replaced, partially or entirely, by an indifferent 
gas of similar physical character, ajjph '-s nitrogen, although the proportion of uiiburnt 
gases to the products of combustion varies in lx»th cases. 



&«lAtioiia of JLMwkity in Uio olow osidsitloii of Hjrdroffoa stall Carltonlo 
axldo By moono of Flattnom (y. A(pycr, J. yr, Cht7n. [2], xiii. 121 ; xiv. 124). 
Tha presence of carV>onic oxide in mixturt'^ of hydrogen and oxygen does not pre- 
vent but merely weakens the action of platinum. The greater the proportion of 
carbonic oxide pri^sent, the Iqpgcr is the time roquirecl to bring the oxygen into a 
state of activity. The carbon monoxide is' first, converted into dioxide, and the union 
of hydrogen with oxygen in comM^ively large quantity begins only when there is 
but a small quantity of carbon ot^ remaining to be burnt. 

The relative quantities of the two gases which are oxidised do not vary continuously 
but, as in the case of oxidation by explosion, discontinuously or by bounds, and in 
such a manner that the quantitic^s of water and (vtrlx»n dioxide formed in definite 
intervals of time, and therefore also the corresponding quantities of hydrogen and 
carbon monoxide, are to one another in simple molecular propoil.ions. 

The experiments on conillfistion by explosion show that when a mixture of l^rogen 
and carbonic oxide is exploiied with an insufficient quantity of oxygen, the>anstty of 
hydrogen for oxygen is on the average 3*14 greater than that of carbonic oxide ; in 
the slow oxidation by the agency of platinum, on the contrary, the affinity of carlionic 
oxide for oxygen is found to exceed that of hydrogen in proportions ranging from 
7*06 to 7*75 ; consequently the affinity of carbonic oxide for oxygen in the process of 
slow oxidation through the intervention of platiriun% is from 22*2 to 24*3 timss as 
great as the affinity of the same gas for oxygen when the oxidation tak #*0 place Ijj 
explosion. * 

rt.. 3 
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With a givef proportion of hydrogen to carbonic oxide, the affinity of the latter 
for oxygen \s diminiehed when the quantity of oxygen % increased. This is shown 
by the following results of experiment : — 


n 

CO 

O 

Coeff. of 




Affinity. 

|100 

20*05 

38*0^ 

3*90 

tioo 

26*05 

69*0 

3-10 

r 100 

47-6 

49*65 

6*30 

t 100 

47*6 

127*7 

4*21 

The proportion of carbonic oxide 

to hydrogen appears (within certain limits) to 

exert less influence on tho 

relative affinitio.s of the two gases 

for oxygen ; thus in the 

following experiments in 

which the 

ratio H : O is nearly constant while that of 

H : CO varies, it will be seen th&t tho coefficient of affinity varies but little : — 

n 

CO 

O 

Coeff. of 




Affinity. 

100 

42 54 

22-14 

7*06 

100 

5200 

27 20 

7*70 

100 

64*50 

23*27 

7*75 


On the other hand, con8ideraV>lo alterations in the relatiro affinities nro producotl 
by purely mechanical causes, as, for example, by the addition to the mixture of an 
indifferent gas, such as nitrogen, which in the case of slow combustion by means of 
platinum, as W'ell as in that of rapid combustion by explosion, increases the affinity 
of carbonic oxide, and diminishes that of hydrogen for oxygen, ^'ho oxidation of the 
carbonic oxide is also favoured hy the continual removal of the carbonic anhydride 
produced. 

The affinity of hydrogen for oxygen in comparison with that of carbonic oxide is 
increased by elevation of tfmperatur»‘, and in this case alst> discontinuously, the law 
of oxidation in molecular proportions (of the prcslucts t>f combustion), holding good 
for high as well as for lower.- tomperaturos. This is seen in the following experi- 


mental results : - 








Tempomttiro 

Cooffleirnt of 

n 

< o 

o 

of Ucnction. 

Affinity (ir=l), 

/lOO 

4a(jr> 

48 10 

12 ^ 

7*05 

tlOO 

43*65 

• 48*40 

80'- 90'' 

3 83 

f 100 

64*50 

23 27 

4-5^ 

7'7i> 

UOO 

6t*50 

23 27 

100"* 

3* 10 

1 100 

70*60 

20 65 

7'* 

9-90 

1 10(1 

70 00 

29 65 

90° 

7*80 


To explain the oxidation of carbonic oxide beh>re the hydr»»gen in these gaseous 
mixtures, v. Moyer supposes that cyirlxinic oxide is more strongly attracted than 
hydrogen by the molecule^of the Vi*^tinum, an atmosphere of carbonic oxide being 
thus formed round these imWIPiWlcs, which to a certain extent prevents the hydrogen 
from coming in contact with them. Elevation of temperature may bo supposed tt» 
loosen the attachment of the atmosphere of carbonic oxide to the platinum molecules, 
and at the samb time to accelerate the hiovoment of all the gaseous molecules iu the 
mixture, thereby bringing the hydrogen amWixygcn mare freely into contact with the 
platinum, and iticronsing the relative proportion of the hytlrogon oxidi.sed. The 
presence of an Kidiflforent gas like nitrogen, on the other hand, may bo suppled to 
interfere with the access of the hydrogen jnolocules to the platinum, whoroiis it doe.s 
not diminish the nttmetion of the platinum for the carbonic oxide; hence it will 
increase the relative affinity of the carbonic oxideTV 

The action of platinum in bringing alx>ut the eomhination of oxygen and hydrogen 
was attributed by Do la Kivo to the formation on the surface of the platinum of a thin 
film of platiiioua or platinkr oxide, which was subsequently roiluceif by the hydrc^eii, 
this oxidation and i^uction l)eing continually repeated, so that the action becomes 
oontinnous, and a small quantity of platinum suffices to induce the combination of 
unlimited quantities of hydrogen anej oxygen. If this w^rc so, the oxides of platinum 
might be expected to act on a mixture of hydrogen and carbonic oxide in the same 
manner as«platinnm itself in presence of oxygen, that is to say, the proportions of the 
two gases caidised would be the same in the one cose as in the other. Such, howr^ver, 
is not the case : for when the oxidation is cflPbotcHl by the agency of platinons or 

E latinic oxide, the coefficient of affinity of the carlHmic oxide, referred to that of 
jalrogen ns unity, is never much greater than l*A and sometimes less than 1, whereas 
when the oxidation is effivtmhhv free oxygen in presence of platinum, I he coefficient 
uf affinity of the rarlxonr oxide i** sometime*! erjual to S or 0. 
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The following table exhibits the results of experiments in which 

yie oxidation was 

^a«avaaa«^u0 

VMVIV 

a 


Original 


Oxidising agdut 


Proportion 

and Duration 

Coefficient 

of tbe Oases. 

JL 

of ttw Aotiou. 

of Affiuity, 

00 

H * 



/lOO 

60*6 

PtO (15 min.) 

0 810 

1 100 

68 G 

1HO(50 mill.) 

0*68(r 

jlfto 

163*4 

PtO ( 1 min.) 

0*614 

liuo 

163*4 

PtO*(240 min). 

1*634 

100 

760 

lTO(OH)* (120 min.) 

1*140 

100 

111*6 

PtO(OH)» (16 hrs.) 

IlOO 

100 

111*6 

PtO(Oir)“ (12 hrs.) 

0*97» 


On comparing these results with those above iletuiled, it is ovident t hat the action 
of oxygen combined with platinum iu the form of either platinuus or platiuic oxide, 
on a mixture of hydrogen and carbonic oxide is totally (litfeiuMit from that of free 
oxygen in presence of metallic platinum, and consequently that De la Hive's view 
of the action of platinum in the latter case, namely, that a film of oxide is first 
formeil on the mettd and thou decuinposo<l, must l>o reganieti as untenable. 

Zmperfect Combuatton of Bydrooarbons (v. Moyer, J, pr, Chem, [21. 
xiii. 121). When the incoinpleto combustion of the compounds CH*, C'll*, C-'H*, 0*11* 
and (CH*)'''0 yields cmly gaseous products, there is ii tendency to the establishment 
of a mcdetmlar proportion between these products, exproHsibl© in whole numbers. If 
the quantities of oxygen are regulated ho as to be at least sutheiont to convert the whole 
of the ciirbon of the compound into monoxide, but not suflicieut to oxidise the hydro- 
gen, then it is possible to distinguish tliree portions, a, /i, 7 , of the gas in question, 
which stand to one another in more or loss simple numoricnl relations, a is the pt)r- 
tion which ie coinpleUdy burnt to CO'^ and thAt which is burnt CO and 

H*0 ; 7 the residue in which the oxiditJon i^tops short at the formation of CO, the 
hydrogen not being ]ittacke<]. Whetiier the combustion process takes place by sue . 
cossive stiiges, possibly in such a manner that the hydrocarbon is first oxidised to 
CO, with separation of hydrogen, and that this mixture is then {mrtially oxidised, 
cannot bo detomiinod. But the experiments Snow tliat the e^irboii cumluned with 
the hydrogen before the explosion exhibits a stnuig Umdency to lay hoUl of the 
oxygon to form CO, and this tendency is further shown by the following obscrvaiioiiH. 
This powerful affinity of carbon for oxygen makes itself felt indot^, even uutler 
the most unfa vourabb^ conditions, 'vyrith a large excess of hydrogen and small quan- 
tities of oxygen. As as thtr first stage of oxidation is reached, the partially 

saturated affinity of the carbon iu the carbonic oxide gives place V* that of tho 
hydrogen. An increase of oxygen exerts its in/lucnce in such a manner that 
increases while 7 proportionately dimitiisfies ; 7 dis^^S^ifrs first., /9 mi the occurrence 
of complete combustioj: , ' ; 

When hydrocarlsjus mixed with hydrogen are oxplmlrx] W'ith insufficient quiuititios 
of oxygen, molecular regularities are likewise oxhi luted in the profsjriioris of the prrt- 
ducts of combustion. The question as to how much free Itydrogeri has taken jiart in 
the combustion must, however, remain undecided. The influence of this iVco hydrogen 
is show'o in the dccrcas' of a, and the considerable increase of 0. 

The prestuice of #ppejirs to alter the proportion a : 0 : y. 

On InJtamnwbUiiv of Htfdro^rbonn, and //*c pnKrnsft which lake place in On 
most imperfect Comhmtwns. — Th^ allowing table shows the cr>m|>ositiuri of inflairi- 
mable and non-inflammable mixtures of hydrr»cfirlsins and oxygen, also of certain 
hydrocarbons with detonating gas. 
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Infiammuhility of Hydrocarbons. 




e ! 

• ; 

Quantity of O. em- 



Volume of 
oombiiHilblc gas. 

Oxygen 

employed 

ployed, referred to 
that required for 
complete combus- 





tion^takcii us =1 , 



1 1 vol. CH^ * 

.0-826 

0-4125 

not inflammable 

1 

f If If 

0-876 

0-4380 

inflammable 


j 1 vol. C*H« 

0-968 

0-2766 

not inflammable ! 

2 - 

1 If 1* 

1007 

0-2877 

inflammable 


f i vol. C"H® + h vol. 11. 

0*722 

0-3610 

not inflammable 

1 

' II If It 

0-796 

0-3980 

inflammable 

1 4J 

1 1 vol. (CII»)»0 

1-066 

0-3017 

not inflammable 


' If f» 

1-366 

0-3870 

inflammable 

1 K J 

1 vol. cm* 

0*533 

0-1777 

not inflammable 

i ®1 

ft If 

0-637 

0-2123 

inflammable 

i 

' 1 vol. C-'H- 

0-184 

0*0736 

not inflammable 1 

^ If f> 

0-2286 

0-0914 

inflammable | 


^lixfures of 1)cfo7tnti‘nff Gas with or CH^. 


Volume of 
combustible gas 

Oxygon 

employed 

Quantity of O. em-, 
ployed, referred to - 
that required for . 
complete combus* 1 
tion , taken us == l | 

' . 

- . 1 Tol. 0»H‘ + 3-920 vol. H 
' U vol. C“H» + 3-092 vol. II 

a , 1 vol. 0»H‘ + 2-448 vol. H . 

“ 1 1 vol. C=U* + 2-794 vol. H 

• 1-9G3 
1*996 • 

1-224 

1 1-397 

0-3596 

0-3632 

0-290 

0-318 

not inflammable 
inflammable 

not inflammable 
inflammable 


The most important results of these experimentB may be summarised as follows. 
In the detonation of ethylono and acetyleuo with quantities of oxygon not suill' 
cient to convert the whole of the carbon into ciwbouic oxide, the whole of the oxygen 
is consumed in the formation of that compound. \If the combustion of etliylene under 
these circumstaucDB is attended with separation of carbon, a quantity of the nascent 
carbonic oxide, increasing us the oxygen decreases, unites with an equal volume of 
ethylene to form a c r o 1 o i il ^gco rding to the equation CO + C"iI^ = C*H'0. The car- 
bonic oxide, formed under smilBir cc:>ndilions in the combustion of acetylene, does not 
possess the power of uniting in a siinilar manner with that hydrocarbon, but remains 
unaltered in live gas. In the eases of, ethane, me than e, and methyl oxide, it 
cannot be decidedly proved that the whole of the oxygen is employed in the oxidation 
of the carbon, since the higher limits of iifhammability of these mixtures allow the 
combustion to gi) furtlior. 

The limits of inflammabilitv of mixtures of hydrocarbons with oxygen depend 
upon the heat-phenomena which take place in the resollition of the hydrocarbons into 
carbon and hydrogen, and in such a manner that;^e limit is highest for that hydro- 
carbon (viz. methane), which, in separating into nil components, absorbs the groatest 
quantity of heat, and lowest for that one (acetylene), the decomposition of mich is 
attended with the greatest evolution of heat. The liydrocarbons, whose limits of in- 
flammability lie between those determined for methane and acetylene must, therefore, 
when resolved into^ their constituents, evolve or absorb quantities of heat which, 
according to their inflammability, lie between the values determined for these two 
hydrocarbons. The behaviour of etliylene is in accordance with this law. 

OXniKY*3Ei<AbinUBXi OX&. The essential oil of the common-laurel ( Cerasus 
Laf$rocera*us) consists of benzoic aldehyde, hydrocyanic acid (leas than 2 per cmt.), a 
volatile oil| possibly benzyl alcohol, convertible by oxidation into benzoic iwid, 

and minute quantities of an odorous rosin (W. A. Tilden, Pharm, J, Trans. [3], 
V, 761). 

* To render the values of the Beyond column fm: OH*, as well as for lulxtuns of equal volumefi of 
C*n* and K, o«>inpftrahle with tin* inp«t. it. necowary to start from 2 vols of thew* gases ; rgr. 2 vols. 
CM* re<piiro l‘Tr»*> vol. O to n'ltiler ti\e ga« iiillamiuablo. dtc. 
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OBB88Y&ZXS. Tricuprio Orihocarhonate^ Cu*H*(COy — (i. 738). — On pseudo- 
morphs of this mineral af^r Cnprita, see GeinitSi {J<MbueA Mitt, 1877» p« 448 • 
Chem, Soc. J, 1877, i. 697). • % 

CBBSTBI UT*. Ckistanea teeca. — Observations on the in6uenco of the chemical 
composition of tho soil on the growth of this tree have been made by Fliche a. 
Gmndean CAtm, PAya.,[6'|, ii. 354); Chatin {BulL Soc, Botan, 1870, 104) has 

shown that the chestnut naturally disappears from soils containing more th^ 3 per 
cent, of lime. In accordance with this, Fliche n. Omndoau find that on n soil of the 
wood of Champctre containing about 55 per cent, calcium carlwnato, chestnuts will 
not grow ; that on a calcareous soil of the same locality^ containing 3’25 per cent, lime in 
the Hiirfaco soil, and 24*04 percent, in the subsoil, tho growth is very poor and sickly, 
whereas on a silicious soil containing only 0*35 per cent, lime in tho siirfaeo soil and 
2*20 per cent, in the subsoil, it is vigorous. (For tho analyses of theso soils, soc the 
article Pinvs in this volume). 

Analyses of the ash of tho leaves and of the stom .auil branches from trocs grown 
on tho silicioua and on tho calcareous soil gave tho following porcontjigo results. 

The well-grown specimens from tho silicious soil wore taken fhnu a plantation 
aljout twelve years old, and the bjully grown spocimons from tho calcaroous soil from 
ono twenty-tliroo years of jigo. 



lAMlVt*?* 

Wood 


Fruui liili- 

I'Yoin calca- 

From sill- 

From mlea- 


clous soil 

rt'Oiirt soil 

clous soil 

rcous soil 

P'O* 

12-.32 

12*50 

4*53 

4-27 

iSi(F 

5*79 

1*46 

3*08 

1-36 

CaO 

46*37 

74*56 

73*26 

87*30 

Fo-0=* 

1*07 

*83 

2*04 

1*27 

: Mf?o 

6*63 

3*70 

3*99 

2*07 

; K^'O . . . . . 

21*67 

5*76 

11 Oft 

2*69 

Na*0 . . . . , . i 

3*80 

*60 

— j 

•28 

SO* 1 

2*97 

— 


*64 ' 

Cl 1 

1 

*30 

•52 

1*43 j 

•08 

i 

99*98 

99*98 

99*98 j 

99*06 

IVrcffitag** jif ash . . . j 

4*80 

7*«0 

4*74 ! 

6*71 ; 


The perccTJtage of.iRh liuth ia the leaves ami in tho strmjs and branches is greater 
in those plants grown on tin* lime soil, .and in these there is a marko<l increase in tho 
percentage of I inu', and decrease in that of the potsish and also of tho silica. Tho 
p<>rctnt;vgc of iron is also deficient in those grown /tii tho lime soil. Sodium and 
chlorine, wliich are present in the Icy.ves, are ni arS’/\f^ quite absent from tho wood. 

Tho leaves from the Irtics on the lime soil w*6re much smaller, and a microscopical 
examination showf'd that they contained far less starch and chlorophyll tlian those 
from the trees of vigorous gi-owth. 

Mulaguti an«l Dnrochcr (Jn/i, Chim, Vhya, [3], liv. 257) found that several plants 
assimilated much moro lime and much less potash when grown on a calcareous soil, 
and more recently Kothe {^Bot. Zn^it, 1872, 240) has observed the same facts with 
Herniaria glabra. 

CXXCOBY. On llio Dcjta'ztion and Estimation of Chicory in Coffee, see 
CoFFmi. 

OBZUIMarXTa. This mineral from Tavistock (sp. gr. 3*22) has been analysed 
by Church, who assigns to it the formula 7H0.2A1*0*,3P*0*+ 12H*0 (in which 
K«Fe + Mn). 

FeO. MnO. MrO. A1*0*. H*0. O. 

Analysis 26*63 7*74 X 03 15*85 30*65 17*10 0*29 • 99*29 

Calculation 26*67 10*62 — 15*26 31*65 16*00 — « 100 

The 0*29 per cent, oxygen corresponds with the quantity of iron as Fe’O* 

(CAcw. Soc. J. [2], xi. 103). 

CBXWOUXnB, This base is oxidised by potassium |K»rmanganaie to 

Icncolinic acid, (2. u.), and this acid heated with soda-lime yields a dis- 

tillate containing a n i 1 i n o : 

- cm^s + CO* * H*o + c?, 

(iJvWiir, Pr^tc. Boy, Soc. xxrr. 65). ' 
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On the PhyBiological Action of the Chinoline and Pyridine bases, see McKeiidrick 
a. Dewar, Pharni.V. Trans. [3], v, 868 ; CAem. Sac. J. 187fc 1276). 

CBU»jlkC8TiUMZX>B. f See Aostamidb (p. 2). 

OH&OJUkCBTOXrrTBn. See Acbtdnitril (p. 33). 

GKBOBACBTTB-irRSik. See Caiirahiu]£S (p. ^93). 

OBXiOlUliX, CCl*.CHO. Reactions. I. With Bromine. — When bromine and 
chloral, in equJil numbers of molecules, are heated together to 140“ in sealed tubes 
opened frr>in time to time to allow gas to escape, till the bromine has nearly disap- 
peared and only a small quantity of gas is given ofl^ the products obtained are bromo- 
trichloromefliHno, trichlomcetyl bromide, hydrogen bromide, and carbon monoxide, 
formed according to the equations — 

Cf^P.ClTf) + Br'^ -- HBr + CCP.CO.Br 
C(Jl».CHO + iTr- - HBr + CO + CCPBr. 

The profbicts are difhcnlt to separate by distillation. On adding water, th** 
trichlorobroniomothjmo separates out, and tho trichloracotyl bromide is converted into 
trichloracetic acid (Oglialoro, Bent. C/iem. Gcs. Ber, vii. 1461). 

2. With Sulphuric avid, — Tho componiid, C'®1I®C1‘'S’0'*, formed the action of 
sulphuric anhydride on chloral {2nd SuppL 308) may likewise bo obtained by wash- 
ing tho x>roduct of tho action of sulphuric acid on chloral with cold water, and crystal- 
lising the rcsiduo from ether, the reaction being — 

5C“HCl«0 + 3SOW - IPO = C'®H'’CI'»S»0*«. 

This coiTijpound may, with care, be crystallised from warm alcohol. It melts at 
70“, undorgoiiig decomposition at the same time. At 100'’ chloral distils over, 
leaving a residue of sulfthuric acid and chloralidc. It decomposes, by keeping, into 
sulphuric acid and insolublu chloral ; wdLh acetyl chloride it forms a compound, 
which crystallises in small needles, melting at 9‘2 

With fuming sulphuric acid^ chloral yields the compound, C'^H'^Cl'^S’^O'^ 
(Graliowski, Dent. Chem. Gcs. Bdr. vi. 1070). 

3. With Nitrous Anhydride. — When th^s gas is passoil into anhydrous chloral, a 

de«{» grmm solution is funned, which dues not change on standing. At 100'’, however, 
in sealed tubes, a reacti<.m takes place, yielding trichloracetic acid and a small quan- 
tity of cliloropicrin, together with a veiy large quantity of gas (Wallach, Liebig's 
Annalent clxxiii. 274). * 

4. Witli Hydrogen Sulphide. — This gas passed into anhydrous chloral at ordinary 
temperatures forniH chloral sulphydratu (CCi* — CH01t)‘*S, (p. 441). 

ft. CliloPiil hfHitod w'ith phosphorus pcnfasulphidc in sealed tubes to 160”-170^, 
yields — togotlier witli hydrochloric acid and a brt>wn amorphous solid — a liqin\], 
which wlien decanted, distils for the most part betw'oen 84“ and 93-', the temperature, 
however, rising tow'artls the end to 140’, when a yellowish oil passes over, which is 
decomposed by water, w'ith so||amtion oV sulphur, and pn^bably consists of sulphur 
chloricfe. Tlio portion boiling aTr^3 ’, when washed with water and di.stilled in a 
current of st^wim, yields an oily distillate, which, after drying with calcium chloride, 
has a very pleasant odour, boils at 88“, and agrees in other characters, and in compo- 
position with chloracety lone dichlorid*o op trichlorethylono, C*IPC • (2nd 
Suppl. 20). (Piitemo a, Oglialoro, Gazzetia ckithica italiann, iii. 638). 

6. With Acetyl cMoride. — Anhydrous chloral unites directly with acetyl chloride, 
forming the compound C*H<CPO*«= CPC— CHCl— O— which is also produced, 
with rapid evolution of hydrochloric acid, whetr 1 mol. chloral hydrate is treated with 
Hither more than 2 mol. acetyl chloride. Tho reaction is completed by lieating the 
mixture on tho wator-batli, and on pouring the prodifck into water, the compound 
C^H®CPO* separates as a heavy oil, which, when purified in the usual way, boils at 
186” (uimorr.)» ft“d has a density of 1*4761 at (V* Meyer, Deut. Ckcm. Gcs. Ber. 
iii. 446V Acconling to Curie a. Millet {Compt. rctid, Ixxxiii. 746) it boils at 186'’- 
188”, is not sensibly attacked by water at ‘iOO”, but acts violently on pulverised 
potASsinm hydrate, with formation of chloroform, potassium chloride, and potassium 
imetAto. Distilled over sulphuric acid, yields chloral ; ovo^p fused sodium acetate, 
it yields chloral and sodium chloride. Trcxitod with zinc and acetic acid, it exchanges 
2 ut. chlorine Tor 2 at. hydrogen, and is converted into tlie compound C®H*Cl-0'-. 
meUimerto with ethylic dichlomcotafe and diclilorethyJie acetate, which boils witheuf 
decomposition at 146”-148”, and reacts like a compound of monochloraldebyde and 
acetyl chloride. 

7. With Hydrocyanic avid, — When chloral is eohobnlcd for some days in the 
water-bath with liydrocyauic iwij atiil hydnajhloric «c»d, a cloir yellow liquid is 
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obtained* whicii» vhon oTaporated at 100** gives oft hydrocxamc acid, and fioally 
leaves a miiss of sal-ammomAC crystals mlxra vrith a yellow oil. Ou treating ibis 
mass, after cooling, with etb%r, Uie oil is dissolired, an^soparates, on evaporotlns the 
etlior, as a thin syrup which solidiHos on standing, ific product thus obtained is a 
mixture of trichlorolactic acid and chloral cy aiihy dri do, CCl*.CH(OH),CN, 

This addition-product is not formed by the action of an^drous hydrocyanic acid 
on chloral at a moderate heat but is easily prepared by dif^esting a mixture of 

chloral with a concantrated aqueous solution of hydrocynnic acid for several hours, 
and evaporating tho product on the water-bath. The mobile oil which is left solidifies 
on cooUng to a mass of colourless prisms, which may bo rc^idily purified by rocrystal* 
lisation from water. It is very wisily soluble in Jilcohol and ether, and volatilises 
slightly with tho vapour of water, being at tho saiiiu time decomtHisod into chloral 
and hydrocyanic acid. Alkaline solutions <Ninso it to split up into chloroform, formic 
acid, and hydrocyanic acid. It molts at 60°-61®. When digested at 100'* for several 
days w'irh strong hydrochloric acid, it is converted into trichlorolactic acid, 
C*H*CI*0* =» CCl* — CHOH — COOH, melting at (Pinner a, BischotF, 

Anytalen, clxxix. 17*1). 

9. With Mrfht/l ct/aniile or AccionitriL — This i*eaction yields a compound which 
may be regarded a.s the amide of a chlorinated bi!>asic acid, CCl’’ (^1T(CI1*,C0NH*)*. 
its formation Ijoing represented by the following c<)natioiis: 

CCl^.CHO + 2(CH\CN) = H-O + C01*.CH(CH-'.CNP 
CCl*.CH(CH^.CNp + 2IPO CCl*.Cn(CIP.CONll‘T 

(Hiibnor a. SchreiVicr, 1871,712 ; llnbner , (% m. Ges. Ber, 

vi. 100). 

10. With Ctfanfttuidc . — See Cvxnamidk. 

11. With Alhfl alcohol. — See p. fiO. 

12. With //rw-rrec and its deriv.'ifivcs. --Wlien 1 inol. chloral and 2 mol. benzene 
are mixed witli about ibmble tho volume of strong sulphuric acid, di{)honyl*trichlor* 
ethane is formed, acconling to the equation : 

CCl^CHO 4 » 11*0 f CCP.C1I(0'J1>)- 

(Ooldschmirlt, Oaif. Chnn, Oca. her. vi. 985). 

In like manner with mnuchrooui* iumX monovhh>rohen^cnr, chhivnX tormfi the com- 
poniKls C('l\Cir(C*‘HVRr)' and m*.CH(C'*llH^l)*, both of which are crystalline 
(/ioidler, ihiA. vii. 1180); and witli toluene, dimethyl phony 1 trichJorethanc, 
CCl*. CH(C*fPC71")^ M-hich Kcparates fmm solution in ethor-alcuhol in fine crystals 
meUing at 80'' (Fischer, ihid. vii. 1101). 

13. With Thf/mot.—X mixture of chhirJil and tliymol treated T^ith sulphuric 
acid and pbicial acetic noid. yiehlH d 1 1 iiy moxy bt r i c h I orethan c, 0C1*.C11(C“H**0)» 
(Jiiger, Ihuf. Chcni. Grs. Ber. vii, 1J97). See I>iTiiYMoxYt.-Ci>*ii'oeNns. 

1 1. W^itlj Amity'S and ^/wiiV/o\ — See. 2nd SupjtL 311. With aniliuc and its homologucs 
the pnKlucls are trichlorethylixlene-diyhenylamine, Cd“.CIl(NH.C*H*)^, 
and tho fi^rrcNponding tolyl and xylyl bases. Tlvf,;ii()h«n.vl base, discovered ' by 
Wallach, has been further cxaniino*.l by Amato. Sco Piikkyi.amjnks. 

15. With Ojri/aeids . — See Citi.oB.Ai.tDK. 

On tho compounds of chloral with Alhumintjids. and on its physiological action, 
Mfo Personne {Compf. retid. IxT.viii. 129) and Bynssmi {ihid. fi49); also Chem. Snc. J. 
1874, 355, 591. On the physiological action of chlonil, see also Toinaszcwicz (pjluger*s 
Archiv.f. Phpsiologie ix. 36; Chrm. Soc. J. 1874, 814). * 

cnuoral Oyanldo^ya&mtep C*H*CI^X’0*. This compound is formed on mixing 
the dilute solutions of cliloral nnd^pcitassium cyaiiilo containing cyatmU). A gradual 
reaction then takes place at ordffiary tempemturoH, hydr^K^yunic »u-id is evolved, the 
mixture becomes worm, and atYer some hours deposits prismatic crystals, which are 
larger the more dilute tho s^jlutions are employed. The cf:>mpoand thus formial con- 
tains the elements of chloral, cyanic acid, and hydrocynnic amd : 

C*HCi*0 4 CHNO 4^ OIIN » C»H»C1»S*0*; 
not a trace of it is produced by treating chloral hydrate cither with pure cyanide or 
pure cyanate. 

Chloral cyanido-cyauate midts at 80®, and when heated in a closed tube sublimes 
partially at 100® in long needb^s, and carlK)niscs at 120®, It is soluble in etJier and 
in alcohol, and separates therefrom in crystals. It dissolves sparingly in cold, easily 
in hot water, and is completely decomjxjrsed thereby, with formation of hydrocyanic 
and formic acids. On heating it with water in sealecl tubes, hydrr>cyanic acid is elimi- 
nated, and the liquid yields ammonium chloride or^ evaporation. When distilled 
with water, it is rcsoivisl into liydi-ucyatiic iind hydit>djIorH* acids, corbrju diojude 
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formic acid. It dissolves ia dilute acids and crystallises therefrom unaltered, 
hut when heate^with dilute hydrochloric acid, it yields ^monium chloride. 

On the reaction of Chlor|d OyanfdO'Cyanate with j£niline, see CgLoitA l-akhjdh 
(p. 443). 

OUoral Sydrate, C^H'Cl’O® = a^HCFO.H^O « CCl*.CH(OH)'^. This compound 
is uow'manufactured on a very large scale, some Geripati makers supplying as much 
as 260 kilograms daily. Chlorine is passed into alcohol of at least 06 per cent. For 
120-160 lbs. of alcohol the current of chlorine must be maintained for 12-14 days, in 
which time the temperature rise-s to 60“— 76®, and the liquid acquires the density of 
41® B. The crude product thus obtained is purified by heating it with an equal 
weight of strong sulphuric acid in copper vessels lined with load. Considerable 
quantities of hydrochloric acid escape at first, and afterwards chloml distils at 96°- 
100°. This distillate is redistilled, collected in glass fiasks, and mixed with water ; 
and the hydrate then formed is either poured into large porcelain basins, in which it 
solididosiii cakos in half an hour ; or it is poured into vessels one- third full of chloro- 
form, to crystallise (G. Detsoiiyl, Chem, Centr. 1873, 767). 

Vapour-density. — A. Namuaim {J)eut. Ch^m. Gcs. Ber. ix. 822) has made experi- 
ments on the density of tlio gases obtained by boating chloral hydrate, from which he 
infers that this substance cannot exist in the state of vapour, but undergoes dissocia- 
tion into 0*HC1*0 and H'^O when volatilised even at ordinary temperatures. The 
values obtained are shown in the following table: 


Density of the Gases evolved from Chloral HydratL 


1 Qluintliy oC 
8ubsliuico 

Touip«'rMturo 

ProHHuro 

EUlll. 

Volume 

cub. vent. 


Density 

Ch1ciiJuU*cI for 
C*HCl»c) . , 

U*0 1 

* 0*2206 
0*0620 

100® 

78*6 

460*6 

162 

136*7 

86*8 

2*81 

2*83 

2*86 

6*72 


According to those numbers, the resolution of 1 mol. chloral hydrate into two 
separate gas-molecules is complete even at 78®; and further, when a quantity of 
chloral hydrate more tlian suflicient to fill the splice above it with vapour, was heated 
for some time *10 about 36°, and then cocjlo<i, the tension <d’ the vapour was found to 
bo always below 6 inin. : hence it may bo inferred that chloral hydrate cannot pass 
into the state of vapour without docf>inposition even at ortiinary temperatures. At 
higher teniporatures, the dissociatiou-toiisioii of tlio chloral hydrate did not atUiiu a 
constant value even after a qonsideral»tt^ time. At 36® it rose gradually in an hour 
from 12 to 17 mni. ; at 46® irN gr u^ hours from 18 to 47’6 nim. ; at 78® in forty minutes, 
from 261 to 296 iiiin. The highest tension, iiceording to the last observation made at 
cvich temperature, must not bo regarded as a true maximum, but only as a lower 
limit, whioh'wouhl bo exceeded if the heating were continued lunger. 

Troost, on the other hand {^Compt. rnul, •Ixxxiv. 708 ; Ixxxv. 32, 400), having 
boon unable to detect the presence of aqueous vapour in the gases evolved from 
chloral hydrate, iifibrs that this compound does not undergo dissociation when vaporised, 
hut exists iu the state of vapour us an on tirq molecule, C-4l*Cl*0^ the vapour^ensity 
' of which is thoi*etbre anomalous, indicating a condensation to 4 vols. instead of the 
usual 2 vol. condensation. The mode of oxperimenCKig employed by Troost depends 
upon the following coiisivlerations. If the vapour be really in a st^ite of dissociation, 
it will behave like a mixture of equal volumes of iU|iieous vapour and dry gaseous 
chloral. Denoting, therefore, the total vapou*'-tcusiou by F, each of these gases will 

have a tension ei^ual to and on introducing into the mixture \ hydrated salt, 
whose tension of dissociation is knovfh to be less than the total tension of the 

A 


vapour in tlie aptMiratus will remain unchanged, that is, equal to F ; for the salt 
will be in presence of a greater proportion of aqueous vapour than it could itself give 
olT at the same temperature. If, on the other hand, the hydnite of chlonil exists 
tiudecomposed in the vapour, the s;ilt will bo dissociated as iu dry gas, and the total 
tension will consoquontly ho iuci^visod. and will tend to beci>nie 

The salt uiiiployed iu tho was iieiitnil }>otastiium oxalate^ which bus 
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at 78*^ a dissociation-tetisioD of 53 mm. The el&^o force of the vapour of the chloral 
hydrate at 78*^ was 1 17*5 mm. ; but on addition of the oxalate, the in the vessel 

g^ually increased, till 164*5 Vas reached. Thethydratt^ s^t had tlierofore become 
dissociate in the vapour nearly as in a dry gas. The same result was obtained by 
vaporising chloral hydrate in a space already containing vapour of -water omitted by 
a hydrate salt. Hence Troost infers that, contrary to the received opinion, cMortU 
hydrate can exist in the gaseous State at 78^, and that its molecule exhibits a 4 vol. 
condensation. 

According to Wiirts, on the contrary, crystallised pot^vssium oxalate does not 
give off its water in the vaixmr of chloml n^’drate, although in that of cliloral ethylate, 
C*HC1*0.(C®H*)*0, it juirts with its water as cusii3* ns in air. 

The question as to the dissociation of chloml hydrate cannot, therefore, at present 
be regarded as completely decided; but the agreement of Wiirtsc's result with that of 
Naumann, obtained by a totally different method, certainly’ gives supjiort to the con- 
clusion that this compound in passing into tlio state ot vapour is ix'ully resolved into 
chloral and water. 

Jie€u:tions. — 1. When chloral hydrate is heated with five times its weight of 
syrupy ^/yeeriw, a' regular action begins at 110® and goes on up to 230®, at which 
temperature the operation must bo stopped to avoid complicating the results. The 
distillate consists of chloroform, formic acid, and uudocomposed chloral hydrate, 
besides hydrochloric acid and ollyl chloride, which are seconuary products (Byossun, 
Compt, rend. Ixxv. 1628). 

2. Chloral hydrate is decompusod by an alkaline solution of ^tassium per- 
ntanganaie ^ — manganese sosquioxide l>eing precipitated, and ^-totassuim carbonate, 
formate, and chloride remaining in solution, while carbon oxide is evolved. This fact 
Icails to a theory of the action of eliloral in the animal organism. When it is 
introduced into the circulation, the alkalinity of the blood and the oxidising ngoncios 
present are favourable to the production of carbon oxide, -w'liich, according to tlio 
experiments of Cl. Bernard, can combine with the l>lood-glohule«, disphveing tho 
oxygen. These globules thus become unfit for any physiological function, ana ciin 
only be revivified ly the displacement of the carlxm* oxide. Bernard has also 
observ«l a decrease of temperature *n cases of partial poisoning by carbon oxide, and 
this coincides with tho rc'sults -a’hich follow the administration of chloml. Tho slow* 
decomposition of chloral by an oxidising agent also explains tho continuity f>f its 
motion as a hypnotic, which would not ho tho case il it W'oro transforniod into chIor<»- 
form (Tanrct, J. Phann. Chi?n. [4], xx. 355). 

3. W'hcn ammonium sidphide is addrtd to an aqueous solution of chloral hydrate, 
tho niixturo rapidly turns y'cHow, and, after passing thnmgh several shiulcs of colour, 
finally becomes dark brown. From this liquid, dilnto Kiilphuric :u;jd iIumiwh down a 
bulky brown prccipiUito -which may bo purifiotl by washing and exhaustion witli 
carbon sulphide, to remove free sulphur, and dried at lOU® till its M'oight iHx'.omcH 
constant. It then presents tho appearance of an iimorphous light brown, eartliy 
powder, slightly soluble in water, alcohol, and cl jboii sulphide, nearly insoluble in 
chloroform and benzene, but readily soluble in sohitionvj.v.frtiaustic alkali and .alkaline 
sulphides, from which it is repmcipitaieJ uii tho luiditiori of an fu*id. When ignUed 
on platinum foil, it evolves a peculiar odour, and, taking lire, pmiluueB a large carbon- 
actsms residue which slowly hums away, \ 

lU analysis leads to the formula from which it may be supposed to 

bo formed by tho following reaction : — 

!>(C»HC1*0.H«0) + IG(NU*)’S + 2U«S = + 27NH*C1 + Nil* + S» + 12H»0 

(E. Dary, Phil. Mag. [4], Ixviii. 247). * 

4. Ine action of hydropen sulppidc on chloral hydrate gives rise to chloral 

sulphydra to (p. 442). • 

5. With a mixture of C^anu^c and Ct/anale^ chloral hydrate, as already 

observed, yields chloral cyn nido-cyanate, C*ll*Cl*N»0* (p, 439); buton mixing 
it in concentrated aqueous solution, with pure poiaeaium cyanatc^ carlain dipxide is 
speedily evolved in large quantity, and crystals separate, di^nltly soluble in water, 
ether, and alcohol. They ard decomposed by btnling alkalis, with evolution of ammonia, 
and carbonise above 200® -witHbut melting. On aftulysis they give numbers agreeing 
-with the formula C*H*CBN=0*, differ!^ by the elements of hydrochloric from 
the body which is obtained by the aimultaneons action of potassium cyanate and 
cyanide on chloral hydrate. Other substances not yet fully examined are also formed 
in the reaction. If too strong solations aro used, a brown coloration is produced, and 
the product is partially resinised. 

Tkiocyannie and Jerrocyanide of potofsinm likowisf act energfvtically on chloral 
hydrate (WHlluch, Pent. Gcs. Her. viii, 1327)- 
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Itomtria Qhloral Chloral niixod with glacial acetic acid is eoh- 

rerted, according to the conditions of the experiment, either into ordinary chloral 
hydrate or a compound isomeric therewith. By quici oTaporation of the mixture, 
the isomeric compound is obtained in fine crystals melting at 80° ; by slow erapora- 
tion, the same mixture yields ordinary chloral hydrate melting at 67°, or mixtures of 
the two (m. p. 60®~80®). The constitution of the two h/lrates may perhaps be 
represented by the following formal® : * 

CCl».CH(OH)^ CC1*.C0H.H‘^0, 

Ordinary. laomcrlc. 

but it is also possible that they may be polymeric (V. Meyer, VeuL Chem, Gee* Ber, 
vi. 449). 

Cbloral Bulpliydrate. Byasson, by passing gaseous hydrogen sulphide into 
anhydrous chloral, at ordinary temperatures, obtained a crystalline compound to which 

he assigned the composition of chloral sulphydrate, CHCPO.H’S or CCl" — O h| 

{2wi Suppl. 312), and Hagemann (ibidJ) by passing the same gas into a solution of 
anliydrous chloral in other, obtained a solid body having the composition—- 

CC1»— CHOH 

2CHCl*0.n'^S, or 

CC1«— CHOH 

The product of this reaction has been further examined by Patepn6 a. Oglialoio 
{Gaze, chim. ital. 1873, 533), who have not been able to obtain Byasson^s product, 
even when following his directions exactly, but have always obtain^ the compound 
described by Hagemann : and the same result has been obtained by G. Wyss {Deut, 
Ckem. Gee. Ber. vii. 211). This compound is insoluble in water, and decomposes 
gradually in contact with that liquid ; in absolute alcohol and in ether it dissolves 
without alteration ; it is very slightly soluble in cold chloroform, more easily when 
the liquid is warmed, forming a solution which has a great tendency to remain super- 
saturated (P. and O.) According to^Wyss it dissolves in all proportions in alcohol 
^arid ether, and freely in benzene, chloroform and carbon sulphide, separating from 
these solutions in rbombohcdral crystals, molting with decomposition at 127^-128®. 
When recently crystallised and dried over sulphuric acid, it is nearly scentless, but 
on exposure to the air it acquires a disagreeable odour, like that of sulphuretted 
others. It melts at 128° when pure, but the melting point is apt to be lowered a few 
ilogrees, in consequence of the great altembility of the compound. On distillation it 
boils at 10(>°-116°, the greater part solidifying during distillation, and consisting or 
the unalter^ products ; but tho first portions of the distillate are liquid and contain 
chloral. This circumstance, together with the Ather low melting point, indicate that 
the compound is decomposed by heat (P. and O.) 

Chloral sulphydrate is deconipys^ by strong exdphuric acid and by phosphorite 
oxycl^ide, with evoluti«aj?f hydrogen sulphide, but no definite products of the 
reaction have been obtaiiiodf”* 'Heated with penlachloride it yields pent a* 

chlorethano, according to tho equation — 

SoHOhI® + = 2HCf +^2Pa>0 + PCI'S + 2(C01'.CHC1»). 

With pftosphoTUs trichloride it appears also to yield poiitaclilorothaue, and with 
potassium cyaffide it forms thiocyanate. 

Heated in a reflux apparatus with acetf/l chloride^ itfyields the di acetyl-deriva- 
tive, [CCl* CH(0C*H*0)'‘*]*, which, after separation by water and washing, forms an 
unctuous mass, and may bo obtained by roci^stalftsq^ion from alcohol in fine prismatic 
crystals. It melts at 78°, dissolves easily in benzene and chloroform, is nearly in- 
soluble in water, and is not attacked at ordinary temperatures by acids or alkalis 
(Wyss). 

WTien a dilute aqueous solution of chloral hydrate is treated with hydrtsgen 
sulphide, an oily fetid liquid is formed, which appears to be a mixture (Wyss). 

OWMAAI-AMMOanA, cfaci'O.NH' - CW - To prepw® thi, 

compound anhydrous chloral is dissolved in 11 times its weight of dry chloroform ; 
the ^Intum is cool^ in ice ; and a rapid current of ammonia is passed into it, till the 
whole suddenly solidiilts. The mass is then thrown upon a vacuum filter, to free it 
from (diloroform, wasliod with ether, and spread on paper to dry. ' Chloral-ammonia 
thus obtain^ IS nwrly pur©.- It is a dazzling white body, noarly insoluble in water, 
sparingly solubio in rtliia* amt chlorofuzin, melting at 62°— 64°, 
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Monaaetyl‘ChUfral*0wmo^^ — ^R’CvH(C*H*OX acttoQ qf 

acetjl chlorida or acetio anliydrido on ehlom!-ainnic£r«t eiTAallisos firotn hot water in 
thin rhombic plates which melt at 166**, and are soluble in alooh<d« but insoluble in 
ether. * 

is formed by heating the last 

compound to 126** in sealed tubes with acetyl cliloride, and separates fhom the rerihlting 
solution on cooling as a white crystalline mass, soluble in ether and in glacial acetic 
acid, and crystallising from the latter in large transparent prisms which melt at 
117*’->ll8*’. It is instantly decomposed by water into acetic acid and mouacetyl* 
chloral-f ‘ 


CTO-CHC^g'gO.Oj + HOH » H0.C»H*0 + .Cl*C-OH<°H 

VXSJm* wympay ayy ^ X ti c 

. C*H*CraO « (OU»)HN— CCl»— CHO - NH(0*H*XO*HCl*0)* 
Chloral cyanido>cmnate (p. 439) dissolves in aniline witli great rise of temperature 
and evolution of nydrogon cyanide, forming a greasy substance which, on addition of 
alcohol, solidifies to a ciysUdline mass consisting of chloral-anilide. The reaction iw 
represented by the following equation ; 

0*H»C1*N*^0* + C‘H*N f H«0 « 0>»ll'»Cl«N»0* 

« C«H»C^NO + CO* + CNH NH*OL 


Chlorabanitide is also farmed when aniline liydrocldoride is added to a mixture of 
chloral hydrate and potassium cyanide and cyanato» It dissolves sparinglv in water, 
easily in ether-alcohol, carbon sulpliido and glacial acetic acid, and cry^tmlises from 
the solutions in needles. From a mixture of ether and alcohol it separates in large 
tabular crystals, which are transparent and colourless at first, but turn red on ex- 
posure to the air. These crystals are mouoclinic ; alb\ c — 0*8616 ; I : 0*8967. 
Angle 12'. Thojf are always prismaitcally developdtl in the direction of ooP, 

and cleave in tlie same direction. • 

Chloral-anilide melts at 117*’« gives off when heiited the characteristic iKlour of 

S henyl isocyanate, but sublimes partly^ undecomposed in long needles. Hot acids 
issolve it, forming solutions from which it ciystAUfSos in needles on addition of 
water. Boiling alkalis convert it into an isonitHI (Coch, Dent. Chen^. Gtn. 
ix. 337). 

,OH&omAXi, Bvmxo, C*H*CrO«CCl*.CH»CH*.CHO (Pinner, hu^ig'n 
Annaien, clzxix. 21 ; Denf, Chem, Gee. Ber. viii. 1661). This com pound ,«f)roduced 
under certain conditions by the action obehloniie on acetaldehycle {2nd Suppl. 36, and 

E , 60 of this volume), was formerly rt^gardod as crotonic chloral, C*H*CI»0*, but 
as ^en shown by Pinner's latest researches to have the composition above given. 
When treated vdth caustic alkalis it is converte<^l info dichloi^ropylone or allylene- 
diehloride, C*Hk?l*, and this, when actetl upon by sodium, yveWH allylene, C•H^ which 
is absorb^ by bromine, forming a tetrabromido, and this latter decompocMMl by 
potash gives up HBr, and is convorted into tribromopropylcnc : 

C»H«CP + Na* - 2NaCl + 0»H« 

C*H* + 2Br» - t^H-Br* 

C»H*Br« — HBr - 0*H*Br* 


Butyric chloral, dissolved in alcohol and trfited with patasHumeyanide, yields an 
ethylic ether boilii^ at 176®-l 7 8**, which, when heated to 140®-160** with strong 
hydrochloric acid, is oonve?!ted into mt acid, said to be monoehlorocrotonic achi. 
d*H*ClO* (Wallach a. Boehrinf;er, I^ut, Chem, Gee. Ber, vi. 1639) ; but as thocliloral 
itself has been ifiiown to contain 6 instead of 3 atoms of h^rdregen, it is most probable 
that this acid is really chlorobutyrie acid, C*H*C10*, its formation foam butyric 
chloral being analogous to that of dichloraoetic acid from ordinary chlotaL 

Obn^pounda of Buityrie Chloral, — ^This compound unites with water, forming a 
hydrate mating at 78*'* and much iuo» readily with.alcohol, to form an otly bSly, 
which is resolved by distillation into its constituents. The fbrmation of alooholate 
takes place even on adding alcohol to the solid hydrate. Butyric chloral cofhbiiies 
also inth ammonia and ormde ammonmm-haeee ; but the oompotinds thus formed, 
unlike the fine crystalline bodies obtained with ordiii^ chloral, are thidK, tnrpentins- 
like and unciystalliihbte. With amidea, however, it yields beautifhlly crptallissd 
pioducts, which are obtiuned either by boiling an alcoholic solution of bu^ric ehlofak or 
of the hvdia^ with an amide, or better by gently fusing tlfo hydrate with the amide. 
The emnpound with aeeimmide^ mclte at 170**; that with 
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tieneamide, C«lBei*O.C’H‘0.1lH", melts at 160“ ; IsJtli are solnUe in alcohol, hnt not 
in water. c 

Butyric chloral, when boiled with acetic anhydride, yields an oil boiling, with 
partial decomposition, at 240*^-260®. With acetyl chloride it combines tofomlftn oily 
body, distilling at 220*^, not decomposible by water at ordinary temperatures, and 
having the formula C*H*Cl®O.C*H*OC3L ^ 

Hydroeyanideof Butyric Chloral , « CCl*--CH®-~CH2-~CHOH— CN, 
is forme^ by adding hydrocyfinic acid to an alcoholic solution of butyric chloral. As 
tlio hy<ih>cyanido is but slightly soluble, much of it separates as the digestion proceeds, 
forming a yellow oily layer at the bottom of the flask, and the rest may be obtained 
by evaporating the supernatant liquid. On cooling, the oil solidifies to a crystalline 
mass, which may be purified by rccrystallisation. It dissolves with difficulty in cold 
water, more readily in hot water, and still bettor in alcohol and ether. It melts at 
10l°-102°, is less volatile 'In vapour of water than the corresponding chloral com- 
pound (p. 438). It dissolves in hot dilute hydrochloric acid, and crystallises eut again 
imclianged on cooling. By alkalis it is decomposed similarly to the corresponding 
chloral compound, the products being dichloropro^ylone, dichlorallylene, formic acid, 
and hydrocyanic acid. By digestion for a day with concentrated hydrochloric acid 
the hydrocyanide is converted into trichlorovalerolacti c acid, OH^CPO* 
(originally supposed to be tricliloraiigelactic acid, 0®H*C1*0*), just* as ordinary chloral 
is convicted into trichlorolactic acid, C®I1®C1®0*. 

C*H®Cl®O.HCN + HCl + 2H®0 » NH*01 + C®H'C1»0». 

On the bye-products formed in tho preparation of Butyric Chloral, see Alubhydb 

(pp. 60, 61). 

CBXiOajBLXiy BBXOZC, or CA.PROZC, C^H^CPO = CCP.C^H®. CHO (Pinner, 
Dcut. Chem, Gee. Btir. x. 1052). This compound is obtained by fractional distilla- 
tion of tho higher boiling portions of crude butyric chloral (p. 51), 3 mols. of alde- 
hyde being probably first condensed to form the compound (PII^O, Which then takes 
up HCl and Cl® to fornf C«H”C®0. It boils at 212®-214® but has not ^et been 
obtained quite free from butyric dilonil. It is insoluble in water, but mikes iu all 
proportions with alcohol, other, and benzene. It docs not form a solid hydrate with 
water, ora hydrocyanide with prussic acid, but is docomposod by alkaline chlorides 
yielding a foi*mato and a chlol'idc of alkali-metal, and an organic chloride, 0*H®C1*. 
When mixed with fuming nitric heid it is converted in the course of a few hours into 
a trichlor ocapr o i c acid, which separates as an oil when the mixttiro is poured into 
a considorablo quantity of water, and afterwards solidifies. This acid is extremdy 
soluble in alcohol, other, and benzene, somewhat loss soluble in light petroleum, and 
is procipitated as a fine crystalline powder on adding the latter to a saturated solution 
of the acid in benzene. It melts at 64® and turns brown at « higher temperatures. 
I'ho molting point of the pure acid would probably be ^^h'er. This chlorocaprolc 
acid is strongly attacked by zinc-dust in presence of water, and if hydrochloric acid 
bo then gradually uddAJ, Jj^o surface of tho zinc becomes covered in a few days with 
hmg flat needles of a hoxy Icuic acid, melting at 39*^. See Hjsxtusnk 

tlOMPOUNUS. 

CKXiOKAZiraB, C^H^CPO®. This compound is produced by the action of 
fuming sulphuric acid on chloral or its hydrate. Kekul6 proparod it by heating chloral 
hydrate with an equal volume of fuming sulphuric acid (i. 884). According to 
(lriilH>wsky.rhowovor Chan. Ges. Ber. viii. 433), this proportion of sulphuric 

acid is much too largo, chloral, when digested in a zyator ) *ath with an equal volume 
of fuming sulphuric acid, being wholly resolved into carbon oxide and hydrochloric 
acid : 

C®HC1®0 + = 2CO + 3UC1 + 2SO». 

The best pri>poptions for tho preparation of chloralido are 1 pt. of fuming sulphuric 
acid to 3 pts. of chloral, tho reaction then taking place as follows, provided the tem- 
pcrutiiro bo not allowed to rise above 106® : 

3C®HC1»0 + =* C®H*C1®0* + 2SO®C1(OH) + HCfi + CO. 

At higher temperatures a somewhat diflferent action occurs, the chloride S*0*C1* 
being ebtainod instead of sulphuric hydroxychlcride : 

6C*HCl*0 + 23®0’H» = C»H*C1®0* + 2S*0»C1® + 8HC1 + 7CO. 

With largir proportions of chloral the substances react in the manner shown by the 
following equations : 

8C®HCTO + SWiV « 3C®H*C1®0» + S®0»C1® + 4Hri + CO 
loC^UCPO + S"0'J1= ^ .lC-ir‘Cl«0» + S-OKT- + IHCI 



CHLOEHYUIUNIMIDE, 

Chloralide is also formed synthetically by heating trichlorolacti^icid with anhy- 
drous chloral to 160°-160® for MFeral hours in a sealed tube. Thl9n?e#etioD, repre- 
sented by the fbllowing equatioti; shows that chlon^ide is the trichhretkidmic ether qf' 
(richorolactie acid : * 

CC1*.CH<^°® +*Ca*.COH = CCa*.CH<®°^®>CH.CCl* + H*0 

Triolilorolactic add. Chloral. Chloralide. 

Lactic acid and chloral under similar conditions yield trichlorethideqjo lactate, 
CH».CH<’^q°>CH.CC 1* (Wallach a. Ueymer, Dent. Chem. Get. Ber. ix. slfi). 

Chloralide crystallises from alcohol in long prisms having a faint odour whi^ 
becomes pungent on beating. It melts at lli^-llh'' and boils at 268"^ under a pres- 
sure of mm. Vapour-density 3=11*30 (c'llc. 11*15V It dissolves in laming 
nitric acid at the boiling heat, and crysiallises out imaitered on cooling. Heated 
with water for several days to 200^, it decomposes, with partial carbonisation, and 
formation of hydrochloric acid, carbon monoxide, and cartoon dioxido. Heated to 180'^ 
for several hours witli aniline, it yields a re<i mass coiituiniug a laigo quantity of 
aniline hydrochloride (Grabowsky). 

When an alcoholic solution of chloralhle is left to itself for some mouths, or 
heated for a short time in a scaled tube, it is completely resolved into chloral alcoho- 
late and et hylic trichlorolactate. This reaction, wdiich confirms the view %bovc given 
of the constitution of chloralide, is represented by tliu following equation ; 

CCl».CH<®y®>HC.CCi* + ^®‘Q![|-CCl«.ClI<[J^jjj + CCl'.CUOH.OOOC'H* 

Chloralide. Alcohol Chloral Alcoholate. EthyUo Trichlorolactate. 

(’i mol.) 

(WallaCh, Lent, Chc37i, Gcs. Her. viii, 1768). 

When chloralide is troiitod with zinc and hydrochloric acid, in presence of alcohol, 
rise of temperature being prevented as much as possible, jildehydo is formed, together 
with & fragrant liquid, winch, after removal of um alcohol by distillation, and supor- 
saturatiou with hydrochloric acid, may be dissmye<i out by agitation with oilier, and 
when freed from ether by evaporation, deposits an abundant crop of erj-stals consist) ngf 
of dichloracryiic acid, C*H‘*'C1*0*, the mother-liquor n^faimng ethers of organic 
acids, together with other products not vet exiipiined. Tlie formation of aldehyde 
and dicbJoractylic acid may bo representfHi by the wpiation ; 

, 'C*H»C1*0' + = C’JI’O + C>H*CI»0» + 4IIC1 

(Wallach, loc. cU^) ^ * • 

Compounds imalogous to chloral8:le — trichlorothidonic others — are formed 
by the action of anhydrous chloral on the triclilort>-dorivativcB of various oxy-aeids 
(Wallach a. Uan.seii, DMn Chem, Gcs, Jtcr. ix. 1214). 

Mandelio Chloralide or TrichlorcthKlenic Mandelate, C'*H’CI*0* ■■ 
C*H*.CH<^qq Q^CII.CCl", from chloral and mandelic acid, forms small white crys- 
tals, melts at 69^, and Ijoils with partial de^mposition iM'tweon 306® and 310®. It 
is insoluble in w'uter, l>ut dissolves cosily ^in alconol and ether, and usually separates 
therefrom in tlie form of an oil. 

Tartaric CA/oroitrfe, C*I1‘C1*0*-=CCI*.CII<J!_^^_;;Y) (i'TijCc^CH.COl* 



CT^stallise. in .mall needlcH melting nt 122°- 124*', and cannot bo clieti lied without 
decompoBition. It is iiuwluble in water, HoIuUe in warm alcohol and other. 

Jfa lie CAlo rail de, C*H‘Cl*0‘ = CCl*CH—C~0-=0 ia. according to 

II 

HC-CH*— COOH 

its comxioritioD, a mono}>asieilicid, and reacts as :mch. It forms fine crystals melting 
at 137®-138^, dissolves sparingly in csold, easily in hot water, and crystallises there- 
from in delicate needles. 

CH&OXKTStXZMnnsiXf C'*H*^C1*N*0*. When this compouBd, formed by 
the action of ammonia on dichlorhydrin (2fKf Suppl. 318) is subjected. In ^i^ions of 
25 to 30 grams, to dry distillation in small retorts, considerable decomposition takes 
place. a1 tended with abundant sex^aration of charcoal, rsid a liquid distils over which 
ospamti'S into two layers, the lower consist iug ot an uqmsjus soluticm of ammonium 
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chloride and o«ir{)onate, while the ujpper, which is in very small quantity, consists 
of a dark bxowit Viscid oil. This oil is a base which dissolves in ether and in hydro- 
chloric acid, and from its odour cand the charactezfi of its platinum double salts, 
appears to be related to conioe and nicotine (Claus a. Dorrenberg, JDeut* C^em* Ctes, 
her, viii. 244). • 

The method described by«F. Curie (p. 6d) for preparingf 
aluminium chloride, by passing a mixture of hydrochloric acid gas and vapour of 
carbon sulphide over heated alumina, may be applied to the preparation Si other 
metallic chlorides. 

Preparation of the Chlorides of Alkali-metala from the correspondmg Sulphates . — 
When aqueous solutions of an alkaline sulphate and am'monium chloride are evapo- 
rated in a porcelain crucible and gently heated, the ammonium chloride may be 
volatilised without any mutual reaction ; but if they are more strongly heated in a 
platinum crucible, the decomposition is nearly complete after ammonium chloride has 
been added fourteen to sixteen times. At a low red heat the decomposition is 
thorough, but at a bright red heat some of the sodium chloride is volatilised. The 
sodium or potassium chloride should, therefore, not be fused (C. Phillips, Zeitschr. aruU. 
Chem. 1874, 149). 

Constitution of Hydrochloric Acid and Metallic Chlorides. — J. Thomsen endeavours 
to show that aqueous hydrochloric acid very probably contains a hydrate of the com- 
po.sition IPO.HCl ; tliat this hydrate must bo looked upon as the acid molecule ; 
aud that consequently the chlorides, i.e, the hydrated chlorine-compounds, of the 
metals, which coiitiiiti the elements of a molecule of water for every atom of chlorine 
in them, must he regarded us anhydrous salts of hydrochloric acid. 

His investigations are based on : — 

(1.) The isomorphism of the hydrated clilorine-compounds with other salts, when 
the former conttiin a molecule more of water than the latter for each atom of chlorine 
in them. 

(2.) The specific gravity and specific heat of the aqueous acid. 

(3.) The heat-phenomena observed when hydrochloric acid gas is alisorbed by 
water, as well as when the aqueous acid is mixed witli water. 

For the details of the investigation, see Fogg. Ann, Juhelband^ 136-149; Chem, 
Soc.J. 1874, 962 969. 

A cry stallisod hydrate of , hydrochloric acid, HC1.2H^0, has been obtained 
by Pierre a. Fuchot (Comjid. rend, Ixxxii. 46). Strong commercial hydrochloric acid 
may bo kept at a very low temperature without any change ; but when a continuous 
current of nearly dry hydrochloric acid gas is passed into tJie cooled liquid, an abun- 
dant depo.H'itioii of crystals soon occurs, and at the smue tirno the temperature rises 
from — 22^ to — 18^, renuiiiiing stutionaiy at tuis last point during the formation of 
tho crj^stals. These crystals decompose rapidly in the air, emitting white fumes ; 
they distil in water very quickly at ordintiry temperatures, very slowly at — 18°. 
The synthesis of the hydrate, performed with distill^ water, shows that the weight 
of tho separated crystiils m about 1^ times that of the water employed, and that the 
W'Htor has taken up about its own weight of hydrochloric acid : hence the formula 
above given, which is also confirmed bv analysis. The form of tho crystals has not 
been exactly determined, but they appear to resemble ordinary soda- crystals. 

Fitrificafion of Hydrochloric acidfro-m Arsenic. — Instead of the method introduced 
by Btittendorfi* (Is^ Suppl. 217), consisting in the use of stannous chloride, H. 
llager proposes to dilute Uioacid to ITS sp. gr., then digest it with copper at 80°, and 
distil. I)iez saturatt^s tho acid of sp. gr.^l'Ul with liydragen sulphide, and after the 
precipitated ursunious sulphide has subsided, distils the liquid as long as the distillate 
smells of hydrogen sulphide {fjhem, Cenir. 1872, 41£). 

Engel {Compt, ref id. Ixxvi. 1139) adds 4 or 5 grams of potassium hypophoapkite to 
each litre of tiiu acid ; tho arsenic soon becomes reduced, and when it is aU deposited, 
tho clear acid can be decanted and distilled. Potassium hypophosphite may be Tised 
as a test for the presence of arsenic in hydrodilorie acid, the reduction taking place 
immediately on tlie application of beat. Hager {Chem, Cenir. 1874, 98) adds 0'4 to 
0'6 grm. potassium or sodium hy^phosphitt? to 100 grams of the acid, and after 
gontJo wiprming, whereby the arsenic is precipitated, filters the liquid through sand ; 
a small quantity of potassium chlorate is then added, and after the lapse of a day, 
the slight excess of free chlorine is reniovod by digestion with strips of copper. 

To dete^arsenic in hydrochloric acid, J. H. Oster (Zeitschr. anal. Chem. zi. 463) 
boils the acid with strips of tin-foil, and leaves the liquid to cool. A trace of arsenic 
oolours the liquid and stains^ the tin. It must be observed, however, that a eimilar 
appearance is produced by tho presence of ferric chloride. 
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PrepanUion t^AiookoUe ChlorUlea, — The dilorides of m ethyl and Athy 1 are eamly 
prepare in oonsiderable ouanti^ by dissolving 1 pt. of sino chloridt iQii2 pts. of the 
eomspondiiig alcohol, and boilmg the solution in a flask provided with reflux appa- 
ratus, while a stream of hydrochloric acid gas is kept paMrog through it. The alco- 
holic chloride which passes over is purified by washing with water. Amyl chloride 
.may be prepared in a similar manner (Groves, Chem. Soe, J. 1874, 636). 

Scfaorlemmer {ibid. 1876, 3087 hnds that the method is not applicable to the 
preparation of the chlorides of the higher alcoliols. Primary hept^l alcohol, treated 
as above, yielded a mixture of primaiy and seoondary heptyl chlorides together with 
heptylene, and a high-boiling liquid, probably consisting of conden^ heptylonos or 
diheptylio ether, or a mixture of both. Amyl alcohol, treated in like mauner, also 
yielaed a mixture of primary and secondary amyl dilorido. 

Pr^paTatiou of the Chloridrs of Acid AWit’hs.— These chlorides are usually pre- 
pared by treating tho fatty acids with trichloride or pentachloride of phosphorus ; 
but as the preparation of these phosphorus chlorides is difficult and costly, Kanon- 
nikofiT {Liem^a Annalen, clxxv. 378) proposes to replace thorn by tho oxychloride 
POCl*, which occurs as a bye-product in many renctious. JJy treating acetic acid 
with the oxychloride, ami fractionatiiig the protiuct. he obtained nearly pure chloride 
of acetyl: butyric acid treat wl in like manner yielded butyryl chloride: succinic acid, 
however, yielded, not succinyl chloritle but succinic anhydride. 

OR&OSXVB* On Deacon's inothoil of preparing Cldorivie, and tho oaUMes which 
interfere with its success, see lla8onclever(/>c«/. Chem, Gta. Her, 1874, 2; DingUpci. 
J. ccxi. 196; Jahreab, f Chem. 1874, 1098); Lunge {Deui, Chem, (tea. Her, 1874, 
16*26; Jcthresb. 1874, 1111); Jurisch, {Din^LpU, J, ccxxi. 3«6G, 448 ; ccxxti. 366; 
Juhresb, 1876. 1081 ; Chem. Sue. J, 1877, i. 360). 

According to Lamy {Hull. Hoc, C'him. [*2|, xx. 2), all coniiwunds of copper, iron, 
manganoso. and chromium, also ^loreclain, putnico, silica, glass (all of which probably 
contain traces of tho elements just mentioned) are culpable, when a stream t)f hydro- 
chloric acid gas and air is passed over them at high tempi*mturt>is, of inducing tho 
oxidation of the hydrochloric acid to water and clilorino, tho quantity of free chlorine 
thus obtained depending on tho conditions poiii/«<l out by Deacon. With copper the 
most suitable tetnperaturo is 440*^ ; with conifxaiuds of manganese, iron, and 
chromium, higher tomperatiircs. Pumice, glass, and porcelain, give less chlorine the' 
purer they are ; thus crude pumice giv**s 16 per cen4. chlorino at 440*^, 30 per cent, at 
a red heat; punflod pumice much less. 

De Lalaude a. Prtidhommc. on tho other hantl {Hull. iSoc. Chim, [2], xx. 74), are 
of opinion that the docoin[x>sition of hydrYadiloric acid which Uikes pUw*o on |)assing 
that gas mixed with air over heated inixtiints of alkaline chlori<lQs with horic oxide, 
'sibca, &c. (2»c/ Sappl, 321), does not <lcj»end on the contamination of rihosu Ixtdios 
with ferric salts, Ac., but that tho alkaline chlorides are converlotl l)y tho oxygon of 
the air at a rotl heat into oxides, with evolution of chlorine, tho oxides boijig then 
reconverted into chlorides by the actions of the h^’drochloric acid, so that a continuous 
evolution of chlorine takes place. 

TeaaU du Afothat/a Afethod. — A stream of hydroidiloric acid gas ^ passed into u 
retort containing manganese dioxido and chalk, kf'pt at a dull rod heat, wln^rfilty 
chlorine and watexv vapour are «*.volv(yl ; and clilorino is juiSsod intp wator, or into 
a chamljcr whore dry hypochlorites arc to^bo prepared. A Kircam of air being now 
passed over tho residue in the retort at tho same temperature, tho chlorine which had 
gone to form calcium chloride (or manganous chloride) is set free, and is condiicU>d 
(mixed with air as it is) iii^ stoneware vessels containing c/ialk and manganous 
oxide suspended in water; manganic oxide i^id calcium hypochlorite are thus pro(luc<t<l, 
together with calcium chloride. . ^‘his mixture treated w'ith hydrochloric acid 
evolves pure chlorine. The residue in the vessel (manganous chloride and calcium, 
chloride) heated with excess of lime, and freed from calcium chloride by waHliing, 
gives Bgein the original mixture of manganous oxide and lime, into which fresh sup- 
plies of chlorine mixed with air may lie conductc<(. 

Tho calcium chlondo is transformed by the action of magnesium carl>onate into 
magnesium chloride (which f^^in yields hydroebioric acid) and calcium carUmate. 
The chlorine produced by this method is sniif to bo very pure {Dingl. pol, ,7. 
ccv. 369). 

An apparatus for the evolution of chlorine on tho laboratory scale is descri1>ed 
by A. Orfewsky {ZeUachr, anal. Chem. 1872, 38 ; ChcTn. Hoc. J. 1872, 9^. 

Purification. — To purify chlorine gas from hyrirochforic aci<I, wfafm always ac- 
companies it when preparwi by tho ordinary methods, F. Htolba(CAcm. Centr. 1874, 
116) washes the gas with a tolerably <5oiurentmt<^<I soluticA of cupric sulphate, and finally 
with water. The chlorine is made to paws over tho rx»pper solution as slowly as 
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poisible, and into the solution are thrown numerDtis pieces 
which float, t|ius affording a large surface. A cupric snlphal^. fdhitf~^ 
tendency to ^sorb hydrochloric scid, cupric chXoridle being' 
acid liberated. The chlorilie passes on unaffected. 

Estimations — According to B. Messel {Zeitschr. assal, Chm^. 
estimation of chlorine or hydrochloric acid by means of a standardj^lV 
with potassium chromate as an indicator (Mohr% method), cannot be ^ 

sulphurous acid is present, since the flnal reaction does not take place tXlJ dk irliofi : 
of the sulphurous acid has been precipitated as silver sulphite. Accoirding tO 
Lunge, however {jhid. 424), if the sulphurous acid be previously oxidised to sulphuiia . 
acid by means of permanganate solution, Mohr’s method may be applied without 
diminution of the sharpness of the reaction. ^ . 

As potassium chromate is often contaminated with chlorides, A. B. Leeds 
Chemist, 1873, 4i')3) recommends that in performing a number of comparative a^yses ^ 
by the above method, the chrohiate should be added always in the^me volomi^. / 

Stolha ( Chem. Centr. 1874, 1 22) recommends potassio-caleic chromate as an indicatov . 
in Mohr’s method. To prepare it, potassium dichromate, freed from all traces Of * 
chlorine by recrystallisation, is dissolved in eight times its weight of water and heated, 
to boiling. To the hot solution well-washed calcium hydrate is added, till tl^e 
solution has attained a pure yellow colour, and in consequence of excess of lime 
a pellicle or skin of calcium carbonate is formed on the sui^ace of the liquid when 
blown upon. The hot solution is Altered, and concentrated by slow eva^nation, 
whereby the excess of lime is separated as carbonate; or carbon dioxide may be passed 
through the hot solution, in which case great care must be taken to wash the gas 
thoroughly. The decanted solution is ready for use. 

On Bohlig’s Volumetric Method, see Arch, Pharm, [3], iii, 122; Chem, Soc, J, 
1874, 816. 


CliloHne Hydrate. This compound, formed by the action of chlorine on water 
at 0°, is regarded sometimes as OR lOH’-'O, sometimes as H0C1.HC1.9H*0. On. the 
former supposition, the hydyate, when treated with mercury, should yield mercurous 
chloride, just as free chlorine does. ^It has, however, been shown by Gopner {Pent, 
Chem, Ges. her. viii. 287), that the product formed in this reaction is chiefly mercuric 
‘ cliloride, a small portion only of this compound being reduced to mercurous chloride 
by the excess of niorcuiy present This result is in favour of the latter view of the 
composition of chlorine hydrate, thf^ mercury being supposed in the first instance to act 
upon the hypochlorous acid in the molecule, forming mercuric oxychloride : 

2nOCl + ITg:* « Hg*Cl*0 + H=*0, 

which is than couvei'ted by the hydrochloric acid into mercuric chloride. On this 
Uie action or clilorine on water at 0^ may bo rogfurded as analogous to that whic£^K 
exerts on the alkaline hydrates : 

Cl* + HOH « HCl + HOCl ; 

01=* + 2KOH = KOI + KOCl + H-0. 


On the other hand, Hugo SchifF(i6uf. 410) points out that the supposition put 
of the chlorine being contained in the hydrate as hypochlorous acid is inmnsiaiMit 
with the follo\\ing facts : (1). A saturated solution of hypochlorous acid is quickly 
docomposocl byli^ht, whereas chlorine hydrate, which contains nearly the same amount 
of chlorine, remains unaltered. (2). The hydrate does not corrode or discolour the 
epidermis as sliould do if it contained free hypochlorous acid ; and, as show;* by 
karaday, it acts on organic substances in general j‘u^ like free chlorine« (8). As 
neither HCIO nor HCl by itself forms a definite hydrate, it is not pix>b»l»|a thU 
compounds can exist as such in the hydrate of chlorine. / ^ ^ .J, 

There are, however, two facts which seem to indicate that the hydhnifls flkMM 
contain free unaltered chlorine, viz. (a) that in the dry state, notwilSistaiidiqg its 
large amount of chlorine, its odour is much fainter than that of saturated iflilorifiSr 
water containing only 0*7 per cent, chlorine ; this, however, may perhaps be due. t/a 
the lower tension of the chlorine cont ained in the hydrate ; (6) that it has but a ihint 
colour, whereas in mast, cases compounds of coloured bodies with water of crystallisa- 
tion are more deeply coloured than the same compohn^S* in the aubydrons stats 
(SchifT). ^ 

Oxides and Osyffen-aeids. 


1 Oxide, Aeld, end Salts. When phospboms oxychlcilda is 

added by drops to potassium chlorite, a yellow-green gas is given oflT, which is ab*..- 
sorbed in large quantity bji water or potash, funning hypochlorous acid Of 
potassium hypochlorite. 
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iurui^ d^O*, ia paaaed OTer phosphonia p6ntiU|hloride, bjpo- 
01*0, iSfformed oftam with violent explosion (w, Sprinc; Jknf. 
1874, 1584). ^ § 

acid is also formfd when oxygenat^ water (oontaining 2*45 per 
‘ to a large excess of chloiitie^water : Cl* + H*0* * 2HC10. With a 
of hjrdrogen dioxide, oxjgen is formed at the same time : 

HCIO + H»0* « HCl + H*0 + O*. 

' Rypichlorona acid and ita salts are conTerted bj offoni^d air into perchloric 
acid and perchlorates (Fairley, JahreMb, Chem. 1874, 210). 

JktaeHon and EsttTnation of Rypochlonm* acid in presence <f Chtorinct Chl<^us 
and Chloric acid . — Free hypochlorous acid agitated with metallic mercuiy 
cemrerts it into mercuric oxychloride, Hg*Cl*0 or HgOl'.HgO, whereas free chlorine 
cpn'lQprts mercury into mercurous chloride. Hg*01*. Consequently, hypochlorous acid 
nHxed with chlorine may be easily detected by the more yellowish colour producoil on 
shaking it with mercuTy, unless its i^uantity is very small in comparison with the 
Me dilorine. In the latter cose it is necessary to decompose the oxychloride with 
hytSr^hloric acid, filter, and agitate the filtrate with mercury. If the hypochlorons 
.acid is in combination with basps, its detection is oven easier than in the free slate ; 
for in this case, agitation with mercury gives rise to the yellow oxide, easily recognised 
its colour, and by its property of sticking to the sides of the glass vessel on agita- 
turn : KCIO -f Rg « HgO + KCl. Chloroua and chloric acids when combined wiUi l>ases 
do not act upon mercury (Wolters, J. pr. Chem. [2], vii. 468). 

These reactions may be made the basis of a quantitative estimation of hypochlorous 
acid in presence of Me chlorine, chlorites, and chlorates, inasmuch as by brisk agita- 
tion with excess of mercury, the whole of the hypochlorous acid and its salts may bo 
decomposed in about five minutes. The mercuric oxide formed in the reaction is 
easily dissolved by hydrochloric acid ; the mercury contained in the filtrate may bo 
precipitated as mercurous chloride by ferrous salt and an alkali ; and the quantity of 
mercury thus precipitated gives by calculation the quantity of hypochlorous "acid 
present, 1 atom of mercury answering to 2 molecules of hypocnloroiis acid (UOlO), or 
to 2 atoms of active chlorine in bletiching powder: 

CaOCr* r Hg - CaUl» + UgO. 

Free chlorine docs not interfere with the estimation, sinco the mercurous chloride 
formed by its action on the mercury remains unuissolvetl on addition of Itydrochloric 
^acid, and may be separatwl by filtration together with the excess of mert^ury. 
i4"i^falorites and chlorates remain in the filtrate after agitation with mercury, and may 
««,|g^onvorted into mercurous chloride by agitation with mercury and hydrochloric 

^ The method of analysis is therefore as follows: The solution is shaken for some 
ininutes with excess of metallic mercury, and the chlorates and chlorites an» filtertHl 
leaving a mixture of mercuric oxide, me^urous chloride, and finely divided 
msteufy. This mixture is exhausted with hydrochloric acid, which dissolves only tlie 
m^tn nun e oxide, and the mercury is precipitated from the filtrate as mercurous 
dllotkle by a ferrous salt and alkali, and after addition of acid is dried and weighed. 
Ki^xmations of active chlorine in bleaching powder made in this mrnner agree well 
with those made with ferrous sulphate (Wolters). 

Calcinm fiypocfdorite . — This salt may be separated Mm bleaching powder in 
„ feathery oryatals, having the composition CaCl*0* + 4 H*0, by exp^iMug the filtered 
^ adintiiMi of the powder to a Meeing mixture, or by evaporating it in a vacuum over 
(Kingrett). See Blrachxko Powdxr, p. 383. 

>>"!; HCIO*. A method of estimating this acid, founded on the r*>- 


(OladiHoDe's oopper-xinc couple). 

Chlorates may be conveniently pulverised for pyrotechnical pnrpom by immersing 
passa of glass in a hot wtuiuted solution of ther salt. A fine deposit is then formed 
oaUm glass, which may be scraped oflT with a card (Gawalowski, </. pr.JJhtm. [2], 
ix. 24U). 

From experiments by Q. Schacberl AnnaUnt clxxxii. 193) it aj-ipears that 

^Ihe a^on ii hydrochloric acid on potassium chlorate, or of sulpharic acid on a 
'mixture of the chlorate and chloride, does not give rise to the formation of perchloric 
but t^es place according to the following equatiogi : 

2ECIO* 4HCI - Cl*0* + Cl* + 2KC1 + 2H*0, 

3r/? .Svr>. O O 
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The eTolution of larger quantities of chlorine hitherto observed is due to a se<3bndary 
action of the hyd^hloric acid on the chlorine tetroxide. ^ure chlorine g«s i# never 
obtained by the action of hydrochloric acid on potassium chlorate, the secondary action 
just spoken of being never complete. 

Vereliloratea* The solubility of potassium perchlorate in water has been de- 
termined by Muir {Chem. xxxiii. 16), with the following results : 


Temperature. 

Percentage of 

Sp. gr. of 

Quantity of water re- 

salt in solution. 

solution. 

quired for 1 pt. KCIO*. 

0® 

0706 

1*0006 

142*9 

26® 

1*92 

10123 

62*5 

60® 

607 

10181 

16*4 

100® 

16 76 

1*06603 

6*04 


. % 

Biemuth Perchlorate^ BiO.ClO*, is obtained by heating metallic bismuth with 
aqueous perchloric acid, as a white amorphous powder, insoluble in water, easily solu- 
ble in hydrochloric and nitric acids, less soluble in sulphuric acid ; decompose at a 
red heat, with formation of bismuth trichloride (Muir, the. cit.) 

OH&OSITS. Pseudomorphs of chlorite after garnet are found in all stages of 
transformation, in a chlorite-slate of the Spurr-Mountain iron mine, near Lake 
{Superior (R, Pumpclly, Sill, Am, J, [3], x. 17). 

OSXiOROX'OMM, CHOI’. Action of Sodium . — Whrn chloroform is treated with 
sodium and a small quantity of water, hydrogen and hydrochloric acid are quickly 
evolved, while caustic soda, sodium chloride, and carbon remain in the tube : 

CHOP + 3Na + U'^0 - 2NaCl + NaHO -h H + HCl + C. 

When chloroform and sodium were left together for several days in a loosely covered 
test-tube, sodium formate was precipitatecl iis a brown substance, which, wlien dried 
over sulphuric acid, became somewhat crystalline, and whitened on exposure to the 
air. The reaction is probably ; 

CHOP + iiNii -f O* - 3NaCl -f OHNaO’ 

({gjiKern, Chem. Newe, xxxi. 121). 

Action of the Copper-Hne Couple. — The dry couple does not act on chloroform 
either alone or in presence of pure e^ber. In presence of absolute alcohol, no action 
is observed at ordinary temperatures, but at 60^’-ri0® niarsli-gas is evolved, together 
with a small quantity of acetylene, and chlorethylate of zinc remaius in the vessel. 
The relative quantities of these products show that about 92 per cent, of the action 
may be represented by the equation : 

‘’CHCl* + 3C'H>OH + 3Zn = CH* + 
and a smaH proportion by the equation : 

2C1ICP -h 3'<u - 3ZnCP + C-H-. 

In presence of wafer, reaction begins at 12® with slow evolution of gas, the tempera- 
ture then rising and the evolution bev‘orairig more rapid, the action being completed in 
about four days, /inc oxychloriilc is produced, which forms a white coating on the 
couple, and the gas burns w'ith a blue iiiime, like that of marsh-gas. Hence it is 
inferred that the action takes place in the manner represented by the equation : 

2CHCP + 3H»C> -I- ^Zn - 2CH^ -e 3(ZnCP.ZuO). 

With aqueous alcohol the action takes place at a lower temperature than with absolute 
alcohol, and is likewise attended with formiitum of zinc oxychloride. 

Zinc-foil has no action on chloroform mixed w'*h absolute alcohol at 60®, but at 

. . ‘ C*H*0 ) 

the boiling point of the mixture there is a slow action, CH* and 1 Zn being 

produced. 

Zinc-foil was also found to act slowly upon chloroform mixed with alcohol diluted 
with one fourth of its volume of water at 60®, zinc oxychloride and CH* being the 
principal products. 

The reactious <loscribed above aficird a ready methbd tif preparing marsh-gas 
(Glailstone r.. Tril>o, Chtm, Soc, J. 1876, 608). 

Action of Antimony Pentachloride. — Chloroform heated with this compound in a 
reflux apparatiui or to 100® in a seailcd tul»e, is converted into carbon tetrachloride, 
with formation of antimony trichloride and hydrochloric acid: CHCl’ -f SbCl’~ 
CCl*-HSbCl*-l-H0l (Lossnor, J. pr. Chem, [2], xiii. 418). 

Action cf Phenafe, — When an alcoholic solution of phenol mixed with 

caustic potash is evaporated to diyness, and chloroform is pourd upon the residue 
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whilfi jtiU a splaBdid nd-puvpla mIoot is immsdiatsly produced. Tho potiMh 
shoiiid Doir be in exceM, and the temperature not y^iy high. This teaotion is cspabie 
of detecting 0* 1 mgm. of phenol. I 

The coloration is probablj due to the formation of tosoIic acid, which is. in 
fact, kno'vni to be produced by the action of iodoform, fbrmic acid, drc., on potaasium 
pbenata. 

The action of potasaium phenate on chloroform i1t)es not give rise to any compound 
anal<^U8 to the triethylic formate or orthofonuic ether, which Kay obtained by 
treating chloroform with sodium ethylate (Ouarcschi. Omffc. cAim. i7n7. 1873. 401). 

Action on Sodacetic Ether, See AcKTt>-Ac»Tic Etiirks (p. 17). 

Preparatioft. — Hartsen (6’Arm. Crntr, 187J1, 204) prepares 
pure chlorophyll by making finely chopped ivy leaves into a pasU* a**th spirit of 6d®. 
and pressing the paste after twelve hours. This removes the water,, a bitter sub- 
stance {helicin), and a saponidable compound. The pressed leaves are now soaktKl in 
benzene for twenty-four hours, aud the benzene is removed from the eaytressiHl solu- 
tion by distillation. The dark brown fatty residue, amniiiittng to 21 per cent, of tlio 
leaves, is treated with a solution of sodium hydrate, filtered, and procipitated by com- 
mon salt. The precipitate. af\er being w'ashed with a salt solution, is dissolved in 
water, and precipitatAl with a solution of copper sulphate. This prccipitAto, aftt^r 
being washed and dried, is boiled with aWolute alcohol, and thou with ether 

and benzene ; this tre^itmcnt removes copper s<iap, and loivvos the compound Of 
chlorophyll with copper oxide. Finally, the latter is suspcndcMl in alcohol, and 
decomposed by sulphuretted hydrogen. On evaporating the solution, the chlorophyll 
is left of a veiy dark green colour, almost black, and quite freo from fatty matter. 
It is soluble in hydrochloric acid and in alcohol, yielding a solution of a vory fine 
groan colour. 

Spectrum, — The absorption-spectrum of chlorophyll is charaeterised by a certain 
number of bands, among which is one at rod end which suffices to distinguish 
chlorophyll under all circumstances, and exhibits the following charaet(;rs : 

a. Seneihilitit : having a clear outline, li fixed posit ion, aiul remarks blc perma- 

nence, even in a solution diluted to the ono-teii-thousandth. ' • 

b. Certainty: being divided into two lines, under the influence of alkalis, a cha- 

racter which does not belong to the rays of blood, bile, or any other organic 

liquid. 

c. Constancy : being always present wherever there is chlorophyll, either pure or 

altered. 

Chlorophyll can be perfectly recognised bv the spectroKcope, whether it has been 
obtained from young leaves, old, leaves, or dead leaves which have been subject to 
the ruction of light and air. 

a. In young leaves, by temporary accidental bande, developed under tlie action of 

hvdrnchloric acid. 

b. In old loaves, by a permanent accidental band, developt^d in an alcoholic solu- 

tion with the same acid. 

c. In dead leaves, by permanent accidental bande, which appear immediately in 

the alcoholic solution without thb intervention of bydrochdoric acid. 

Chlorophyll is much less alterable dhan is generally supposed ; it resists the action 
of iodine, acids, alkalis, and the animal digestive powers, and preserves, under the 
induence of these agents, if not its composition and primitive charatter, at least some 
properties which permit of> its recognition in the most complex and varied mixtures, 
even after a considerable Lapse of time t^*hautard, Compt, rend, Ixxvi. 1273 ; Ixxvii. 
396 ; Ann, Chim, Vhye, [5], iii. 

Alteration of Chlorophyll the action of Light. — An alcoholic solution of chloro- 
phyll becomes decolorised when exposed to the magnesium light for half an hour, 
even when it is protected from the beat by bei^ surrounded w'ith a stratum of water. 
Sensitive photographic paper exposed in a similar manner for the same time, side hy 
side with the chlorophyll solution under a stratum of a solution of potnemum diebro- 
mate, is scarcely acte^t on^ whilst the chlorophyll solution is decolorised. On the 
contrary, when iropper sulphate is substitutea for the dichromate, the fsi|»er is 
blackened, but the chlorophyll solution remains unchanged (A. Cossfi:, Deut, Ckem, 
Oe*. Ber, vii. 368). 

Chautard finds that the action of light on chlorophyll is considerably modified by 
the nature of the solvent. Thus when chlorophyll is dissolved in fixed oils, the 
colour UD^rgoes no alteration in full dnyli^t in mht or ten months. In benzene 
the alterability of chlorophyll under the actum of llj^t is rather quick, but far less 
so than in presence of alcohol. , 

* 002 
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If to an alcoholic eolation there be added a drop or two of TOtash, the green colour 
becomea more pelaiatent, at the eame time that the red band doubles itself after some 
time, as it does immediately qndcr the influence of heat. The same doubling takes 
place under the prolonged action of ammonium sulphydrate, but it requires seTeral 
months keeping in a dark place to produce the effect. An alcoholic solution of cab- 
bage chlorophyll, treated with a little ammonia, likew^e develops these supernume- 
raiy bands, which always appear in the portion of the spectrum more refrangible than 
the red {jCo\npt, rend. Ixxyiii. 414). 

The brightest rays of the spectrum not only cause the largest amount of assimila- 
tion in plants, but are likewise most eff<*ctive in bringing about the formation and 
destruction of chlorophyll. The less refrangible part of the spectrum is not, however, 
w hitherto supposed, capable of protlucing all the chemical actione which take place 
in the chlorophyll granules; this is true indeed with regard to the formation and 
oxidation of chlorophyll, and tha assimilation of carbonic acid and water; but the 
oxidation of xanth^hyll takes place only under the influence of the most refrangible 
or chemical rays. The brightness of light, under whose influence the green substance 
is formed, is much loss than that required for the destruction of chlorophyll ; but the 
brightness necessary for oxidation of chlorophyll is the same as that required for the 
assimilation of carbonic acid and water in the chlorophyll granule. 

Solutions of chlorophyll an<l xanthophyll remain unaltered in a dark room, even if 
exposed to ordinary (inactive) oxygen, but they are bleached on exposure to light. 
If, however, chlorophyll be dissolviai in turpentine- oil containing active oxygen in 
solution, decoloration will take place even in the dark. 

The fact that in light of high intoiiHity more chlorophyll is destroyed than is 
formed, explains tiie^ phenomenon that etiolated plants become green more rapidly in 
diffused light than in direct sunshine, and that plants of a bright green colour be- 
come pater in very bright light, and recover their deep green colour under moderate 
illumination (Wiosner, Cficm. Centr. 1874, 363). 

Action of H^drochloHc acid. — Solutions of chlorophyll in presence of hydrochloric 
acid undergo a remarkable decomposition ; the green colour disappears ; the liquid be- 
comes turbid ; an<l on flltration, a solid* mutter, nearly black, remains on the Alter. 
Tkts black matter, when dicotyledonous plants have been used, is amorphous; 
whereas that obtained from the chlorophyll of monocotyledonous plants is crystalline. 
It is soluble in other, benzene, chloroform, carbon sulphide, and in boiling alcohol 
of 5 per cent. The colour of the sofitition varies with the solvent, being brownish- 
yellow with ether and benzene ; yellow with carbon sulphide ; and violet with 
chloroform. All the solutions give a spectrum having five absorption-bands similar 
to those produced by chlorophyll, but not occupying the same position in the spec- 
trum, and varying a little according to the nature qji* the solvent. Prolonged exposure 
to solar light decolorises the solution (Filhol, Compt, rend. Ixxix. 612 ; J. Phartn, 
Chim. [4],<xx. *Mh). 

Con»tit 2 ftion.—h'T^myj from experiments made some years ago, concluded that 
chlorophyll is a compound of a blue Hubstanco, phy llocyauic acid, and a yellow 
substance, phylloxanth in, the former being soluble in hydrochloric acid, the latter 
in ether {Ist Sniypl. 443). By more recent experiments {Compt. rend. Ixxxlv. 983), 
he finds that the may bo eift meted from chlorophyll by alcohol of 62 

per cent., which leaves the phyllocynnic acid undissolved ; this latter is, however, 
dissolv^ by alcohol of 70 per cent. On adding a few drops of baryta-water to an 
alcoholic solution of chlorophyll, a deep green barium salt of phyllocyanic acid is 
precijdtated, while the alcohol a^uires a Hive golden-yelWw colour from the phyllo- 
xauthin which remains in solution. Fr4my is of opinion that the yellow and hluo 
substance exist in chlorophyll in a state of simple ’iqixtupe. The green colouring 
matter contains potash, and may therefore be regarded as pbyllocyanate of potassium ; 
and, in fact, by decomposing the phyllocyanate of barium w'ilh a solution of potassium 
sulphate, a pliyllocyanate of potassium is obtained, which dissolves in alcohol with a 
fine green colour, and agrees m its spectroscopic and other characters writh the green 
colouring matter extracted from leaves by alcohol. 

The constitution of chlorophyll h^s also been investigated by Leo Liebermann 
{Wten, Acad. £er. [2to Abth,)lxxii. 699), by means of Hpectroecopic observations on 
sedutions of chlorophyll, on a decomposition-product obtained by treating chlorophyll 
with hydrochloric acid, and on alcoholic extract of violets previously treated with 
nitric acid fluid then with ammonium sulphide. These observations lead to the follow- 
ing eoDoluaions : (L) The chlorophyll of differeut plants exhibits but trifling differ- 
ences in optical enaracters, and consists in all oases of a saline compound, composed 
of chlorophyllic acid and a basic substance. (2.) The basic component, phyll o- 
chromogen, is capable of nssuming the most various colours under the influence of 
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QxIdifliDg and reducing B^[enta, and is in fact the parent ci the eolouring mattm of 
flowers. (3.) The formalin the oolouzins matters of flowers iday be explained on 
the snppositioD that the cnlorophjll is in somh way solved into the tsro constituents 
above mentioned, and that the phylIcKrhromogen is converted by oxidation into a 
violet, blue, or red colouring matter. (4.^ When the leaves fade, a slight reduction of 
the chlorophyll takes place. The basic constituent of chlorophyll and the colour- 
ing matters^ of flowers, are \a some respects analogous to the colouring matter of 
blood, exhibiting an absorption-spectrum similar to that of oxyliiemogLobih ; moreover, 
chlorophyll is said to couUiin iron, and, like bsmatin, is dichroic in alcoholic or 
alkaline solutions. 

See further, Pringsheim {Ckem. Ceuir. 1876, 217); and Suchsse (Sttsun^itber d. 
naturfori>ch. in Lcipzia^ 1876, 115; Jaftresb, /, Chem, 1876, 87 1» 672; 

Chem, S(K, J. 1877, ii. 208). 

Assimilative Fumiion of Chlorophyll . — Sachsse {loe. cii.) regards chlorophyll as 
the first visible assimilation-product of the vegetable oiganism, and supposes that it 
is formed by reduction of carbon dioxide and water; that by further alteration and 
reduction it is convened into ^tarL‘b, and otSior c^irbohyd rates, and conbequeutlj that 
cidorophyll is the mother-substaiico of starch. 

According to Briosi {Ga£j:eUa chimica, ifaluwo, 1876, 457), starch is never found 
iti the chlorophyll gTsins of vino-leaves ; fatty matters and glucose alec are present 
only iu insignificant quantities, whilst tannin is abundatii, being found, n<it only in 
the epidermal cells, but also in those coniiiiniiig chh>i'ophy'll, iind tiiost largely in the 
upper layers of the loiif exposed to the direct action of light, where the action of the 
cliloropliyll is must ene^etic. Briost d«»es not, however, consider this fact, even when 
bikon in conjunction with other unpublished observatious. sufficient to warrant the 
conclusion that the tannin is furnitHi in the chlorophyll of the vine-leaves, as the 
researches hitherto nuulo on tlie function of tannin indicate that it is a secondary 
product, or proiluct of degradation. 

On the Assimilative Function of Chlorophyll, see also Gerland (Pogy. Ann, 
cxlviii. 90; Chem. Soc. J. 1873, 401); .Stutzer {Dent. Chrm. Ges, Her. ix. 1896; 
Jahresh. f. Cfu^m. 1876, 864); Krnuss (//. Arch. pi. not, Iv. 385; Jahreeb. 1876 , 
864), r 

On the existence of Chlorophyll in the undigested residues of Food, see Chauticra^ 
(CompU rend. Ixxvi. 103 ; Chem, Soc. J. 1873, 521). 

CB9b0»03tAlfBTBTlinra, C‘H«C1N« (Wallach, Dcut. Chem. Ges. Brr. vii. 
326; Liehip'a clxxxiv. 1). A laise pr<xluced by the action of phosphorus 

pentachloride (2 mol.) on diclhyloxamhle (1 mob) On mixing^ the two substances, 
reaction begins iiii mediately . w'iUi evolution of hydrochloric acid, and a light yellow 
liquid is formed, fr<»m whicli diethyloxamido may be reproduced by the action of 
M'ater. but which, w'hcn left to itnelf, dec.<7mfH»ftes spontanoouNly, witli riso of tempera- 
ture, and further evolution of hydrochloric aqjd. On freeing this liquid by distillation 
under rtxluced pressure, from the phosphuriis oxychloride product in the reaction, 
the chloroxali^thyline remains in the form of hydrochloride. The reaction appears 
thert'fore to take place by two stages : 

CO-^NH— C*H» CCl»-NH«-C’*H* 

I + 2POB 2POCI* 4- I 

CO— N U— C*H» CCl*— NH— (PH» 

and C*H'*CPN* - ZUCi = C‘H«CIN» 

Chloroxalethyline is a transparent colourless oily liquid, having a narcotic odour 
and strong alkaline reaction, a sp. gr. of ri420 at 15*^, and boiling constantly at ^ 
2 17^-21 8^. It is combustible ; attacks catiutchouc strongly ; crystallises in a freenng ‘ 
mixture ; and dissolves in alcohol, ether, and a large quantity of water, but is less 
soluble in warm water than iti cohl, so that a clear solution prepared at ordinary 
temperature becomes turbid even at the heat of t he hand ; conine exhibits the Mune 
peculiarity. The aqueo.is solution has a hiKer taste. The base itself acts like a 
nerve-poison, . 

Chloroxalethyline is a strong liase. Its salte dissolve rm ecsily in water and in 
alcohol, and crystallise well. The hydro* hloride, C*H*C1N*HC1, crystaUisi!i> from an 
aqueous solution in nee^lles containing 1 mol. of water. On standing over stdphtiric > 
acid it becomes anhydrous, and is conv**rtcd into a crystalline, very hygresHmic mass, ' 
From alcohol it ciy stall ises in prisms ; it sublimes xesdily, and can 1^ distilled with- 
out decomjMjsition. The j ii/fijioth!ori,l-:\ 'C «H>riN>.uci)>PtCl*, eiystalliM, turn 
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dilute alcohol in well-defined priems. The nitraU and sulphate dry up to viscid maesi 
The oxalate^ <>H"C1N*.0*0<H*, is obtained in white need^ by adding other to j 
alcohoUo solution of the base an^ ozalid acid. The forms yellow needles. 

With metaUie suite chlorozalethyline forms a series of well-characterised double 
compound and precipitates. Silver nitrate forms in the aqueous solution of the base 
a precipitate of the compound C^H*C1N* NO»Ag, which crystallises from water in long 
needles, from alcohol in thick prisms. With mercuric chloride two compounds are 
formed, viz.* C®H*ClN’‘.HgOl*, produced like the silver salt, crystallising in needles, 
slightly soluble in water and in alcohol, melting at 100® ; and C*H®ClN*.HCi.4HgCr% 
which is formed on adding mercuric chloride to a solution of chlorozalethyline hydro- 
chloride, and ciystallises in needles very soluble in hot water. A very finely crys- 
tallised compound is also formed with mercuric cyanide. 

An aqueous solution of the base yields also the following precipitates : 

Mercurous nitrate : white, voluminous. Ferric chloride : brown. 

Mercuric cyanide : white, crystalline. Ferrous sulphate : bluish green. 

Stannous chloride : white. ^ Cobalt nitrate : violet. 

Auric chloride : yellowish brown. Iodine and potassium iodide : brown. 

Copper sulphate : after some time or on Potassio-mercuric iodide : white. 

beating, blue. Phosphomolybdic acid : yellow. 

Thtillium chloride : white, soon turning Ammonium molybdate : white, 
brown. Tannin : white. 

Bromine unites with chlorozalethyline in ethereal solution, without perceptible 
evolution of hydrobromic acid, forming an addition-product which solidifies in deep- 
red crystals. 

With the alcoholic iodides, bromides, &c., chlorozalethyline reacts like a tertiary 
base, producing compounds of the ammonium type. With methyl iodide, a violent 
reaction soon sets in, the compound C®H®C1N“.CH“I being formed, which crystallises 
in white prisms or needles. On boiling this iodide with caustic potash, ethylamine is 
given off. The iodide, treated with an alcoholic solution of iodine, yields a crystallino 
poriodide ; it also forms a similar compound with bromine. On treating the iodide 
witR 'moist silver ozide, the very alkaline hydroxide, C“H®CIN*.C“H*(0I1), isformeil, 
crystallising in deliquescent plates. C®H®ClN‘‘*.C*‘*H®Br is formed only when its consti- 
tuents are heated together to 100®, and crystallises in very hygroscopic needles; 
the porbromide forms beautiful crystals* 

In all the reactions above described chlorozalethyline exhibits a close analogy to 
the alkaloids of the nicotine group. 

GKXiOltOMA&MBTn'XiXirfif G^H^CIN®, is formed, like the ethyl-compound, 
by the action of phosphorus pentachloride on dimethyloxamide, and may be obtained 
in the pure etate by distilling oft' the phosphorus oxychloride, dissolving the residue 
in cold water, adding potash, shaking wjtli chlorolbrm, and distilling the crude base 
which remains on volatilisiug the chloroform over baryta. 

Chloroziilmethyline thus prepared is a colourless liquid, boiling at 204®~205°. 
It is miscible with water in all proportions, ha.s a strongly alkaline reaction, and 
yields witli dilute sulphuric acid a solution, showing a fine fluorescence. It has an 
unpleasant, sweetish smell, and a caustic^ bitter t^iste. The hpdrochloride, 
C*H*CIN-*.HC1 + IPO, is very soluble in water and alcohol, and forms oblique prisms, 
which are stable ip the air, lose their water over sulphuric acid, and then become 
deliquescent. The platiuochloride, (CUl*ClN-*.HCl)^PtUl*, ^’rystallises from water or 
dilute alcohol in long reddish-yellow needles, which are almost insoluble in absolute 
alcohol. The oxalate, C*1I*CIN'*.C-0*H*, is much lessj^oluble than the corresponding 
chlorozalethyline salt, and crystallises from alcohol i» prisms. The picrate forms 
small yellow needles. The base gives preinpitates with metiillic salts. 

The methiodiule, C*H*C1N‘‘^.CH®I, crystallises from alcohol in white needles, and 
yields a periudide forming deep-red needles, and a perbromide crystallising in yellow 
plates (Wallnch, loo, cit.') 

OBOXdWTBBXir, Z>ea^i/y.— According tucMehu (J, Pharm, Chim, 

[4], XX. 17d)» the density of cholestcrin (referre<l to water at 20® as unity) is 1046- 
1*047; according to Hoppe-Seyler {Gfttclins Handboo/r, nyiii, 113) it is 1*067; ac- 
cording to Hein (t^ir/.) it is 1*U3, after fusion. 

Reaction with Sulphuric acid, — When sulphuric acid is added to a solution of 
cholesteriu in chloroform, the upper liquid assumes a blood-red or pu^le-red colour, 
while the under liquid exhibits v'Z green fluorescence (E. Salkowski, Chem, Cen/r, 
1873, 286). 
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Oxidation , — The oxidation of cholestorin by potaBsium pennaiigaiiato j^elda three 
acids, via. cholesteric acid, C**H®0*, oxychoieateric acid, 0**H^*0*, nod diozycholes- 
terie acid, C**H*^. These^cids are soluble in amocKmia and form amorphoua preci- 
pitates with all metal^ except the alkali-metals. They separated by meaoi of , 
their salts ; those of dioxycholesteric acid dissolve in benxin (petroleum), but are in- 
soluble in alcohol and ether ; those of oxycholesteric acid dissolve in bousin and in ether ; 
those of cholesteric acid in alcohol, ether, and benxin (LaUchiiioff, BuU, CUns. 
[2], zxi-ii. 456), 

Separation Jrom Fate . — The mixt ure is sapouitiod with caustic soda, and the 
saponified mass after cooling is exhausted with other. On evaporating the ethereal 
solution, the cholostcrin remains behind (CommaiUe, Catnpt. rend, Ixxxi. 819). 

Xeoclioleeteiiii (E. Schulxo. J. pr. Chnn. [2], vii. 163). This eu^tanoe, 
isomeric with cholestorin, is obtained, together wi^ the latter, by saponil^dog the 
grease of Hheep*s wool with alcoholic );K>tash, and is doposited on cooling from 

a hot alcoholic solution, together with cbolesterin, in W’hite flocks (2mf iShppf. 328). 
To serrate the i»i>itieric alcohols, they are converted into bonsoates, which, when 
treatea with alcxihol and cr^stalHsoil from ether, yield ahiniiig rectangular leaflets 
and fine needles. These two kinds of crystals may bt^ separated by elutriadon and 
crystallised from ether ; the shining leaflet s arc thou found to consist of choleste^l 
benzoate, and the m^^llos of iso^olosteryl benzoate. The latter digested with 
alcoholic potash yield isocholeeterin. 

Isoi'holesterin separates from absolute alcohol in fiocks when the solution Is dilate, 
but a concentrated alcoholic solution solidifies to a translucent jelly. When evapo- 
rated with nitric acid and aftcrwanls treaffnl with ammonia, it gives the same reaction 
as cfaolestcrin, but when treated with sulphuric acid aud iron chloride, or sulphuric 
acid, and chloroform, it docs not react lik« cholostcrin (2Hf/ Suj»pl, 331). Isocholoa- 
terin, like cholcstcrin. is slightly solublo in cold aliHjhol, but easily soluble in hot 
alcohol or ether. Hot acetic acid dissolves it roiidily, and the solution on coiiling 
deposits flocks of an unstable compound of isocholestcrin and acetic acid, which loses 
its acetic acid on fusion. Isocholesterin melts at 137^-138*. and solidifies, on cool- 
ing, to a lirittle vitreous muss. A mixtun^ of cholcstcrin and isocholesferiti. melts at 
a lower temperature than either separat<ly; one such mixture melted at 1.^6**.,^ 
Lsnchofe^^ierylhenzoatr melts .'it 190*^-191®, is very slightly soluble in alcohol, nioro^ 
soluble in hot acetone, and still more «*,'iBiIy soluble in ether, frmii which it separates 
in microscopic needles. hochoUsfaryl acriati is ob^nined by <]igesting isocholeaterin 
with acetyl chloride till the evolut ion of hydrochloric acul ceascH, and tlnm heating the 
mixture to 100® in a sciiI«Hl tuU?. On reinoviiig the oxcc^ss of acetyl chloride by 
eTH]x)nititin, isocholestoryi acotat** is ubtaineti as an amorphttus suhstiince, melting 
below 100®, ami easily solublo in alcohol. leochoUetcryl etearate is olrtained by heat/- 
ing isocliolesterin w'it’h stearic acid to 200®. The pnxluct melts at 72®, and separate^ 
from ether in inicroscrrpic tieo< lies, which dissolve to a small extent in hotMUloonol and 
separate frrjrii it in flukes. 

Phosphorus [smf4vchloride converts isochtA ester in into a yellow resinous mass, 
easily solublo in ether, slightly soluble in alcohol, and having the composition of 
isocholestoryi chloride, v12*>l|**Cl. 

A thin! alcohol, less rich in carlion (haii cholesterin, appears also to be ouniained 
in the ioKoIuble |Mjrtioii of sheep’s-wool grease, but it has not yet been isolated. 

The potassium salts, which occur in considerable quantity in the portion of the 
grease which is solublo in water, proVwibly arise from the saponifleat ion of the choles- 
terin salts. This may pc rluips account for the presence of freeeholesterin (E. (Schulze, 
J. pr. Chem. [2], vii. 163)." 

CKOmra, The baaea of thie oompoeitioa 

obt^iined (a) synthetically frcjm »*thene chlorhydrin and trimethylamine, and (3) from 
brain -substance, poultp'-eggs, and the testicles of the salmon (1st Suppt. 448), appear 
from comparison of thei r pj ati no-ehlori des to Y»e perfeetl v identical . Cm)! ine hydrochlo- 
ride dehydrated as completely as possible--" or, netter. the platino-cbloride — and gently 
heated with very strong nitric acid, yields muscarine (2nd Sujfpl, 829 ),»the sparingly 
solnble plati no-chloride of which is easily separated from unaecoinposed choline salt. 
With dilute nitric acid, no muscarine is obtained, Init instead of it a ni tfo-pro4sot» 
which forms a very efflorescent plati no>chlorkle, (C»H‘*N*0^1)’.Pt0l*4*a®to. 
Potassium permanganate and chromic acid sometimes convert choline partially let' 
muscarine : sometimes not : betaine has never been fsund as a product of this rent 
(SchmMbeig a. llariiack, CJkm, Crufr. 1870, 554). 
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Am&nitine, an alkaloid occurring, together with muscarine {^nd 829X in 

the fly-agaric, m likewise identical with choline; its gold-salt has the oompopition 
C*H'*NOCLAuCl*. The separation the two bases is^ffeeted by placing the mix- 
ture of their hydrochlorides oli paper, which absorbs the more deliquescent muscarine 
salt, learing the amanitine salt behind. A repetition of this process yields the latter 
pure; the muscarine may be separated in the form of aurochloride, which is more 
soluble than that of amanitine. Amanitine, like choline from other sources, gives off, 
when headed, trimethylamine and a volatile oxygenated base, together with other 
products (Harnack, Ciem, Centr, 1876, 560). 

CBO&OO&YCOXiXiXC ACXB, is produced by the action of nitrous 

acid on glycocholic acid. Its barium salt (C“H^*0^)*Ba + 3H*0, and silvtr mlt, 
have been prepared (J. Lang, BuU. 8oc. Chim, [2], xxv. 180). 

CKOSTORXB. See Oblatin. 

CM0Sri>B02»XTB. See Humitb. 

OHOirX»»V8. Various statements have been made regaiding the presence of 
sulphur in the so-called Irish pearl or Caragheen moss {Chondrus crispus). According 
to Church (./owraa^w/ March 1876) it contains a large quantity of sulphur, only 

partly as sulphate. By oxidising the dried and pulvoris^ alga with nitric acid and 
pota.ssiam chlorate, and precipitating the sulphuric acid with a barium salt, no less 
than 6*41 per cent, sulphur was obtained, while the ash contained only 2*64 per cent., 
100 pts. ot* the fresh alga yielded 18 8 per cent, water, 9*38 albuminous matter, 55-64 
gelatinous matter, &c., 2*15 cellulose and 14*15 ash. 

When one part of potassium dicbromate is heated with 
three parts of gypsum, the following reaction appears to take place ; 

‘iK^Cr'^O' + 2CaSO^ » 2CaO + 2K=*SO« + 60 2Cr®0*. 

On boiling the ignited mass with water or, bettor, with dilute hydrochloric acid, a 
fine powder of a rich green colpur is obtained, having great tinctorial powers. It is 
very stable, resisting the action of watei\ acids, air, and sunlight (Casali, Gazz. chim. 
U(U. iv. 564). 

The pigment called Plessi/^s Chromo-green is prepared by adding calcium phosphate 
to potassium dichromate, and treating the mixture with sugar. It is not a defloite 
compound, but a mixture of the ph<v<phate8 of chromium, calcium, and potassium 
with chromic oxide and water (G. Kothe, Dingl. pol, J, ccxiv. 59). 

CKBOMB-TSKi&OW. See Chbomatks (p. 461). 

OHBQMWM. Occurrence. — Chrome-ores, which have been abundantly 
worked since 1858, occur in the serpentine of a trfangular tract of land situated be- 
tween Austria, Wallachia, and Servia. The principal ore is a coarsely crystalline chrome- 
iron ore, having a deep black colour, fatty lustre, and brown streak. Finely crystal- 
line chrome-iron ore Iik 0 wi.se occurs iif clefts, witJi coatings of serpentine or chrome- 
ochre, and having rather a metallic than a fatty lustre. 

The first three of the following analyses are of Hungarian chrome-iron ores, ami 
show the varying amount of chromic oxide. Manganous oxide and lime are som^^times 
present, sometinidti absent. This variety 'of constitution is remarkable, inasmuch as 
all the ores are from the locality above mentioned. No. 4 is an Asiatic chrome-iron 
ore (locality not further specified) given for the sake of comparison. 




1. 

2. ft 

3. 

4. 

Chromic oxide . 


5809<> 

17-096 

39-574 

60 022 

Alumina . 


14-496 

IthcllO 

20-626 

10601 

Ferric oxide 


21-337 

22-499 

18-658 

20*192 

Magnesia 


. 2-018 

21101 

17 065 

3*130 

Manganous oxide 


0-002 

— 

— 

5-200 

Lima 


— 

8*300 

— 

0 026 

Silica 


3 639 

14*211 

41 90 

— 



*99-588 

99317 * 

98.013 

99*171 


(A. Hofinuisu, Jakrb.f, Min. 1873, 873). 

Rich deposits of chrome-iron ore, frequently containing from 24 to 48 per cent, 
chromic oxide, are found in the serpentine rocks of the islands of £ubcea, Sinos, and 
Paros ; in the Pelopotmesius near Corinth ; and in Phthiotis (Landerer, Ckem. Cenir. 
1876, 590). 

Christumanos [^Drut. Chcm. Gcs, Bcr, x. 343) gives the results of the analyses of 
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fifty ii|Mciineii8 of ehroine-uoii or» firom Tarious localitieo in O r p a c o and Asia Minor. 
Theae oies may bo rofanrod to four tjpeo reprooentod by the fonDnlttf*:^ 

Ci»0* 2FeO * I • , Cr*0*.FeO 

2Cr>0*.3FeO I 'sCr*0*.2F®0 

On the occnmnee of ehroine*iron ore in the serpentine of Boerms and other 
localities in Norway, see Helland (^a4r6. /. Min. 1876. 870; JSfoc, J, 1877, ii. 

120 ). 

Eatimaiion of Chromium la Chrome-iron ore, — F. C. Phillips (ZiriYseAr. 
aneU, Chrnn, 1873, 189) decomposes the ore by heating it in a sealed tube with sul- 
phuric acid of sp. gr. 1*34 ; mixes the resulting solution with excess of sodium carbo- 
nate ; and adds bromine-water, with agitation. In this manner the chromium is 
obtained in solution as sodium chromate. 

Dittmar (Dingt, pot. J, ccTcxi. 45<)) disintegrates chrome ores by melting them 
with a fiux prepaid by fosing 2 pts. of liorax glass with 3 pts. of a mixture of sodium 
and potassium carlionates in ecjuivalent proportion, till all the ciii'bonic acid is ex- 
peUed. The melt is dtseolveJ tu water, and tne solution is lK)il(Hl with u few drops of 
alcohol to reduce any maiiganates that may bo present. The solution contains an 
alkaline cliromate, the chromium in which may bo estimated by any of the usual 
methods. 

According to R. Kayser {Zeitachr, anal, Cham. 1876, 187), chn)roo-inm ore may be 
easily disintegrated by beating the finely lerigatad powder with 2 pU. of calcined 
sodium carbonate and 3 pts. of slaked lime. 

The following volumetric method of estimation is described by Jean a. Pellet 
(Suit. Soo. Chim, (21. xxvii. 200). The fused mass obtained by beating the finely 
divided ore with alkaline carbonate is exhausted by boiling with water ; the ferric 
oxide filtered off ; the filtrate concentrated to about 400 c.c. ; hydrochloric acid care- 
fully added until there is only a slight alkaline reaction ; and the whole reflltered (if 
necessary) and diluted to 500 c.c. Of this solution 260 c.c. are exactly neutralised 
with a few drops of dilute hydrochloric acid, and 50 c.c. of pure baryta-water 
added, then some carbonic acid water, and the whole boiled for a quarter of an 
hour in order to expel the excess of carbonic acid. When the solution is cold; it is 
diluted writh water until it atgain measures 500 c.c.. and 250 c.c. of the clear filtrate * 
titrated with a standard sulphuric acid containing 1 2 58 grnms of 100 c.c. of 

this solution are equivalent to 0*25 gram. CrO*K\ and the number of cubic centi- 
meters used corresponds exactly with tlu' percentage of potassium chromata CrO*K*, 
which the chromo-iron ore w*ould furnish. 

The following precautions must be taken ; 

1. The sodium carbonate and hydrochloric acid used must be free fropi sulphuric 
acid, phosphoric acid, and calcium sa^. 

2. If a turbidity be observed on the addition of the sUindard sulphuric acid, the 

assay must be recommenced, as the carbonate of barium has not been completibly pre- 
cipitated, on account of insufficient boiling. « 

3* The baiyta-water must be free &om potash or soda, or at all events the amounts 
of these alkalis present must l>e accurately det«^muned and ileducted from the total 
alkali found. 

The above process is applicable also to the assay of insoluble chromates which are 
decomposed by fusion with alkaline carborates. 

On the Eatimaiion of Chromium in Iron and Steal. — See Ibok. 

Separation from other metala. — Gibbs recommends the use "of bromine or 
chlorine to separate chromic oilfide from the oxidee of the third and fourth groups, in 
alkaline solution, or in presence of sodium acetate. Phillips {Zeitachr. anal, Ckem, 
1873, 189) finds that the separatidn of chromium from zinc, manganese, iron, and 
sluminium by means of bromine U complete. Traces of manganic acid and ferric acid 
may be decomposed by alcohol. 

The presence of alumina hinders the reaction to some extent, and if alumina is 
present, Uie solution should be very dilute and should contain only a small excess of 
sodium carbonate. The solution must not be heated till after the addition of the 
bromine, for if water be add kl to the hot liquid, onl^ small quantities of chromic 
oxide are converted iuto chromate, even after long heating. 

Separation of Chromium from Uranium. — If the chromium exists in tUh mixture 
ss chromate, t^ether with only small quaotities of chlorides or sulpliates, and no 
acid is present, which, like phosphoric acid, can form a mercury salt not csasiiy ^'ola- 
Lllised, the chromium may l>e precipitated by Bemlia»*a method, with mercuiotts 
nitrate. This salt, must be free from nitrite, otherwise ^le chromic acid will be more 
LIT less reducetL The precipitatirm K-et < fft eteil at the bailing heiit, uud tliu prcid- 
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pitste washed with a hot dilute solution of the nitrate. Precipitation with barium 
acetate, with ^uldition of alcohol, also gives good results. Lead acetate gives a preci- 
pitate which passes through the paper. When chlorftes or sulphates are present in 
large quantities, the soliAion may he boiled with soda. The sodium uranate is 
filtered off, washed with water containing sodh, rediasolved in hydrochloric acid, and 
the uranium determined as usual. The chromium in the filtrate may bo precipitated 
by ammonia after reduction, for which pur^se rfh alkaline nitrite is preferable to 
alcohol, since the time occupied in boiling off the latter is saved. When the chromium 
is not present as chromate, it must be converted into sodium chromate by boiling with a 
slight excess of soda and then ad(^|e bromine- water. The small quantity of 
chromium which, in this process, is ^Iwnpiiated with the sodium uranate formed in 
the reaction, is separated as above described (W. Gibbs, Chem. Newa^ xxviii. 63). 

Separation from Uranium and Iron. — The following method is an extension of 
that given by Beville (iii. 387J[ for the separation of iron and aluminium. 

The mixture of the sesquioxides of the three metals, obtained by precipitation 
with ammonia, is weighed, after washing and ignition, in a porcelain boat, which is in- 
troduced in a porcelain tube and heated to redness in a current of hydrogen, whereby a 
mixture of iron, uranous oxide, and chromic oxide is obtained. The iron is removed from 
this mixture by passing over it, whilst heated to redness, a current of hydrochloric 
acid gas. After cooling in a stream of hydrogen, the mixture of uranous oxide and 
chromic oxide is weighed- The uranous oxide is then dissolved out by nitric acid, 
leaving chromic oxide, which is washed, ignited, and weighed. The difference be- 
tween these two weighings gives the uranous oxide, which is calculated to U*0'*, and 
added to the weight of chromic oxide found. The sum of these deducted from the 
weight of the original mixture gives the weight of ferric oxide. The iron may also 
he determine^! directly by passing a current of steam mixed with a little hydrochloric 
aciil through the tube after the removal of the boat. The chloride thereby formed 
is carried along by the water which condenses, and in this liquor the iron may be esti- 
mated by the usual methods. The uranium may also be estimated directly in the 
nitric acid solution. By th^ metlnxl irrjn and chromium can be separated, as also iron 
and uranium, and urun turn and chromium (A. JDitte, Ann. Chhn. Pfiys. [5], xii. 135). 

r Oxides and Salts. Ctiromlo Componnda. Accordinj^ to Kammerer 
{Zoitachr. anal. Chem. 1873, 375), both chromic hydrate and chromic phosphate are 
soluble in alkalis, but ou boiling Gie alkaline solution, only the hydrate is precipitated, 
so tliat phosphoric acid, if present, ♦'will bo found in the filtrate. 

Chromic AraenitCy Cr''*A.s‘0'*, is formed on mixing a hot concentrated solution 
of pure chromic acid wdth a hot saturated solution of arsonious acid. The liquid 
turns greei^and remains transparent ; but if kept for some time at the boiling heat, 
it becomes turbid, and deposits the chromic larsouito in the form of a dark-green 
powder (R. Novile, Chem. News, xxxiv. 220). 

Chromic Sulphates. — The s,alt Cr’(S0‘)® -i- 15H‘0 was obtained some years 
ago ill violet octohedrons by Schr5tter and by Loewcl (v. 688). Another violet salt, 
containing a laiger quantity of water, is produced by dissolving 100 pts. of chromic 
anhydride in 160 pts. sulphuric acid and 226 pts. water, and acting on the solution 
with vapour of other. By tliis means a salt is obtained which crystallises in plates 
permanent in Yho air ; ha-s at oixliimry tomporaturos the composition Cr*(SO^)* -f 18H*0, 
Hiuilng(.iu.s to that of cry.slHliise<l aluminiiftn sulphate ; gives off 30*6 per cent, of its 
water at 100^; and is converted, by loss of 1211^0, into a green crystalline sulphate, 
Cr-*(SO^)“ + 6ir**0, w'hich is deliquescent, and convert ibie into the anhydrous salt at a 
dull red heat. The violet sulphate also.loses part of "its water, and is converted into 
the green sulphate, by leaving it in the state of fine powder, in contact with dehydrat- 
ing liquids, such us fuming nitric or sulphuric udld^, or phosphorus trichloride. The 
violet phosphate with 1 2H^O is likewise convert^ into the green phosphate with 
6H^O, l>y heating it to 100'", and behaves similarly to the violet sulphate with fuming 
nitric and sulphuric acids (Ktard, Compt. rend. Ixxxiv. 108Q). 

Boul^c Chromic Sulphatea belonging to the green modification, and repre.sented by 
the general formula Cr'"R*(SO*)* or Cr*(SO<)*.3R2SO*, analogous therefore to the 
rhodic.douldo salts, Rh"'R*(SO*)*, und to the cliaractciAstic double salts of the cerium 
and yttrium groups, are prcKluced : a. By adding chromic oxide or chromic sulphate, 
or a dottt5le salt Cr"'R(SO*)* (obtained by heating an alkaline chromate with strong 
sulphuric acid), to the molten anhydrous bisulphatos (pyroaulphates) of the 
ulkali-metals, the mixture being kept in the fused state for eight to ten hours. On 
leaving the crucible to cool slowly, the molt so1idifie.s to small green crystalline 
masses (Womicke, Vogy. A^n. cUx. 672). By gradually adding chromic chlov^ 
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to a moltan acid sulphata of alka!i-metal« and extracting the excess of the Utter 
with water, the chromic double aglphate then remaining undissoWed : ^ 

6RHSO* + Crsa* « 6Ha +* 2CrBHSOV 
(Etard, Compt rend, Ixxxiv. 1089). 

The potaeeium mlt cratallisejt in greenish-yellow fhrry needles (Etard) ; in 
slender needles, which under the microscope appear prismatic with hexagonal out- 
line, and therefore probably belong to Uie hexagonal system — a view which likewise 
agrees with their optical characters (Wemickey The sodium salt is a crystalline 
powder (Etard) ; forms large cri^stals (Wemk^). The fifkium salt forms slender 
needles, haring a greyish-green colour with a of riolet-red (Wernicke), 

All these ^ts are anhydrous, and are formed at compaiatirely high temperatures, 
whereas the formation of crystals of violet chromic salts appears to require a lower 
temperature and the addition of water. The green double sulphates above described 
assume a transient violet colour when gtuitly heated, and on pxolonged oxp^uiure to a 
red heat, they give off half their SO’, the remainder of tlie salt Iteitig resolved into 
Cr^* and ; they are decomposed by boiling with potash, with separation of 

chromic hydroxide, and are easily broken up by fhsion with nitre. They are insolnhlo 
in acids, whether dilute or concentrated, but appojir to be decomposea by prolonged 
treatment with strong hydrochloric acid (Wemicko). 

Stoztiie or Cliromfo 01iromate« CrO’ Cr(Cr’0’)0*. According to Hintx 
{Liediff*s Annalen, clxix. 367), this oxide is l>eBt prepared by the method of Schweitjcer 
(J, pr. Cheat, xxxix. 269), which consists in passing nitrogen dioxide into a ntodarately 
dilute solution of potassium dichroraatc. The precipitate, wbieli is formed mon* 
quickly on heating, consists of brown hydrated chrtimium dioxide, which must be 
washed, first with water, then with alcohol, and dried by prolonged heating at 260^. 
It gives off its water ver^ slowly, a ^rtiun weighing only a few grains requiring a 
week to dry it. Acconling to Schiff {Liebigs clxxi. 116), the dioxide is 

best prepared by evaporating a mixture of potassium diehromato and oxalic acid with 
nitric acid. ^ 

Anhydrous chromium dioxide is a very hygre iicopic powder having u fine deep 
bUck colour; the hydrate has a dark l.'rowii colour which wiis attributed by 
Vauquelin to the anhydride. It gives off oxygen at 800'’. Dry ehlurino acts but 
slightly on the black dioxide, even at 2o0^, forming a small quantity of chroinabK'blo- 
ride or chlorochromato of chromium, Cr*0’Cl’ (Is? Suppl. 486), chrt>myl dichloride, 
GrO’CI’, being probably formed in the first instance, anu converted at a higlier tem- 
perature into the chiomatochloride. The hydrated dioxide is also but very slightly 
attacked by chlorine, acquiring at (he same time a dark colour. With dry gaseous 
hydrochloric acid, the anhydrous dioxide yields at first water, chlorine i£id green 
chromic oxide, then a small quantity of violet chromic chloride resulting from decom- 
position of the latter. Phosphorus peiitachloride is likewise almost without actien on 
chromium dioxide (Uintx). , 

Trioside or Ohromlo JLnlijdHde, CrO’. According to Ficinus {Arch. Phartn. 
[3], ii. 23 ; iii. 3Uo), Wariugtaii's method of preparing this oxidt^ (whicli consists in 
mixing 1 vol. of a cold saturated solution of p<;tassium dichroraate with 1} vol. of 
strong sulphuric acid) often fails, in consequence of the acid employed not being 
strong enough, in which case no separation ef Uic trioxido takes place. The addition 
of more sulphuric acid throws down only a small quantity of trioxide in red flocks. 
It is better, therefore, to evapirate the liquid over the watcr-batb till a si^all portion 

J )laced on a watch-glass crystallfl^s on c^xilin^, and then to allow the whole to stand 
or two days, whereby fine crystiiis are olAaiued. 

l^en the trioxide is to be prepared frequently, it is advisable to use the residual 
sulphuric acid from a previous optWiion : it is then onl^ neccsfwnr to evaporate some- 
what longer over the water-bath. On using the fame acid a third time, a little potas- 
sium bisulphate ciystallises out with the chromic trioxide. 

For preparing chromic trioxide once only, 1 part of a cold saturated solution of 
potassittio dichronuite may lie mixed with 1 part of strong sulphuric acid, and tlio 
mixture evaporated over the wiifrr-bath. In this way a considerable saving of sul- 
phuric acid IS effected, whilst the product is as abumlant, and as well crystallise*] un 
that obtmned by Warington's method. • 

Preparatum from Barium Chromatr.^1ty the following method tlie whole of the 
chromic trioxide contained in liarium chromate may lie quickly and easily '3i 
tained. 100 pts. of barium chromate are mixe*! with 100 pis. of water, and to this 
mixture 1 40 pts. of nitric acid of 40^ strength of Baum^*s hydrometer are aclded. The 
order of making the mixture is iiufiortarit. Tlie liquid havrng been heated till it iume 
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red, 200 pts, of water are added, and the mixture is boiled for ten minutes. After 
that the solution is allowed to cool, whereupon barium nitrate is rapidly thrown down. 
The liquor, after decant^ion, itf concentrated till its Tolume becomes about equal to 
that of the acid used. %unng this operation nearly all the barium that remains 
intact is deposited, not more than 0*6 pt. of the salt per 100 ^ts. of chromic trioxide 
being left. Finally, the excess of the nitric add used is driven off by evaporating 
nearly to dryness, adding a little water, evaporating again, and so on several times, 
till no fumes are observable on testing with a ^ wetted with ammonia. The 
chromic trioxide may then be easily crystallised ouL It is very nearly pure, and 
may easily be obtained perfectly pure by precipitating the small trace of barium pre- 
sent with sulphuric acid, evaporatin^and crystallising out the chromic trioxide. 

The process here describe might V^e carried out on a large scale. In that case 
the excess of nitric acid might be condensed, and the barium nitrate formed in the 
process might be employe^ for the making of barium chromate (Buvilliers, Compt, 
rend, Ixxv. 211). 

Reaction with Iodine . — When iodine is placed in a concentrated solution of chro- 
mium trioxide, the liquid becomes dark-coloured, and assumes a syrupy consistence. 
It refuses to crystallise, and may bo rendered scaly by spreading on glass plates. 
When ignited it leaves a residue of grt^en chromic oxide. 

There appears to 1)e some indication of the formation of a volatile compound of 
chromium and iodine, but if so, it is decomposed at a temperature but little above 
that at which it is formed, and it has not been isolated. 

If to the solution of chromium trioxide and iodine, sulphuric iieid be added, the 
iodine is rapidly oxidised to iodic acid ; but the reduction of the chromic acid is 
never complete (J. Walz, Chem. News^ xxvi. 246). 

Combination of Chromic Ojcid with Wool and Sifk . — Chromic acid, notwithstanding 
its energetic oxidising power, possesses the property of uniting directly with wool 
and silk, aifd of producing with these animal iibres, without altering them, a yellow 
combination which will bear washing. To dye white wool, it is first passed through 
a bath at 60*^ containing 'sodium carbonate to the extent of about one-fifth the weight 
of wool, to get rid of the last. tracCb of sulphurous acid, and then, after being washed, 
introduced into a bath of chromic acid composed, for each kilogram of wool to be 
dyed, of— ^ 

Potassium dichroniate 60 grams 

Hulphuric acid of G6^ ...... 60 ,, 

Water . . . . . . . . 40 to 60 litres 


To obtain a very fine straw-yellow, the wjjoi is kept in the bath for some minutes 
at 30° ; to obtain darker shades the skeins are turned for 20 minutes at a higher 
temperature, which, however, it is useless to raise above 60°. The wool is then 
washed in abundance of water. 

As cotton is not dyed under ^ese conditions, it may thus readily be detected when 
inix^xl with wool or silk. 

The chromic acid combined with the wool retains some of its characteristic pro- 
perties. Without leaving the animql fibre, it may be converted into lead chromate, 
or reduced by sulphurous acid to the state of oxide. 

A variety of colours may be produced by further dyeing the yellow wool with 
logwood, madder, Brazil wood, &c. 

When wool so dyed w'ith chromic acid is introduced into a natural wine, it takes, 
after prolonged ebullition, a charaoteristic clear* brown tint, always the same, 
wherever the w'ine has been produced. Such w'ool, placed in a mixture of wine 
and water fraudulently colours, takes, if the added colour is influenced by chromic 
acid, a tint which shows clearly the nature of the fraud (Jacquemin, CompU rend, 
Ixxix. 623). 


Chromates. Neutral potaseium chromate, K-'CrO* is converted into the dichro- 
mate K^CrO^.CrO* by the action of carbonic acid ; also, w*ilh evolution of ammonia, 
when its aqueous solution is boiled with sal-ammonia (F. Mohr, Zeitechr. anal, Chern^ 
1872 , 278 ). " 

A r^alt which has the composition K*H'Cr*0'^ and may perhaps be regarded as 
potassio-vAromic dichromate, J (CrO*)'-* -i- H“0, is formed by the action of 

nitrogen tetroxidc on a boiling solution of potassium dichromate in fuming nitric acid. 
It is a brown-violet amorphous powder, without taste or amellt insoluble in water, 
alcohol, acotic ncid, &c, Cp. gr. 2*28 at 14°. When heated above 300° it melts and 
deconifobc.s, leaving a rrsidtio containin;? chromic oxide and potassium dichrumate. 
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Nitrio acid eearoely acta npoii it at ordinair Umporaturaa, but disaolTea it pa^aUjr, 
irhen heated* with formatioQ of ^romic acid. Sulphuric acid also doeR*4ot diaadve 
it in the cold* but when heated with it* forms a solution* which* when neutralised with 
ammonia* jields ammonium chromate. Aqueous sulphurous acid dissolyea it but 
elightly ; hot concentrated hydrochloric acid dissolyea it* with evolution of chlorine. 
A mixture of this salt with potascifhi chlorate detonates by heat* but not by perens- 
Mon (Tommasi, B^U. 80 c. Chim. [2], xvii. S9ij). 

Potiusium CMorochromate, KCLOrO'* treated with ammonia* yields, according to 
Heintse { 2 nd SiippL 333). the salt (CrO^)*(OK)*. A. Loist. on the other hand* obtains 
by this reaction nothing but potassium diclirhuigte mixed w*ith ammonium dichromato 
and a small quantity of chromic oxide {<J.pr, CHem, [21* v. 332). 

Lead Chromate . — When neutral lead chromate ia treated witli about twice its 
weight of boiling concentrated nitric ncid* alK>ut 9879 per cent, chromic acid and only 
1*21 per cent, lead oxide are dissolved, the remainder of tho leii^l being precipitated 
ns nitrate in the orystalline firm. On adding more water tho whole of the lead ia 
reconverted into neutral eliroinato. l*l>CrO» (Duvillier, Ann. Chim. Phytt. [4], 
XXX. 204). 

For the estimation of lead sulphate in commercial lead chromate (chrome- 
yellow, chrome-orange, &c), Duvillier mixes 1 juirt of the pigment with 2 or .3 parts 
of nitric acid of 1*42 sp. gr., 1 to 2 parts of water and part, alcohol* and gently lieata 
the mixture. Ily onreful evaporatiiui to tlrynesa. so aw to avoid decom}K>Hition of the 
reaultiijg chromic nit rale, and solution in water, the amount of undtssolvod lead 
sulphate may l>e determined with UiUsrablo exactness {^Compi. rend. Ixxvi. 1362). 

Witt stein {Dinyl. jHtl. ccx. 280) regards this method as inexact* and recommends 
the following prcK^ess for eMtinmting tho lead sulphate and other impurities present in 
chrome -yellow** such as the sulphates of barium and calcium, and enruonatoof calcium. 
The pigment is boiled for half an Lour with soda-solution, and tho residue* after 
thorough wasbiug* is dissolved in acetic acid ; the liquid fllterod from the undissolved 
barium sulphate is treated with hydrogen sulphide to precipitate tho lead ; tho lead 
sulphide is dried at 100^ and weighed; the barium still* present is precipitated by 
sulphuric acid, and the calcium with amtnouium wvalate. The alkaline liquid fUter^ 
from tho lead, barium* and cjilriuni precipitAtes is strongly supersaturated with hydro- «- 
chloric acid, the sulphuric acid is precipitated by barium chloride* and then the 
chromic acid is thrown down by neutralising the ncu^with ammonia* adding a further 
quantity of barium chloride if necessary. ^ 

BiHmnth Chromates . — Two of these salts were d<*scril»ed by 932), and 

four others have been prepared by Muir {Chem. 8 f*c. J. 1876, ii. 16 ; 1877, i. 24, 6ifi). 

o. 3Jii-0*.20r0* is obtained by prec*ipitating a nearly neutral solution pf bismuth 
nitrate with potassium ciichromate (ViiilHru), or by the action of caustic potash ou the 
salt 3 or • (Muir). For its formation from the second of these salts Muir gives the 
equsti<.»n : • 

3BiH)*7CrO* + lOKHO « 3BiM>.2CrOA AK«CrC)* + 61DO ; 
its formation from 6 may bo represented by tho equation : 

3(6Bi*0*.llCrO») 4^ 46KHO - 6(3Bi»0».2CrO») + 23K*CrO* 23U»0. 

L()we describes it as an egg-yellow flocculent procipitaf^* which after awhile becomes 
dense and crystalline. Muir obtained it in the form of a h«ivy dark brown-red salt, 
insoluble in water. • 

Bi^CF.CrO*. obtained by bbiling the foljowing salt with <liluto nitric acid, or by 
treating it with alkali, is a verm ilion -coloured salt* consisting of an aggregate of 
veiy minute microscopic needles* insoluble in watvr, but easily dissolved by dilute 
hydrochloric acid ; it is also dissolved* though not so readily* by dilute nitric or 
sulphuric ncid. Hot caustic soda -solution partly dissolves it, and partly converts it 
into a yellow chromate [probably 3Bi*0*.2C^*|* 

y. Bi*0*.2CK>* is obtained by precipitating an arid solution of bismuth nitrate 
with potassium chromate, and crystallises with 1 mol. Il'-O in orange-yellow needles, 
belonging, aceordi]^ to Burghtynit's measurements, to the orthorhombjr; system, ami 
apparently exhi luting the combination . gc V . F. 

3. dBiW.llCrO*, obtained by prolongt-d h&iti^ of y with dilute ijitric fwid, is n 
heavy mldish-orange-coloured salt crystallising with 6U’^0. 

e. 3Bi*0*.7CrO* (at 100^), obtain^ by treating 3 first with strong and then ^»th 
dilute nitric acid ; is a light omnge-oolonrwl salt, insoluble in wsUsr* but ertsily dissolved 
by mineral acids, especially by hydrochloric acid. Btrrjng ]iyrfr«x;ldoric tieid dissolves 
it without the aid of heat, with evolution of chlorine andTormatifm of a dark claret- 
coloured liquid. Cold caustic potash partly dissolves it» and converts it into a loose 
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btiUcy light yellow salt. Boiling potash eonverts it, and likewise the preceding ealt^ 
into the ses^nibasic salt 3Bi®0*.2CrO*. 

C Bi*0*.4Cr0* is obtained by boiling fi with strong nitric acid, the reaction probably 
taking place in the manner represented by the following equation ; 

6(Bi*0».CrO») + 8NO»H = Bi«0*.40p0» + Bi^».20r0» + 4(Bi«0».N^0») + 4H*0. 

It forms red ci^stals, which appear under the nticroscope as monoclinic prisms, and 
‘ contain 1 mol. H*0, which is not given off at 100®. It is insoluble in water whether 
hot or cold, easily dissolved by dilute nitric or ^drochloric acid. Strong hydrochloric 
acid dissolves it, with evolution of chlorine. , n^en very gently heated over a Bunsen 
flame, it parts with its water of crysfjaUisation, and at high temperatures it decom* 
poses, giviqg off red fumes, and leaving a dark green powder partly soluble in acids. 

The momer-liquor of this salt, yicldd^ when poured into water, a yellow precipitate, 
consisting of the salt Bi*0*.2Cp0*, which is likewise obtained by dissolving the ruby- 
coloured salt in a small quantity of strong nitric acid and pouring the solution into water. 

CHMrrBAMKmiO JLCZB, (Liebermann a. Giesel, 

J)eut. Che7n, Ges. Ber, viii. 1643; ix. 329). This acid, originally obtained from aloes 
by the action of nitric acid (i. 965), was formerly regarded as the tetranitro-derivative 
of chrysophanic acid, since De la Kue a. Muller, by treating chi^sophanic acid with 
fuming nitric acid, obtained a product which they regarded as identical with the 
chrysammic acid from aloes (l<f^ 8ujpipl. 460). Chrysophanic acid has however been 
lateW shown hy Liebermann a. Fischer {fieut, Chem.. Ges. Ber, viii. 1103) to be, not 
0**H"0S but that is to say a derivative, not of anthracene, 0**H*®, but of 

mothylanthraccno, Hence if the tetranitro-derivative of chrysophanic acid is 

really identical with chrysammic acid from aloes (the analyses of which show that it 
contains only 14 atoms of carbon), the methyl -group of the chrysophanic acid must be 
removed by the oxidising action of the nitric acid going on simultaneously with the 
introduction of the NO^-groups. 

To decide this question, Liebermann and GiesoL have endeavoured to replace the 
nitryl-groups of chrysamn^ic acid from aloes by hydrogen, so as to obtain the non- 
nitrylised primary substance from which it is derived. If chrysammic acid is really 
t-dtranitrochrysophanic acid, the stibstance thus obtained should be chrysophanic acid ; 
whereas if the product should be another substance reconvertible into chrysammic 
acid by direct nitration, then thjs substance, and not chrysophanic acid, must be the 
primary of chrysammic acid. Tho result has shown that chrysammic acid is a deri- 
vative, not of chrysophanic acid, but of anthracene, and has moreover brought to light 
the dioxyanthraquinone from which it is immediately produced. 

Hydroolirjraainiiildo, This body, discovered by 

Schunck (tii. 191), is the product of the action of reducing agents on chrysammic acid, 
and is formed from the latter by substitution of (NH*)* for (NO*)*, When potassium 
chrysi^mmato is added to a slightly alkaline solution of sodium sulphydrate of sp. gr, 
1*06, ns long as it. wall dissolve (about 30 grains to a litre) reaction begins spon- 
taneously, and may bo assisted by heating the liquid for a short time to the boiling 
point. The blue solution must bo quickly filtered and left to cool slowly, whereupon 
tlio whole solidifies to a mass of needles having a splendid coppery lustre. These are 
w'ashod on a filter, first with water, then for several days vrith dilute acetic acid, to 
remove adhering inorganic salts, then dried, and exhausted with carbon sulphide to 
remove sulphur precipitated at the same time. The substance thus purified gave by 
analysis 66 26 to 65*83 per cent, carbon, 3*48 to 3*99 hydrogen, and 18*37 nitrogen, 
agreeing olokely with the formula C'*H**N*0*, which requires 66*00 per cent. C., 
4*00 II., and 18*67 N., wherens the formula C**H**N*y.>*, proposed by Schunck, requires 
60*60 a, 8*61 H., and 16*86 N. 

Uydroohrysammide dissolves without alteration in strong sulphuric acid, and is 
reprccipitAte4 therefrom by water. If only a small quantity of water be added, the 
whole Holidifios to a pulp of yellow needles of a sulphate, from which the sulphuric 
acid is easily removed by a larger quantity of water. 

Hydrochry-sammido treated with nifrotM acid is converted into a diazo-compound, 
and on boiling this compound with absolute alcohol, and pouring the alcoholic filtrate 
into water, a yellow precipitate is formed, consisting of chrysaein, C'*H*0*, one of 
the modifioations of dioxyanthraquinone ; and^ this substance, treated with fuming 
nitric dcid, is converted into tetranitrochrysaain, C'*H*(NO*)*0\ identical in 
eveiy respect with chrysammic acid obtmned from aloes. 

Kespeoting the crystalline form of cbiysammic acid, and the properties of its salts, 
see p. 108 of this volume. 

OMiTSAXOBlM* A*wroba soiMisf, BaMia powder, Goa- powder. These names 
are applied to the pith of a tree — belonging to the leguminous order, according tu Dr 
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Silva {Pkarm, J, Thmt. [8], v. 723) — a speoias of OMuilpinia, acocnding to HolmM 
801 ), used as au external application in certain skin diseasee. It|« a very pr^ 
ductive source of'chrjsophanic acid, conUinin^* according to AttMd*s analjsis 
{ibid. 721), 80~S4 per cent, of that substimee, togotJier ii4th 7 per cent, of arabin, 
bitter substances, and a glucoside (not further examined), 2 per cent, resinous matters, 
5*5 woody fibre, 1 moisture, and 0*ff asti. 

CnntYSUV. 0UI^N*S> (Wallach, Deaf, CJ^m, Gra. Bar, vii. 902). A sulphu| 
derivative of hydrocyanic acid, formed by the action of hydrogen sulphide on*a eon- 
centrated solution of potassium cyanido in water or in dilute aqueous ammonia. The 
l>e8t result is obtained by just covering 100^800 grams of potassium cyanide with 
water, and passing in sulphurtdted liydrog^'tdl Uie mass becomes black and opa<|ue. 
The yellow flocks which settle to the' bottepfc may then be separated filtration, 
washed with cold water, and purified by crystallisation from hot water. The reaction 
may be represented by the equation : 4 

4CNK + 4H=« « 2K*S + NH» + C-n»N-a», 

Chiysoan has a very beautiful colour, like that of mosaic gold. It dissolves with 
great difficulty in cold water, more easily in boiling water, and crystallises from tho 
solution in flat, flexible needles ; tho aqaewus solution has a neutral reaction. Chiysean is 
soluble also in alcohol and ether, ns well as in acids and alkalis, and crystallises out 
uiichangetl. The solution in sulphuric acid or h3»'drochloTic acid immediately imparla 
a red colour Ui pine woo<l. 

In aqueous eo1uti<<ns of clirysc.an, a<ri<tfe of lead produces, after a time, a dull 
white precipitate which sotm turns black — the blackening takes place at onc.e when 
heat is applied ; ferric rhforule W'ith heat gives a black precipitate ; silver uitratf a 
deep red precipitate, which very quickly becomt^ black; ^atinus chloride (with 
uddilion of HOI) pnxliices at once a brown procipitate. 

When the aqueous solution is warmed on the water*bath with mercuric oxide till 
the yellow liquid becomes colourless, and then Altered, a residue is obtained consisting 
of mercuric sulphide, and a filtrate containing basic mercuric cyanide, showing that 
ttic chrysean has been split up into sulphurctt^ hydrogen and prussic acid. 

Nitrous acid produces »• romarkablo alteration in cliryswtn. If to an nquAou-^^ 
solution of chryscan some fuming nitric acid, or diluted nitric acid and sine, or ratris- 
sium nitrite and sulphuric acid, is added, the liquid* is imnudiately coloured rea, and 
tho vessel betHimes filliKl with 1^, six^ngy fiocoiih, which form when dry an amorphous 
mass having a green luslro. This rwf substance is very slightl,v soluble in water, but dis- 
solves somewhat more easily, with fuchsiiuvrcdeolour, in alcohol and other. It is easily 
taken up by caustic srxla and potash, also with a re<l colour, and is again thrown down 
fin addiiifui of acids. It is not, how'e^er, rcnrlered pure bv this operatioD,%ince partial 
tlecompositioti takes place, as is evidenced by the smell of ammonia on solution in 
alkalis, and by that of sulphuretted hydrogen when it is precipitated by aci^. The 
alcoholic solution of the rfsl colouring mailer sljoww very lieautiful coiour-react.ions 
when mixed with alkalis. A fine, but very transient green cvilmir is nroduced by tlio 
addition of very small quantities of an alkali ; with larger quantities the Holuti(m is of 
a fine violet colour, hut this sorm passes into a dirty red. 

OKATSnB« This hydrocarbon, originally found by Jjaurent among 

tho last products of the distillation qf coabtar, is also produced, according U» 
Berthelot, together with ficveral others, when l>enacno-vapour is passed through a red- 
hot tube (Is^ Supjjl, 459 ; 2nd Suppl. 338). O. 8«!hultz {Deut, Chem. Ge^. Ber. vi. 415) 
has obtained by this latter psecoss four hydrocarlains, viz., diphenylbenzeno, 
melting at 206^, and an isomeride which mmts at 85*^ ; also two othen which melt at 
266^ and 106^ respectively, the latter forming a picrato. He regards Herthalut’s 
chrysene as different from the chfyscne obtained from coal-tar, and as identical with 
diphenylbenzene. Berthelot, on the other hand {^BuU, 80 c, Chim. {2], xxii* 437). 
maintains that his chrysene obtained by decomposition of benzene is shown bynnalysui 
to have the composition of tripfaenylene, ; moreover, that it differs firom Stiuftz’s' 

diphenylbenzene by its property of combining with picric acid. He regards fichultz's 
hydrocarbon as a hydriOB of obrysene. 

Chrysene is alw formed, together with diplflmyl-anthraoeno, hydrocyanic acid, 
ammonia, ammonium cyanide, and free carbon, when acoltenzeoa is passed ^through a 
red-hot tnbe (Claus a. Seeker, Beul, Chem. Gee. Ber. viii, 37). 

Ghiysene has been further investigated by E. Schmidt (/. pr, Chem. [2], ix. 250, 
270), with the following results : 

Pure chrysene, C'*U'^ may be prepared'l^J the action of tin and hydrochloric acid 
on the compound of chrysene and dintfro-aothraquinene produced by treating an 
alcoholic solution of commercial anthracene with nitric acid (p. 484). It crystallises 
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from benzene or glacial acetic acid in well-defined colourless plates, belongii^, accord- 
ing to Hahfi’s measurements, to the orthorhombic system. Axial ratio, 
a : 6 ; 0=1 : 1^376 ; 2*490^ Contbination, P : OP, the latter face predominaihi;^ 
' BO far that the crystals app^r like plates. Angle P : P on the front terminal ed^o 
= 160’6®; on the side terminal edge, 79 6®; on the lateral edges, 144®. Chrysene 
melts at 260‘=', sublimes below its melting point ip shining lamihse, and boils at a 
^mperature considerably above 360^. It dissolves but very sligJjQtly in alcohol, ether, 
carbon Sulphide, benzene and acetic acid at ordinary temperatureiS, much more readily, 
especially in the last two solvents, at the boiling heat. The solutions as well as the 
crystals exhibit a deep reddish-violet fltjorescenc©.* 

AnniTiosT-FBODrcTs. Chrysene does not take up hydrogen ^ either when its 
alcoholic solution is boiled with sodium-amalgam, or when it is heated to 200® with 
o«>ncentratcd hydriodic acid and amorphous phosphorus. 

Trinttroplienol-Cliryaenet C**H'®.C*H*(N0*)*0, is obtained in long red 
needles, by gradual evaporation of a mixture of the moderately concentrated solutions 
of chrysene and picric acid in benzene. 

mnltroantliraquliione-Clburjraenef C'*H^^.C**H*(N02)^0*, is obtained by dis- 
solving 40-60 grams of the greenish-yellow commercial anthracene melting at 207®- 
208® in 6 litres of alcohol of 96 per cent., adding 30 grams of nitric acid of sp. gr. 1’4 
to the filtered solution, and boiling the liquid in a fiask connected with a reversed 
condenser. The fine red needles thus formed are the pure compound .f It melts with 
partial decomposition nt 294®, is almost insoluble in alcohol, ether, carbou sulphide, 
benzene and chloroform, and dissolves sparingly in boiling glacial acetic acid. 

Itinitroanthraquinone-chrysene is convert^ by fuming nitric acid into dinitro- 
aiithraquinone and tetranitrochrysene, and hot concentrated sulphuric acid decomposes 
it into a Bulphoi\ic acid of chrysene, and a dinitro-anthraquinone identical with 
Fritzsche's reagent (Is^ Suppl. 181, and p. 99 of this volume). Treated with tin and 
hydrochloric acid it yields chrysene and reduction-products of dinitro-anthraquinone. 
It was formerly regarded by Bolley as mononitro-anthraceno (p. 94). 

SunsTiTUTioN-PKODXJOTs. I^lbroiiio-ohrpaeiief is formed by 

f'.Ae action of bromine on a solution of chrysene in carbon sulphide. It is very 
sparingly soluble in all solvents, and ctystallises from boiling benzene in well-defined 
glistening white needles, melting at 273®. When heated it sublimes in brilliant 
nefnlles. Alcoholic potash acts on it only at 170®-18()®, chrysene being apparently 
regenerated. On boiling it carefully with potassium dichromate and sulphuric acid, 
or a solution of chromic trioxide in glacial acetic acid, chrysoquinone is formed. 
Fuming nitric acid dissolves it, with liberation of bromine and formation of nitpo- 
products ; f he final product seems to be a tetrarntro-ebrysene. 

Pulverised chrysene absorbs bromine-vapour, and is converted into a yellow-brown 
mass, from which, by washing with other and reciystallisation from benzene, white 
needles are obtained, yielding by analysis 36*48 and 36’29 per cent.C., 1*64 and 1*49 
H., 61*97 and 62*12 Br, whence they appear to consist of a mixture of tetrabromo- 
chrysene with more highly brominatM derivatives. 

Cblorool&rjraetiea. When chlorine is acted upon by chrysene at 100®, the 
principal product consists of dichlorochrys one, C*"H’®C1*, which crystallises from 
benzene in soft/ white needles, melting at ^67®. It is almost insoluble in alcohol, 
ether, and carbon sulphide, a little less soluble in hot benzene, and sublimes in brilliant 
needles. Alcoholic potash and nitric acid act on it under the same conditions as they 
do on the dibromo-compound. When chlorine is passei over chrysene at 160°~170®, 
t rich loro chrysene, is formed, which crystallises from benzene in fine 

needles, melting above 300®, and dissolving, but. very sparingly, in boiling alcohol, 
ether, and chloroform. 

Iffltrooliryaenefl. Chrysene boiled with nitric acid in alcoholic solution is very 
slowly converted into m oiionitrochrysene, C**H**(NO*); the same compound is 
formra much more rapidly by heating the hydrocarbon with nitric acid of specific 
gravity 1*26 on u w'ater-buth. It is purified by subliming the product and reciystal- 
listng the yellow needles thus obtained from benzene, git crystallises in thick prisms 

* AncorllinK to IT. Morton (^rnct'k'aii CftemM^ v. 116) tbe flaorasoence and stMorptlon spectra of 
chrysent. liquid or diAsolveit. are very miioh lilce those of anthracene, thongh not identical therewith. 
Solid chTysene exhibits 4, diasolve<l chrysene A maxima of tight in it« fluorescence spectrum, their 
IKMiUons being affected by tlie soireut (uldoroform, beuxeue, tnrpcntine-oll, ether). Two or three 
Hbsorptlon-bandfl a«rr observed. Insolation displaces the maxima of solid ctaiTBebe to the side of 
irreatest refractimi, and develops a fifth maxlmom. 

t In the inotli«r-Uqu»r of this ijbmponnd, different prodtacta art found, incitiding anthraqninone 
and phensnthmis, which latter Is not acted upon iqr nitric acid In an alcoholic sdotion, and is thus 
easily obtained pure. 
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which ave grouped in stare, melt at 209^, and are very aparin^lj soluble in alcohol 
ether, and carbon sulphide, more freely in benaene and gl^ial ac^io aeid. When 
dnely divided chrysene is boiAd for some time wfth nitric acid of specido gravity 1*3, 
Laurent's nitrite de chr^stnaee, C'*H*0 -f is obtaindd, whidi is a mixture of the 
mono-, di', and tetrauitro-compoundB. On heating this product carefVilly, the tetra- 
nitroGhiyiiene is Carbonised, while the two other compounds sublime. ^ They are sepa- 
rated by recryst^isation from benxene or acetic acid. Binitrochrysene, 
C**H'*(NO*)^ is almost insoluble in alcohol, ether and benaene, and eratallises drom 
glacial acetic acid in fine yellow needles melting above 800^ ; it sublimes in long 
yellow needles. Tetranitrochrysene, C**H*(!NO*)S is formed firom the preceding 
derivatives by the action of fuming nitric acfd, or by prolonged boiling with very strong 
nitric acid. It crystallises in yellow needles, is nearly insoluble in all solvents, dis- 
solves but sparingly in glacial acetic acid, melts at a temperature above 300^, and 
detonates at a stronger beat (Schmidt). 

A yellow basic substance, said to be prodneed byjboiling 
chrysene with water containing hydrochloric acid, and then adding ammonia (Phipson, 
Chem, iVlpttw, xxx. 69). 

V, C**n'*0^. Thia compound, the dioxyquinone of chiysene, 
has been extracted by Clans Chem, Gee. Her. viii. 157) thorn an artificial at isariii 

paste nbiaint'd from the fsctury of Meister, Lucius and Briining. On neutralising 
this past with potash, and subjecting (he dried potaciBium-compoundM to fhactional 
boiling with alcohol, the ohrysezarate is first dissolved, with bUHid*red colour, and 
aflerwards the alizarato with violet colour. The two snlta difler so greatly in their 
solubility in alcohol, that, an almost quantitative separation may be effected in this 
manner.* On evaporating the first alcoholic extracts, the chrysesarate remains as a 
neutral mass of dark-brown nearly black colour, quite diflereiit from the violet-brown 
of the alizarate. 

Potassium chrysezamto dissolves readily in -water, forming a yellow-rod solution 
Oom which acids throw dow^n the chrysesarin as a b^lky gelatinous lemon-yellow 
precipitate. 

Chrysezarin dissolves easily in boiling glacial acetic acid, and crystalllsoB thorefl^m 
on cooling in dark brown needles having a splendid brouso metallic lustre; it dissolve 
readily also in alcohol tuid ether, remaining on evaporation of these solvents in the 
form of small yellow needles. It is insoluble in«colcl water, but dissolves sparingly in 
boiling water, forming a yellow sfilution, which on cooling deposits slender felted 
needles. It melts abo\'e and sublimes at 305°--3l0^. mostly in feathery groups 

of broail netnlles having an orange-yellow colour and splendid lustre. 

CRX>TSnr, C*‘H**0* (J. Pic’^^ard, Heut, Chem. Oes. Her. vi. stfl ; vii. 888). 
This substance, also called enri/einic aH^ was first obtained by Piccard from the buds 
of Ptjpulue nigra un<l P. pgramidaiis. Ho has since obtained it from the bu*Js of 
Popufus monofifera or ba/sami/era^ and now adopts the following method of extraction : 
An alwihoUc extract of 100 parte of the bods is precipitated by an alcoholic solution 
of 12 parts of lead acetate, and the next day the liquor is filtered from the precipi- 
tate, freed from load by hydrogen sulphide, and subjected to distillation in order 
to remove the spirit. The acid liquor renmtnii^ in the retort denoftits a resinous 
mass, which is to be once crystallised , from spirit, and then freed from fat, resin, 
sulphur, saMoin, and |x»pulin, by successive treatment with absolute alcohol, ether, 
carlx>n sulphide, and Imiling water. Boiling benzene now extracts from it a substance 
called tectochryein. The impure substance is next ftised at a temperature of 275^, in 
imler to cjtrbonize certain impurities, then dissolved in alcohol, and treated witli a tew 
drops of Isisic lead acetate, ii«ed from lead by means of hydrogen sulphide, and 
finally crystalUsed twice from spirit. 

Chrysin, when pure, forms bright yellow, thin, shining plates, which melt and 
sublime at 275*^. It dissolves in about 66 parts of hot or 180 parts of cold aloohol. 
Acetic acid and aniline dissolve it with moderate facility, ether less remlily, and 
carbon disulphide, petroleum, benzene, or chloroform scarcely at all. It is insoluble 
in water, but aqueous a]kali| dissolve it with a yellow colour, and if the solution has 
not been long l^ilerl, unaltered chnrsin is prccipilated on the addition of an acid ; but 
by prolonged boiling with alkalis chrysin is resolved in phloroglncin, acetiaand benzoic 
acids, and methyl-phenyl ketone. When an ammoniacal solution of cbiysin is 
evaporated, unalteTwl chrysin remains, and the ammoniacal solution ytelcf-n with 
calcium or barium chloride a yellow precipitate, which becomes black when exposed, 
in the moist state, to the air. An alcoholic solution of chrysin is precipitated by lead 
acetate, but the precipitate is soluble in excess of the ifagent or in aceifoaetd. Ferric 
Atrikes a violet colour with an alcoh^e aolution of chrysin. Concentrated 
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sulphnrio acid and nitric acid dissolre it mih a yellow colour^ and the latter aolntion 
depoaita gnurahtrcryatala of nitrocbmin. 

is ootained by miring an alcoholic solution of chrynn 
with excess of bromine, and washing tho slender needles which are deposited, with 
alcohol containing bromine. When dried orer sulphuric acid, it forms a felted mass 
of silky crystals which become exceedingly electric on pulverisation. 

. JH^iodfichryain^ 0*®H"PO^ — When iodine is added to an alcoholic solution of 
chrysin, the action is slow and incomplete, but the addition of iodic acid causes 
it to take place rapidly, needles of diiodochrysin beiug deposited. The same 
compound is formed when a solution of iodine in potassium iodide is added to an 
alkaline solution of chrysin. Diiodochrysin is less stable than the bromine-compound, 
losiug weight and changing colour at 100°. 

Dichlorochryein, C*^H*CPO^ is obtained in needles when a solution of chrysin in 
acetic acid was subjected to the action of a stream of chlorine. 

Dinitrochryaint 0“H*(N0*)*0*. — A cold saturated solution of chrysin in strong nitric 
acid soon becomes warm, evolves nitrous fumes, and deposits a crystalline substance. 
The same body may be obtained by adding dilute nitric acid to chrysin, and evapora- 
ting off the acid. The product thus obtained is contaminated with oxalic acid, 
resinous substauces, and aromatic oily substances. It is purified by being first boiled 
with water and then with alcohol, after which the residue is dissolved in ammonia, 
and on evaporating this solution, crystals of ammonium dinitrochryainaie are obtained. 
This salt is easily jiurifled by crystallisation, and may thenbe decomposed by an acid. 

I>initrochrysin is almost insoluble in alcohol, ether, benzene, &c., but dissolves in 
hot acetic acid or aniline, from which it may be obtained in large crystals. It forms 
two compounds with ammonia, an orange-red basic salt which is very slightly soluble, 
and is decomposed by being boiled with water into ammonia and the achi salt. This 
latter has a bright yellow colour, and does not lose all its ammonia when water is 
repeatedly evaporated from it. 

Homologruefl of Cliryaiii. Piccard {Dent. Chem. Gea. Btr, 

vi. 891 i vii. 894; x. 176). These bodies are formed by treating chrysin dissolved 
iiT’^methyl-, ethyl-, and amyl-alcohol with the corresponding iodides, and 

boiling the prodfucts with potash. They are easily separated from unaltered chrysin 
by extraction with chloroform, whidn ^leaves the chrysin undissolved. 

Methylchryain, or Tectoohryain^ C**H*®0*= 0“H*(CH*)0*, exists in poplar- 
buds, together with chrysin, is contained in the first crude product of the preparation 
of the latter, and may be separated therefrom by its much greater solubility in benzene. 
It is much lesn soluble in alcohol than chrysin, anij crystallises from alcohol or from 
benzene in lar^, well-defined, sulphur-yellow, monoclinic prisms, exhibiting tho three 
tbllowin^ combinations: 

(1) . OP ooP.?. 

(2) , OP . ooPoo . ooP. 

(3) . OP . oePoo . aoP2 . 

Axial ratio i Principal axis: , Clinod. ; Orthod. 

1*64 : I : 186 

Angle of inclined axes « 63*6®. 

Methiflchrifsin melts at 163°-164°, ItS’ bromine-derivative has tho eompo^iition 

Ethylchrysin forms long, silky, thin needles melting at 146°. 

Amtfh'hrt/sin, from amylic alcohol of fermentation, likewise forms thin nefdles which 
meh af 126°. 

Dibromamylchryain, C'*H’Br'(C*H")0*, formed by evaporating a solution of 
bromine aud amylchrysin in chloroform, ciystnllisos in slender needles. 

Methyl-, ethyl-, and amyl-chrysii^ ell dissolve sparingly’ in alcohol, easily in benzene 
and carbeui bisulphide, and with great facility in chloroform, and are thereby perfectly 
distinguished from chiysiu. 

ClOTSin, as already observed, dissolves in alkalis with deep yellow colour, and is 
resolved by prolonged boiling therewith into pbloroglucin, acetic and benzoic acids, 
and methylpheu}'! ketone, whereas the above-named derivatives are not soluble in 
alkalis and are but very slowly attacked by them. It follows, therefo re, that chrysin is a 
phenol, of which the methyl ailH other derivatives are ethers, and that chrysin con- 
tains only one hydroxyl-group. 
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CnnKYSOCO&&A. Ouprie silica^ (y, 252). — Ifc Hutchinn, Ckm^, JATaira, xxsAr, 
141, xxxTi. 18. This mineral ofoum in lai^ qnant^aa, togetliar with ooftpei^itchblendr 
(Kupferp^herz) in Mexico, and both these minenda ar^ imported ifito ] England for 
copper^emelting. The chryaocolla ia light bltdah-greoB : lu^raneBa » 4*0 ; the copper- 
pitchblende dark brown, abnoet black; ^rdneM« 6 0. It containB large quantitieaof 
gypsum intermixed, and here a:rd there copper carbonates. When large lumps aiv 
broken open, they often show drusy carities in which the chi^aooolla occurs in 
botryoTdal forms. This botryoVdal chxysoooUa is always coated with a thin layer of 
quarts, sometimes amorphous, but more firequently in very minute crystals. The 
minen^, which were very pure, were dsied at 95° for some hours previous to 
analysis : 


Silica soluble in Na*CO* . 



t'tirrsocoU*. 

Ooigior-pltcbblenile. 



. 6*2*42 

20*63 

Silica insoluble in Na*00* 



3*83 

7*36 

Copper oxide .... 
Lead oxide .... 



. 26*69 

28*59 



0-12 

0*41 

Ferric oxide .... 



0*26 

10*94 

Alumina ..... 





0*15 

Manganous oxide 



trace 

I7-A3> 

Oxygen 



— - 

3*8 ) 

Cobalt oxide .... 



trace 

0 35 

Zinc oxide .... 



0*34 

1*54 

Lime ..... 



. 0*74 

0*92 

Magnesia ... 



1*06 

— 

Water 

a 


6-13 

100*59 

8*30 

100-31 


Chrysocolla likewise occurs in Lower California, in two distinct varieties, on# 
portion of a lump being hard, vitreous, and of a flno bluish colour, while another 

S ortion is soft, earthy, pale bluish-white, and so light and porous ns sometimes to 
oat on water. One specimen waa found to absorb 85*5 par cent, of ita own woi^'it 
of water. 

The following are analysea of a vitreous a.4d an earthy specimen, the finely 
pounded minerala liaving been dried at 95*^ fur some hours : 


8*0«. Cut). PbO. Fe*0». AlW ZnO. OaO. M|fO. H*0. 

Vitreous 67*07 24 95 0 26 0 27 0%'>5 0 09 0'8l 0*37 6'86 100-22. 

Earthy 46*45 801 5 0-41 0*48 3*65 0 10 0 80 0*82 7*99 90-86. 

The miueral of those deposits is doubtless true chrysocolla mixed with large 
quantities of opal silica, and coulaining a certnin amount of silica very finely dissemi- 
nated through the mass as quartz and chalce<loi*y. The proportion of this, roughly 
estimated, is about 3 per cent, in the vitreous and less than 1 per cent, in the earthy 
variety. The latter is more or less fusible, apparently in consequence of its larger 
prowrtion of alumina, while the vitreous mineral is not at all fusible. 

The chrysocolla ore of I.»ower California likewise contains a sm'dl quantity of 
what appears to be anotlier variety of copper-pitchblende. Its hardness is 2 to 3, 
streak black, and it molts easily before Ihe blowpipe, differing in these respects from 
the variety above described, Its composition is; 


9lO*. CnO. PsO. *'OoO. MnO. O. MirO. 80*. H*0. 

11*96 14*20 9-35 0 80 0*95 38*53 7*80 2 41 2 35 0*16 11*61 - 100‘20. 


It is fbund only in thin layers, alternating with chrysocolla and fibrous gypsum. 

AlnmlBons ClirynoeoUA from Vtoli. Colour, light grcenish-bluo ; streak 
pale-blue ; aubtranslucent ; hardness not much over 2. 

SIO*. Al-O*. C«0. HH). 

37-19 4 10-78 26 03 25*76 « 99-76. 

Hence the formula, CuSiO*.2U^, one half the copper being replaced by sn equiva- 
lent amount of aluminium (Santos, Chem. Ncuntf xxxvi. 167)« 

osmTsoMunra or i 

(O. N. Witt, JOeut. Cktm, Ge$, Ber, x. 350, 654 ; A. Hofinann, thid. 326). This 
base, intermediate in c om position between monnmidazobemsens, 0**H*.N*.MM* (aailine- 

u ft 2 



468 


CHRTSOIDINB. 


if)i and triamidazobenzeney (pheDylane-brown)^ was dizt obsarred 

CS^ (Decmber, 1876), who obtained it by the |iction of metadiamidobenzeae 
(^phenylenediimine) on di^o-amidobenzene; 


+ C«H»— N=N— N=N— C«H>(NHy 
+ C*B[ (NH ) , ^ 


and some of its salts were prepared soon afterwards (Januaiy 1876) by Witt (without 
preyions knowledge of Caro’s result), by the action of 972-diamidobenzeoe on various 
salts of diazobenzene, e.g. the hydrochloride, 

C-H‘(NH*)« + C^H*— N=N— Cl - C*H"— N=:N— C*H*(NH*)* + HOI. 


These salts form colouring maters of yellow or orange tint ; the hydrochloride, known 
commercially as ohrysMine^ has a splendid orange-yellow colour. 

To prepare chrysoidine, a 1 per cent, solution of a diazobenzene salt is mixed with 
a 10 per cent, solution of metadiamidobenzene ; * the resulting blood-red precipitate is 
dissolved in boiling water ; the solution aftdh cooling to />0‘^ is precipitated with 
ammonia ; and the precipitate is ciystallised, first from alcohol of 30 per cent, and 
then from boiling water. 

Pure chryBoiditio thus prepared forms slender needles of a fine yellow colour, only 
sparingly soluble in water even at a boiling heat, easily soluble in alcohol, ether, 
chloroform, benzene, and aniline. It melts at 117‘5° (Witt) ; at 110® (Hofmann). 

Ohrysoidine is a moderately strong base, but does not form stable salts with more 
than 1 mol. of acid. The Tmno-acid salts dissolve without decomposition in hot 
water, forming Bolutions of a splendid yellow colour ; and on adding a largo excess oi 
acid, the bi-acid salts arc produced, which have a fine crimson colour in solution, but 
cannot be obtained in the solid state. The mono-acid salts crystallise from their hot 
solutions in two different forms, which often occur together. Hy slow cooling, thick, 
highly lustrous black octohjedrons are obUiined, often grouped in steps; by rapid 
cooling, in presence of free acid, and with the use of certain solvents, long, 
fining, blooa-red prisms are formed, \ao8tly in fan-shaped or palmate groups. On 
ray rapid cooling, the solution coagulates to a jolly formed of closely packed slender 
microscopic needles. In these respects the hydrochloride, nitrate, sulphate, and 
oxalate resemble one another very plosely. The acetate is an uucrystaUi sable black 
syrup, soluble in all proportions of cold water. 

The hydrochloride unites with metallic chlorides, forming well -crystallised double 
salts. The tdne salt is a brown-red crystalline precipitate, moderately soluble in cold 
water, insoli^ble in a solution of zinc chloride (Witt). 

Ghtysoidiue, as already mentioned, is intermt/diate in composition between aniline- 
yellow and phenylene-brown, those three dye-stufis being members of a series all the 
terms of which contain the group — NznN — . It is also intermediate in tinctorial 
power. A given quantity of chrysoildiiio will dye twice as much silk to a given depth 
of colour as the same quantity of aniline-yellow; and phe nylon e-brown in the pure 
state exhibite about three times the tinctorial power of aniline-yellow. In different 
dye-stuffs belonging to the same group, the tinctorial power increases with the salt- 
forming capacity, whereas the tone of ctfiour varies to a certain extent with the mole- 
cular weight (Witt). » 

Reactions. — 1. Ky the action of mild reducing agents, such as zinc-dust and acetic 
arid, chrysoidoe appears to be converted into by dr azo-compounds, light yellow 
solutions being formed which greedily absorb oxygen, wKh reproduction of chrysoidine. 
With tin and hydrochloric acidt on the other baud, chrysoidine is resolved iuto a n iji i n e 
and triamidobenzene; 

C«fl».N*.C«H*(NH*)* + 2H* « C-H‘NH» + 

The resulting solution having been freed from tin by hydrogen sulphide, from the 
latter by boiling, and rendered alkaline, yields when distilled a milky liquid separable 
by repeated distillation into aniline and a residual liquid which when exposed to the 
air or treated with oxidising agents,* yields a red-brown ^colouring matter agreeing in 
all ite cbaipcters with that which is obtained by oxidation of the triamidobenzene 
formed by reduction of (1 : 2 : 4) dinitrsniliue. Hence it follows that the triamido- 
beniene obtained, together with aniline, by reduction of chrysoidine. has its three 
NH*-groups in the relative position 1:2:4, and consequently that in chrysoidine 
itself the same relative positions must be occupied by the N^-group and the two NH*- 
•' 

* PaTSdlsmldobsnsene Hlmitarlv treated does not yield a traoe of oolonrins matter : the hehmvinnr 
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lUd by th« 


I, that is to say that the constitution of chrysoiSdins must be 


NH« ^ 

N=N— ^NH* 


Diacetyl-chrysoidine submitted to the action of powerful reducing e^ta 

fields, with separation of the acetybgroups, the same rednction-^products as chrysoidine 
Itself. 


2. i>ry dUdtlation. — On heating chiysoYdine or its acetate in a retort to 160®- 176®, 

or the hydrochloride to 200°, or chryso'idinesulphouic acid to 260®, or di- 

acetyl ch^soi'dine to above 300®, the mass fuses, swells up, blackens, and yields an 
oily distiUate of aniline, leaving in the retort a very bulky, shining, carbonaseons mass, 
from which — if obtained from tbo hydrochloride— acidulat^'d alcohol ostraets a 
reddish-violet dye-stuff; apparently identical with chrysoidin-indulm (iV^)* 
produced by the action of the aniline resulting from the decomposition, on the still 
undecomposed chrysoidine salt. 

3. Dcc^positum unth addition of water. — Chrysoidine heated with dilute hydro- 
chloric acid to 150°~160® in sotiliyl tubes, undergoes a decomposition similar to that 
which takes place when diazobenzene-comjxmnds are heated with water (e.o. 
C*H»*N^NO»+lPO-C«H‘.OH + N« + NO*H). nitrogen escaping when the tube is 
opened, and a blackish liquid being formed, which, when largely diluted with water 
and distilled, yields a considerable quantity of phenol, while the residue in the retort 
forms a brown-red solution of a colouring matter apparently identical with that which 
is producotl by oxidation of triamidobonseno. 

4. Action of Amides. — ChryHoidine,Vilte other amidazo-compounds, yields, with 
aromatic amides, now colouring matters belonging ti> the nuraorous group of the 
indu I i ns (y.v.) As yet, however, only one has be*Mi prepared, viz., with aniline, 
which is a dingy violet body, apparently identical with that which is obtained from the 
residues of the dry distil Intiun of chrysoidine hydrochloride. 

»*). Action of Nitrons arid . — Under cor ttiin vircumstnnceH ebrysoidino appears be 
convertible V)y nitrous aci * into a di azo-compound, which, however, is so unstauie, 
that it decomfvjHcs. even ;;t onliimry temperatures, with evolution of nitrf>genand sepa- 
ration of H black huinus-like substjince. A siiniliir mode of decomposition is exhibitad 
by the diazo-cniripjund of raetaphcnylenediamine. 


BubatliutioD-derlvatlwes. Dimefht/l-chtffsotdinv^ is 

formed, as a hyilrirMiiiie, by heating chryiK/idine with methyl iodide. The free bue 
crystallises imlistiuctly from htjt wat«-r containing a little alcohol. Tftramethyt- 
chry aoid ine, \ formed by the action of diazobenzene- salts at ordinary 

temperatures on tetriiiiiothyljjhenylenedianiine, appears t^i be uncrystal lisable. Dt- 
hen^ylchryso'tdinc, is formed by the action of benzyl chloride 

at 100° on chrysoidine. These three Ixdics dj^e silk and wool a fine yellow, with a 
tinge of TOii deeper as tJteir molecular weight is higher ; the last in particular is a dye- 
stuff with a splendid lustre. 

Ifiacefylchryso'tdi h e, C‘’H prepared by treating cbrysolidine with 
excess of acetic anhydride, boiling the product with alcx>hol, and recrystallising* it 
from lioiling glacial acetic acid, crystalltses in stellate groups of short thick prisms, 
or small neo<llcH having an orange-yellow colour and adamantine lustre, and exhibiting 
on certain faces a faint bluiKb dichroism. 

C hr y so'i dines n I phonic acid^ is formfsd by heating chrysoidine 

on the water-bath with strong sulphuric acid. On fMmring the product into water, a 
bulky precipitate is formed ; and on washing this with water, dissolving it in ammonia, 
and treating the boiling solution with barium chloride, the liquid on cooling yields 
crystals of barium chrysoi'dioesulphonare, which nuiy be purified by reciystallisation. A 
solution of this salt mixed with the calculated quantity of hydrochloric acid, yields a 
dark-brown precipitate of chiy'soi'dincsul phonic acid, which on boiling changes, with- 
out perceptibly dissolving, into a mass of c^stals, which when washed and dried are 
red with a metallic lustre, and very much like amorphous phosphorus. dissolve 

with moderate facility in dilute sulphuric acid, and with splendid cannine colour in 
strong hydrochloric acid. • 

Barium Chrysoidineeidphonate, (C'*H'^N*SO*)*Ba, forms anhydrous brown shining 
crrstalline scales. The other salts may be formed from it by double decomposiUon. 
T&e i^iumrsaU is easily soluble, and crystallises in scales having the colour of moeaie 
gold, which also separate on drenching the free acid wish strong soda- ley. Theeuprie 
salt is quite insoluble, and separates by precipitation at ordinary temperatoree as a 
brown-red substance, which b^omes dark-red and crystalline on boiling. Tlha ferric 
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Chrysoadinefrnlphonic acid subjected to dry distillation yields small quantities of 
aniline* the greater portion of the mass being cs^boni8ed| It is not acted upon 
acetic ai^ydride » 100^* or by anilin^ at the boiling heat. On reducing it with tin 
and hydrochloric acid* and dis^lling the product after freeing it from tin* &c., and 
rendering it slightly alkaline* scarcely a trace of aniline is obtained. Hence it may 
be inferred that the sulpho-group in this ^id is attached to the benzene-ring which is 
the residue of the aniline group of chrysoidine^most probably in the para-position — 
so that the constitution of chryso’idinesulphonic acid will be represent^ by the 
formula 


SO«H< 




■\_ 


NH» 






Cbiysoidinesulphonic acid* like the base itself, produces fine colours* tboi^h 
somewhat tinged with brow ; but its value as a dye-sti^ is to a certain extent im- 
paired by the fact that fabrics dyed with it are apt to chamge colour during the process 
of clearing. 

Komologuea of Cbrsraoldliio. A considerable number of these bodies might 
be produced by the action of diazobenzene salts on tolylenediamiue and its higher 
homologues, and fiirther by subjecting these diamines to the action of salts of diazo- 
toluene* diazoxylene* &c. Only one has* however* yet been prepared, viz , by treating 
tolylenediamiue (m. p. 99®) with a salt of the diazotoluene prepared from paratoluidine. 

This base is diamidazotoluene: 

Ci4H»«N* = C»H»— N=N— C’H»(NH*)*. 

Its colour is* if possible* finer than that of chrysoidine, and both the free base and its 
salts crystallise with greater facility than the latter. The base separated by aqueous 
ammonia from the boiling alcoholic solution of the hydrochloride cryst^lises on 
cooling in fine orange-yellow needles usually grouped in stars. It dissolves easily in 
alcohol and ether, but is almost insoluble in water* even at the boiling heat. It melts 
at 183® (Hofmann). ^ 

<>MSTS01iXjr. A yellow colouring matter produced by the action of phthalic 
anhydride on benzyl-resorcin. See KxsoBcm 

CKteYSOSim. On the occu^rqnce of this mineral in dolerite* see Dou&bitb. 

OXKTBOVBAarXO AOXS. This acid has hitherto been regarded as a deri- 
vative of anthracene, C*^H*0^ or C**H*®0\ inasmuch as it was supposed to yield 
anthracene when heated with zinc-dust (2nd SuppL 340). It has* Iiowever, been 
lately shown bj Liebermaun a. Fischer (Deut. Chetn, Ges. Ber. viii. 1102) that the 
hydrocarbon thus obtained is not anthracene* but methyl-anthracene* (giving by 

analysis 9;VS8-93'92 per cent.* and 5'82-6'23 H. ; calc. 03'75 C.* and 6’25 H.* and 
convertible by oxidation with nitric acid into methylanthraquinono, C‘*H'”0* ; anal. 
80*8 G. and 4‘5 H. ; calc. 81*1 0.* 4’i') S.) 

Hence it may be inferred that chrysophanic acid is not dioxyanthraquinone* but 
dioxymethylauthraquinone, and this conclusion is confirmed by the analysis 

uf chrysophanic acid and its diacstyl-deriviitive. 


Chryaopkatdck acid. 

Analysis. Calc. C**H»*0*. 

Carbon .. . , 70*87 70*52 70*29 70*87 

Hydrogen . 4*12 . • 4*36 4*02 3*94 


Acetylohrysophanic ac^d. 


Aiialysft, Calc, C*‘H-(C'n“0*)*OV 

Carbon 66*98 67*45 

Hydrogen. ..... 4*16 4*14 

jCH* 

Chryeophanic acid may therefore be represented by the formula and 

is related to emodin (g.v.) in the same*^manner ns alizarin to purpurin. The two prin- 
cipal coloorirg-niatters of rhubarb-root^ chrysophanic acid, and emodin* are in feet 
derived from methyl-anthraquinone in the same manner as alizarin and purpurin, the 
two principal colouring-matters of madder-root, are derived from anthraquinone 
(Liebertnann a. Fischer). 


Tatrwitroolirysoplkaiii^ Xold« C'^H®(NO-)H>*. This acid was formerly 
supposed to be identical with chrysammic acid : but the recent experiments of Lieber- 
mnun a Oiesel (^nt. CAcm. Gcs. Itrr. viii. 1643 : ix. 329) have shown that this is not 
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the case, and tlmt ehiysammic add is the teiraDitro-deriTatiTe, not of chiyeophanio 
add, bat of chrysazin, C**H*0* (p. 108). ^ 

PotoBsium niiroehryBBpkcaUtt€, C*‘H<(N0*)*0*Ii* (at 120®), forma pily-like groupa 
of thin red needles, very soluble in pure water, sparingly in saline solutions. The 
calcium saU, C**HXNO'*)H!)*Ca (at 126®), forms indistinct jelly-like groupa of thread- 
like needles, destitute of metallic lustre (the chrysammate is highly lustrous). The 
ma^necium salt^ C'*H*(NO*)K)^Hg (at 160®), is a red sparingly soluble powder. 

Jtmidea of OliiTOoplaoaio Aold (Liebermann a. Fischer, J}euL Chcm, Oes. Ber. 
viii. 1106. 1. ChrpsophanamidCf or AmidochrpMophanic acid^ C**H**NO* 

fCH* j 

NH* 

or . When ehryaophanie acid is heated to 200® with aqueous ammonia, 

io 

chrysophanamide is formed, tocher with earboiiac.eouB product#; at 160®, on the 
other hand, no carbonaceous products are formed, but the resulting chrysophanamide 
is accompanied by a substance which separates in long dark shining nsedles- The 
chiysophanamide is precipitated from the crude prc^uct by addition of an acid, dis- 
solved in alcohol containing hydrochloric acid, precipitated by water, converted into 
barium salt, once more precipitateil by an acid, and then crystallised from alcohol, 
which deposits it in yellow leadets. It is decom}y>8iHl by boiling Ivaryta-water into 
ammonia and chrysophanic acid. 

The crude pn^uct of the action of ammonia on clnyaophanic acid contains also a 
compound of chrysophanamide and ammonia, C“H"NO*.NH*, which is not completely 
decomposed either by solntion in baryta-water or by precipitation with hydrochloric 
acid. To obtain the amide quite pure, it is therefore necessary to digest the impure 
product with warm alcohol containing hydnxihloric acid, whereby however it is partly 
resolved into ammonia and chrysophanic acid. 

/CH> 

2. Chry sopkanimide, 0'*H*NO* « NH. The long dark shining nssdlet 

lO* . 

mentioned alwve as produced, together with chrysophanamide, when chiywophanie acid 
is heated with aqueous ammonia to 160®, consist of iheaminonia-crmq>ouiid of this imlda* 
C**H*NO*,NH*. It has not been found poRsiblo to obtain the free imide, because the 
ammonia- compound is converted by prolonged treatment with neids or alkalis into 
chrysophanic acid. But by heating inis ammonvi- compound with acetic anhydride in 
a vessel with reversed condenser, it is converted into acctylchrysophanimide 
.CIV 

C'^H* i N.C»I1*0. This substance in its external properties l>ears a close naemblance 

to xylindeiD. It sejMirates from chloroform in viol<«t xicedl<4), which have a metallic 
luRtre, are but slightly M>lublo in the ordinary solvents, resist, soda-solution, and dis- 
solve in warm nitric or sulphuric acid, with reproduction of chrysophanic 'acid. An 
analogous substance is formed by the action of isobutyric anhydride on the ammonia- 
compound of chrysophRuimi<lc. 

ontYSOVBT&li* tSee LilavEs, ConouniMO Mattrus or. 

CMKYSOqimrora, C'*H**0* (Grael»e, JJfut, Okem. Oe$. Per, vii. 782. E. 
.Schmidt, J, pr, Chem. [2], ix. 260, 270) This compound, discxivorefl b^ Liebenhann, 
is obtained by the action of chromic acid on chrysene dissolved in acetic acid 
{2nd 8uppL 330). It crystallises, according to Schmidt, in brilliiuit red needles, 
melting at 236*^, according 4o Lieliermann gt 220®. It nniUs with alkaline bisul- 
phites, forming colourless comptjunds soluble in water. The sodium salt, probably 

prepared by heating chryso<^uiiione, previously 

drenched with alcohol, with a solntion of sodium bisulphite. The chrysoquinone then 
dissolves, and the concentrated solution deposits crystals of the sodium-compound, 
which are decomposed by water, with liberation of chrysoquinone. This is the l>cst 
method of separating chrysoquinone from unaltered chrysene (Grael^). 

In its bcMviour to alkr/ine bisulphites, chrysoquinone resembles pbennnthretie' 
quinone, butdiflfers from ant tiraqui none, which itfnot dissolved by alkaline bisulphites 
in presence of alkaline cnrlH>nates. « 

The analogy of chrysoquinone to phenantlftwneqninone is likewise shown by Its re- 
action with sulphurous acid, whereby it is converted into chrysohydroqnii none, 
C**H**(0H)* {2nd Supfd. 340), the reaction taking place with the aqueous acid at 
100®, and wit^ the alcoholic acid even at ordinal^ temperatures, but mere quickly 
when heated. Aoibraquitione is not altered by sulphurous acid, even at temperatures 
above 200^. 
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Ch^BoqiuDoiie heated with aqueous aTMOtonicL to 180^ in sealed tubes* is converted 
into nitrogenoua compounds ; phenanthrenequinone reacts with ammonia in a similar 
manner ; anthra^uinone is not attached* ^ * 

Ohiysoquinone heated with soda-lime is converted into a hydrocarbon toge- 

ther with a small quantity of another hydrocarbon containing a larger proportion of 
carbon* and melting at a higher temperature. The compound melts at 104°- 

106°, dissolves easily in boiling alcohol, somewhat *less easiljr in cold alcohol, very 
easily in ether, benzene, and carbon sulphide. Its vapour-density, taken in sulphur- 
vapour is 7*26-7*37 ; calc. 7*07- 

The formation of this hydrocarbon fi^m chrysoquinone is exactly similar to that 
of diphenyl from phenanthrenequinone : 

+ 4NaOH - + 2CO*Na» + 

Phenantbxenequinoue. Diphenyl. 

CWH*<»0* + 4NaOH - + 2CO»Na» + H» 

Chrysoquinone. 


The constitution of the hydrocarbon, C**H^*, is not yet definitely established ; but 
it may perhaps be regarded asphenylnaphthalene. In this case chrysene would 
have a constitution analogous to that of phenanthrene {2nd SuppL 84), being 
derived from phenyl- naphthalene in the same manner as phenanthrene from diphenyl ; 
CH*— CH C‘H^— CH 

3h (in 

Phenanthrene. Chrysene. 

On the same supposition, chrysoquinone may be represented by either of the formulae : 
C*H«— 0^0 C«H^~C— O 


i'H*— ill 


C:: 


I 


JU 


CBRY80TZ1«> A hydrated magnesium silicate, allied to serpentine, from Zer- 
matt. Pale-yellow fibrous masses, containing 42*6 per cent. SiO=*, 43*0 MgO, 2’0 FeO, 
and 131 100-6 (F. v. iCobell, Jahrb^J. Min, 1874, 733). 

^^nrOBOHrA-BAlULB* The following tableu exhibit the quantities of alkaloids 
in various Oinchoua-barks. 

1. Sarks of Clnolioiia Offlblnalis and Ito Varieties, Cultivated at 
Ootaeamnnd (J. E. do Vrij, Phorm* J. Tram. [3], iv. 181-184). 

100 pts. of bark dried at 100® 0., contain : 






Crystal- 




Mixed 

Pure 

liacd aul- 

Quluovic 



alkaloids 

quinine 

pbato of 

acid 


f 


quinine 



r 

Var. angustifolia, grown at Doda- ? 
betta . . . . . ( 

10130 

8-000 

10-199 

0-920 

2 

Ditto ditto 

11-960 

9-100 

11-600 

0-761 

*! 

Seedling of C, Officinalis, grown 1 
elevation of 6,200 feet . { 

6-060 

• 

2-286 

2-914 


4 

Similar variety to No. 3 

10-670 

3-707 

4-725 



Renewed bark of C. officinalis ; 18) 
months old ; 7,800 feet . * { 

4-630 

^2-470 

3-136 


6 

Same renewed bark ; 15 months ola 

8-340 

4-530 

6-776 

not oeccr- 
mined. 

7 

Same; 28 months old . 

lO-OCV) 

2-917 

3-718 

1-612 

loj 

Dodabetta, original C. officinalis, ) 
branch- bark . , . ) 

3 115* 

1-760 

2-243 

0-400 

11 

Same ; small-branch bark 

0-981 

not determined 


12 

Same ; stem-bark, mossed 

7-285 

4-781 

6-096 

0 822 

13 

Same ; tiumossed . . . • 

4 786 

VIL^IIW 

3-314 

0-400 

14j 

Large-leaved seedling of C.offici-) 

2*860 

^none 


0 345 

nalis ; elevation 8,200 feet . J 



15{ 

Dodabetta, C, officinalis; 8,400/ 
feet ; exposed place . ,* > 

8-920 

2-345 

2-989 


16 

Same, sheltered . . . • 

8-424 

6*340 

6-807 



Neddiwattum. 0. officinalis ; ex- / 
posed position ; 5,800 feet . > 

5 726 

1-410 

1-797 

0*620 

IS 

Dodabetta, C. officitMlh ; manured . 

1 11-660 

6*950 

8*860 


19 

The same, uumanured . 

8366 

3-750 

4*780 

0*758 
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The zesolte of the analvsis of number 14 lead to the cond.uaion that it eannot be 
a variety of Cwcho offictfudu Acoordinfl to J. E« ]^wi»d it is proWbly Cmt^na 
etytknuHa, ♦ • {p 

2. Mmr%m of Otaoboam oacelnibra aad O. i^Utadlmaa eattlTatod at 
Ootaeaaiaad (de Vrij, t^id. 869). 

100 pU. of the bark dried at 100® couUin : 


Kind of Bark 

Mixed 

alkaloids 

• 

Alkaloids 
soluble in 
ether 

Purs 
quill Uie 

Crystallised | 
sulphate of j 
qulnlnu 

C. succirubra. 





Original bark, 8 }'ears old . 

1086 

3 706 

•793 


JRenewed bark, 2 years old. 

10 40 

7*664 

4 663 


9 164 

6707 

2*764 


.f .. 

10 67 

3 142 

1*413 


?> •* 

8*696 

3 307 

1*382 



9 176 

2 973 

1 186 

1 680 

*» »» 

C. pahudianii. 

10 37 

4 193 

2*024 

2‘70U ! 

— - ! 


i 251 

1*038 

0032 


Original bark . 

2 023 

1 324 

0*606 

0808 

Ilenewed bark, 2 years old. 

4'80 

2*362 

0*783 

1*044 

C. officinalis. 





Renewed bark, 2 years old 

10*86 

4-228 


8*738 

6-944 

2*244 

1 273 

1*697 

,, ,, 

6*734 

2*670 

1*681 

2*241 

f » 1* 

4 -288 

2 080 

0826 

1*100 


3*72 

3*297 

2-600 

3*466 


A comiMtrieon of the first two aimlygos in this tahlo shous that, whilst the amouv /. 
of mixed alkaloids in tho two barks is noiirl^’ tho samo, the umouut. of quinine in the 
renewed bark is ver^r much greater. If this should prove to 1>e a general rule, the 
millions of trees of <X succirubra now growing in-'British In«lia might be adapiefl to 
produce laige quantities of bark fit for the nmniifactnre of quinine. 

3, JBaat Xadla Cinobona Sarb (B. 11. Paul, P/kzrm. J, 7Van». [3], vi, 321). 

The following analyses refer to parcels of bark im])orted from Ceylon in 1876. 






C 

BU cel rubra 


‘ C. ofncliialla 


19 

20 

21 

32 

2.1 

34 

25 

36 

37 

Cryst. quinine 
sulphate 

1 42 

1 69 

1*69 

1 *8.*^^ 

1*62 

2*31 

2 37 

6*08 

6*03 

Cryst. cinchoni- 
dine sulphate 

346 ' 

346 

2*70 

4 10 

4*97 

063 

0*38 

0 98 

trace 

Cinchonine 

1*90 ] 

1*43 

0*96 

1 63 

2*06 

0 16 

012 

trace 

0 13 


All the samples were in a somewhat moister condition than is usually the aiS 4 ) 
with cinchona bark, and the results apply to the bark dried at 100®. The average 
loss of weight by drying wiis about 10 per cent. 

The following table gives results from Indian barks recently imported, but wheth^M’ 
from the mainland or Ceylon is uncertutn: 


1 Snlpbatos 

Kind of bark .. | 

Cinchonine 

1 i Quinine 

Ctnchonldinfl 

ISast India Crown, renewed . 3*86 

1*60 

2'70 

East India Crown . I 5*20 

0*82 

— 

.. \ *-3 

1*6 

0*23 

„ „ . . . . t 4*5 

16 

0*18 

„ „ renewed . . j 3*8 

* 1*2 

0*22 

Red Bark, mossed . . . | 1*72 

— 

, 170 








4. dnehOBa barti from Java (R. W. ran Gorkom, Pkarm. J, Trans. [3], iv. 341.) 
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vom 

'n.or«3 a^tiita 
■lus aoiuin^ 

cooaooic^^*-<'4«c)oo«oeao^K»e<«<MooM«oc&^.coA»Aoio 
ys tH w r* t-- « « ^ o « «? 

fcpiioi 

U'([B lw^ox 

CO w cQO<»eo‘0-^'^c<*^»0'^r»<0'M<Neo<oco*©ci 

«b«»t^A-wwit^*b*b6a'^^'i**»^*bif^cb6so«»jb4*‘w<boi’-.^ 

PJlOP»3H« 

BooqdAOiny 

ooo«a'^'®t-«oo5w«t«»<o©oeooji-^— 'a»o«t^coeocc<c 

00 00e4'^<0C4«^cp<»^i7iO^t^(p0»0»C4^OC4'^O00m'^ 
OOOOOOOOOOOOOOOOOOf^OCBf^O'^*^f^O 

aafOoqoaiQ 

^ <D 

i-Ni^<oc4'«^H4^udOO>'i4(Ocoo»eoocoor^Jt^ooaoc4coocc o 

0000000000^0^0000000^^0000.5 

utifpiu]n^ 

none 

trace 

;; 

it 

nojio 

trace 

none 

it 

trace 

0-40 

0‘48 

trace 

0- 91 

1- 02 
none 

»f 

V 

» 

0-06 

none 

>» 

DtilPfuonaufo 

ecooo*^osoooSf-HOt>-«ooSo.-i2 r^«oo*ooioa»co 

^*0*f»^C0C9<M«p^'^-^»pa*pO§ S = 

M.^>^OOr^4|«4.«0<^oAl.£iOi^F3 oooA«o<b-Tt*o 

aujajn^ 

cOt^O<£»<M»OOO^kOC400'f4000^«aOCOOCOOOU^O^^Ot^cOO 

oi«»b‘btb.^c<i^'iH»bo*^f^o«kbwdocft.^Aioo4*<.^.^o 

pxoi 

>o»0'^oot^^iooot--oooocoQO'<#*oooo*oeoe^«ooooo^'* 

ra^^09i(»OTOooo«74^-^i7«<^A«(^oppooo-^<>i 


i-.---t*oo‘Oc«oo>o»r-i‘o.-<eoeoF-»^«ooooo 

t'-p»'-pplr-.;^p.;;-l-^''J<ppp'^pp-^t^pt^pi^.^pO>C<l 

i-H.— ir^i— ti-H.— ti-H f-^i— lr-«rH.— Ii— 1 ifantf.^ 4 

POitwia 

OOO OaOO »0»^' 

t^O ..*..<V><0 .... ..o ....O ...... .K..CO ...CO .. )0 

22 2S ^ * *’2 22 *" ** *^2 * **2 -oo •" •'oo ■“oo 

1 

Locality 

■f 1 ^1 ‘t f 1 ■ 

ir l.'liriiiiljr :i = = = =l|i 

p 5 fS W tS PcS 'y', H*<§ H’ 

2 

•g '• 

■ ■ ■ 'll ■ ■ 1 . . 

.- • • •al • ■ - a ^ 

=3 fe-c s’ • 

■ - ■ ■ ■-. i 

- £ ^*9 S? :::*g*'= = = =^ • 

fq Jh(I M * 3 

Cinchona 

9 

^-1- •■• 

^ S' a'SlI • • • • 

2 S2 _ 1 — 

M '55 

l-sj-st li'ii ■ ■ ■ ■ 

a I s. f E i 

5 S d J ig (S! 1 


• This hark is from a tree which is prohahly identical with the Cinchona ojkinalis BonpUtndio var. angusiifolia of British India. 
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WMbct of Maauree oa ttio AltaMM ytotd of CladiloaM (Piorm. /, 
TVatw. [S], in. 621 ). From experimenu made by Mr. Broughton, the OoTermnent 
Quinologist at the OoUcemundiPlaDtatioii, tiP|llie Pepartment of it appeara 

that the use of manures, either artificial or natural, incrjaaes the alnnoidal yield of 
the cinchonas. Some fine three-year^old plants of Cinchom sueeirvhra were treated in 
November, 1869 , in plots of fifty each, with 1 lb. of ammonium sulphate and the 
same quantity of guano. No perciptible increase in luxuriance or rapidity of growth 
was perceived to result, but in January, 1872 , the difference in the afkalmdal yield of 
bark from the manured and non*manni^ plants was as follows 


Total alkaloids 

(Quinine 

Cinchonidine and Cinchonine . 


Manured. Vnmanured. 

7*26 4*89 per cent. 

2-46 1-78 „ 

4*89 311 „ 


The stem-bark of trees mauuriHl with I lb. of 
against trees not so t reated 

Total alkaloids 

Quinine 

Cinchonidine 


guano gave 
Manured. 

6-29 

091 

4*38 


the following results, us 

ITnmanurecl. 

4*76 per cent. 

1 04 „ 

3*72 


The loss in quinine and small gain in total alkaloids may possibly be owing to 
the exciting action of the guano hastening the change, through which, as this species 
grows older, it loses its alkalbidtil character. Mr. Broughton, therefore, docs not re- 
commend that C. sumra6ra should be manured, as the cost of manure would outweigh 
the small increased richness in the bark. 

C. ojicinalis has always been noted for its extreme Bensitiveness to situation, sun 
light, and character of soil. Trees of this species, treated with I lb. of guano, al- 
though differing in no respect from unmanured trees while growing, yielded bark 
containing the following percentages of alkaloids : — 

, Manured. Untnanared. 

Total alkaloids 6*61 3*98 per cent. 

Pure Quinine 4*41 2*40 „ 

Cinchonidine and Cinchonine . . . *2 10 1*68 ,, 


Trees of the same speciep, treated with 
under : — 

Total alkaloids 

Pure Quinine 

Cinchonidine and Cinchonine , 


I lb. ammonium sulphate, gave resulLs as 

Manured, t^nmaniired. 

6*76 4*54 per cent. 

3*11 2 64 „ 

2'65 2*t«» „ 


From 1867 to 1872 trees of thia M|H cies were fwated with about four lmrrow*-loads 
of farmyard manure each. In February, 1872, bark from trees v) manured, and from 
similar trees unmanured, gave the following results : — 

Manured. Unmanured. 

Total alkaloids 7-49 4*68 per cent. 

Pure Quinine. . 7*16 2*40 „ 

Cinchonidine and Cinchonine . . . 0*34 2 28 „ 

Farmyard manure is therefore superior to artificial manure for this purpose, and 
favours t^e production of quinine over cinchonidine and cinchonine. 

As no outward difference could be observed in the manured trees from those not 
so treated, Mr. Broughton is of opinion that the alkaloids are not specially active con- 
stituents in the processes connected with the life and growth of the plant. 
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Ash of Cinchona-barJbs , — The following determinations tiare been made by Carles 
(Pharm, J, [8], iii. 723). ^ 4, c 






' Huanoco 

Colisaya 

Sooclmbia 

Ash 



1*831 

1*886 

7 H 

1-361 


1*741 

Silica, soluble 



0*263 

0*241 




0*031 

„ insoluble 



0*041 





0*018 

Alumina 



0061 



0*020 


0*062 

Iron 



0*061 

0^42 


0049 

0*063 

BEOI 

Manganese . 



0*048 






Lime . 



0*376 

0*383 

! 9 

0*379 

0646 


Magnesia . 



0*034 

0*034 




■0r| 

Potash 



0*4'29 

0*540 

0*340 

.0*262 

0*216 

0*298 

Soda . 



0081 


0-041 


0*048 


Copper 



trace 

trace 

trace 

trace 

trace 

trace 

Carbonic acid 



0-309 

0318 

0*338 

0*346 


0 291 

Sulphuric acid 



0*027 

0*034 


0*038 



Phosphoric acid 



0*074 

0063 


0067 


0042 

Chlorine 



1 0*016 

0-009 

1 0008 

0-010 

0014 

0*012 


Carles^ also finds that cinchona- barks contain glucose, probably arising from the 
decomposition of cinchonatannic acid. The barlm richest in alkaloids contain the 
smallest quantities of ammonia. 

OZarCHOSf’A.-SASaiB. Detection and Kstimaiion . — For distinguishing 
the alkaloids of cinchona-bark one from the other, W. Stoddart {Pharm. J, Tranjt. 
1^2], vi. 241) recommends the use of ^iassium thiocyaivate. The precipitate thereby 
formed in a solution of quinine exhibits under the microscope the form of long slender 
needles ; that of quinidine appears in round crystalline masses, and that of cinchonine 
in large well-defined prisms. Tliis method has htjen further developed by F. Schrage 
(ATt'ch, Pharni. [3], v. 604), who finds that under cerUiin conditions it yields very 
characteristic results. Tho solutions of the alkaloids must be prepared without 
addition of free acid, at a temperkt^e not more than 10® above that of the room. 
Tho solution of potassium thiocyanate should bo very strong (equal parts of the salt 
and water), and in tho case of very slightly soluble salts, such as sulphate of quinine, 
it is best employed in the solid form. If, with these precautions, a drop of tho 
filtered solution of the alkalo'ul, and a drop of tho thiocyanate solution, or a granule 
of the solid 'salt, bo placed on the object stage 6f a mjcroscope and covered with a 
small glass plate, so that the two may run together, and the whole be left at rest for 
half-an-hnur. the liquid will exhibit a turbidity, which the microscope shows to con- 
sist of a mass of crystals. Quinif e-salts exhibit thin spicules radiating from a 
centre ; cinchonine-salts thicker rays diverging from one point like a fan ; quinidine- 
salts, round drops attached to one another in chains like certain fungi. 

Pistimatwn of the total quantity of Alkaloids in Cinchona'harks, — 1. Hager, in 
1869 {Zeitschr. t'lnal. Chem. viii, 477)t published a method of estimation which con- 
sisted in digesting ^ grams of cinch ona-burT: for a short time with about 130 grams 
of water and 10 gr^As of potash-ley, sp. gr. l'3o, then adding 15 grams of sulphuric 
acid, sp. gr. I'Ud, boiling for twenty minutes ; adding water after cooling, so as to 
make \ip the liquid to 100 c.c. ; filtering ; and prccipitatfing the measured filtrate with 
60 c.c. of pici'ic acid solution saturated in the cold. Tho molecular weight of cincho- 
nine, being but little less than that of quinine «nd quinidine, the quantity of the 
alkaloids may be calculated with sufficient accuracy trom the weight of the precipitate 
obtain^ from 1 00 c.c. of the filtered solution. 

Ol^ections have, however, been made to this method by van der Burg {ibid, ix, 
305), first, been Use the extraction of the alkaloids is incomplete: secondly, because 
the precipitate is not of constant composition, foreign matters being carried down' 
with the ^kaloids. t 

O. Medin, however (ibid. xi. 447), finds, as the result of a latge number of experi- 
mente, that/he method is perfectly trustworthy, the extraction of the alkaloids t^ing 
complete, their precipitation by picric acid also complete, and the smalt error arising 
from the simultaneoiis precipitation of ot her substances being compensated by a slight 
loss of the precipitated picrate during washing. Moreover the method is ea^ and 
expeditious. 

2. The fi^lowing method it given by de V*rij (PAnrn*. J. Trans. [3], iv. 241). 20 

grams of the pulverised bark is made up into a paste with 5 grams of slaked lime; 
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the paste dried and twi^ boiled with ettoiig alcohol ; the solutioa acidulated with 
salplmric acid ; the alcohol distilled off; aud the alkaloids prsMiMed with caustic 
soda, washed with watbr. dried, and weighed^ • S 

E. L, Cleaver (lAid. vi. 361) recommends tbismetho^f estimatioira the best that 
has been hitherto proposed, but at the same time points out that it is defective in two 
respects, via.: (1) the quantity of bark employed is too -small ; and (2) in the washiug 
of the precipitated alkaloids, a Considerable loss may occur in cons^uence of their 
solnbility. To avoid these causes of error. Cleaver usee 100 grams of bark,. and pre- 
cipitates the solution of the sulphates, not with soda, but with baryta-water, then 
evaporates to dryness, aud extracts the free alkaloids with alcohol. 

The remainder of the process may be varied ad’orvling to the object in view,^ If 
only^ the total amount of mixed alkaloids is requireil, this amount may be ascertained 

Kv 1 n Or n nf ^^''0 f.ti* iHuiiHliM drind At ftllt. 

if th^ relative proportions of quinine and the other bases are to be detcTinmed, one of 
the following methods must b<r adopted : 

a. A portion of the alcoholic extract is evaporaiod, the residue exhausted with 
ether, and the ethereal solution eva|wjrated to dryness at The residue consists 

of quinine, the amount of which will thus be accurately determined, provided oinoho- 
nidine is absent; otherwise the result will be too high. 

A The alcttholic solution is divided into three or four equal parts. The first, 
evaporated to drYuess aud dried at 130'% gives the total amount of the alka- 
loids present. The secoud is evaponited to dryness, and the residue treated with 
ether as above : this gives tho quiuino. The third is titrated with sulphuric acid, 
and the proportions of tho alkaloids calculated from the result acectrding to tiie fol- 
lowing equations.- If the sum of the quantities of quinine and quinidine be denoted 
by jr, the amount of cinchonine nud ciuchonidine together will be equal to the total 
amount of the alkaloids diminished by x, and the quantity of sulphuric acid used, 
will be given by the formula ; 

fcj «“ X -f (total alkaloids — x) 

648 616'' . ' 

whence x maybe determined; and this dinflnished by the amount of quinine ^pre- 
viously found gives the quantity of quin i di ne. Kurthor, if tho portion 0 f tho alka- 
loids which is insoluble iu ether be dissolvtH) in sulphuric acid, and the solution be 
made slightly alkidine with caustic soda and mixM with liochelle salt, a precdpitati* 
of cifichonidtue tartrate is obtained, conUtinitig 80*4 per cent, cinchon iatne. 
Lastly, the cinchonine is estimates! by difTcreiice. 

3. J, C. Benielot Moens (ArcA, J*Aarfn. 12), viii. 24) iletorminee tho amount of 
water in cinchona-bark by heating n gram of tfio piw'der sifted through silk gause in 
a euxTent of perfectly dry air bcatld to 125®. Por the oHiimation of the alkaloids, 
25 to 30 grams of tho same pow'der arc treated with lime and alcohol, as in do Vrij's 
method ; aad the bases are converted into sulphates, precipitated by caustlc'^soda, and 
convAted into hydrochlorides. The bases are .jaext separated fVom one another by 
means of a solution of Aoohello salt, in which cincbonidinc tartrate is nearly insoluble, 
whereas quinine tartrate dissolves in 1,500 parts of it, quinidine tartrate in 30 parfk, 
cinchonine tartrate in about 36 parts at 24". The resulting solution contains the 
lost two salts an<i tmees of the first tu^o, toother with an amo^hoiis alkaloid and 
quinamine. The quinidine is easily sciyiratod from tho ciscboiiidiDe in tho form of 
hydriodide, that of tliu latter base only being easily soluble in*water and in alcohol. 
The weight of the quinidine hydriodide, dried at 100®, ^ves, when multiplied by 
0*7168, the quantity of the*free liase. Vronf the hydriodide of cinchonine contami- 
nated with the amorphous alkaloid, the cinchonine is separated by treating the 
weighed mixture with alcohol of 40 per cent., in which only the amorphous base is 
easily soluble. The metliod of "sepianiting quinine fnjm ciuchonidine varies to a cer- 
tain extent according to the relative quant itien of the two, but the separation may 
always be effected by ether, 1 part of cinchonidino requiring for solution 170 parts of 
this liquid. The ciochonidine still remaining attacne<l to the quinine, may be re- 
moved by converting the Lises into sulphates, nnd proceeding according to the rela- 
tive solubilities of these twe salts. The quinine sulphate is then to Ije dried at 120** 
and weighed ; it contains 86*86 per rent, quinind. 

D^eetion and EatiiMUitm of Quinine in a^iniriftre of Cinchona-haMei, — According 
to de Vrij (Pharm. J. TraM. [3], vi. 461), the best reagent for this purpose Is the 
iodosnlphate of quinoidine, which, when added to a solution containing quinine, 
throws down a precipitate of quinine iodosulphate (hernpathite), identical with that 
which is formed on adding icxline to quinine sulphate. To prepare the trslHmluiton, 

2 parts of quinoidine ndi^ate arc dissolved in 8 partePof water containing 5 per cent, 
of snlphurie acid. To this solution 100 parts of water containiffg 2 parts of potos* 
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eiuin iodide and 1 part of iodine are «iow^ added, with constant stirring. The 
orange- oolonred. precipitate thereby £>rined rapidly coheres, on slight eleTatidn of 
temperature, t^a brown-red resindas substance fiom^which the supernatant liquid 
(which still contains a little ^nindidine sulphate) is poured off ; and the resinous body 
after being washed by heating with distilled water on the water-bath, is finally dried 
at 100^, at which temperature it is soft and tenacious, but becomes brittle on cooling. 
One part of this substance is heated with 6 parts of ‘alcohol of 92-91: per cent, until it 
is dissolved ; the solution poured off from a portion which separates on cooling is 
evaporated to dryness ; and the residue is treated with 5 parts of cold alcohol. A 
portion then remains undissolved, and separated by filtration from the clear dark 
solution, which constitutes the reagent. 

For the determination of the quinine in a specimen of mixed alkaloids from a 
cinchona-bark, 1 part of the alkaloids is dissolved in 20 parts of alcohol of 90-92 
per cent, containing 1*6 per cent, of sulphuric acid ; and the quinine is separated from 
this solution by the gradual addition of the alcoholic solution of quinoidine lodosulphate, 
the slightest excess of which, after the total precipitation of the quinine, imparts a 
deep yellow colour to the liquid. The vessel containing the liquid and precipitate 
is heated on a water-bath until the liquid begins to boil ; then, after cooling, the vessel 
is weighed (to ascertain the weight of the solution, in order to make correction for the 
slight solubility of the precipitated lodosulphate of quinine). The precipitate is now 
filtered, and washed with a saturated solution of quinine lodosulphate, ** and the 
weight of the funnel and moist fitter-paper ascertained ; the filter is then dried, and 
the weight again taken ; and the amount of quinine lodosulphate corresponding with the 
quantity of solution which remained upon the filter-paper is deducted from that cor- 
responding with the quantity contained in the original filtrate, the balance being added 
to the weight uf the precipitate, which is removed from the filter-paper and dried at 
100° until the weight is constant. 1 part of quinine lodosulphate corresponds with 
0*5509 per cent, of anhydrous quinine, or with 0*7245 of crystallised quinine disul- 
phate. 

The success of this method de^nds upon the fact that quinine is wholly precipi- 
tated by the lodosulphate of quinoidine before any of the other alkaloids are affected ; 
if^owever, the proportion of cinehoni&ine in the mixed alkaloids is large relatively 
to the quinine, it becomes necessaxy to add the test-liquid very carefully, and keep 
the solution continuously stirred, a^ otherwise an orange-colourtMi gelatinous precipi- 
tate of cinchonidine lodosulphate wll be formed before the complete separation of 
the quinine. Should this happen, the liquid must be heated until the precipitate is re- 
dissolved, before continuing the addition of the test-solution. 

Another method of determining the amount of quinine in mixtures of various 
kinds is des<.'Tibed by A. H. Allen (PAarm. «/. 7Vg7is. [3], vi. 964). The liquid con- 
centrated to about 10-15 c.c. is place^in a cylindrical vessel ; ammonia is added in 
sufficient^ quantity to make its odour perceptible; and the whole is covered with an 
equal volume of ether. The vessel is tightly clos^, and the contents shaken together 
several times, whereupon the quininC set free by the ammonia dissolves in the ether. 
The vessel is then left at rest till the liquids have separated ; the ether is pipetted 
off ; the entire process is repeated once or twice ; and the ethereal solution ie evapo- 
rate. The residue has a tolerably constant composition, not, however, that of 
quinine trihydrhte, C®*H*^N*0* + 3H*0, but nearly that of the monohydrate, from 
which, however, it differs by about 1 p. *c. water. The weight of this residue 
multiplied by the factor 1*289 givee that of the corresponding sulphate, 

+ 7H®0. This method, as shown by numerous expenments, gives 
satisfactory results, and may be appUe<l, for example, Uf the estimation of quinine in 
the mixture of its citrate with citrate of iron. 

According to A. N. Palmer (Pharm. <7. TVaxs. [8], vii. 89), the ether in this 
process may In many cases be advantageously replaced by chloroform. The experi- 
ments show that neither the excess of alkali required to precipitate the quinine, nor 
the presence of glycerin or sugar in the liquid, interferes in any way with the 
accuracy of the process. If the quinine salt is mixed with ammonium citrate, it is 
best to agitate the precipitated quinine with chloroform, as the base is not completely 
extracted from aqueous solution by ether. Attention U this point is important in 
the estimatfon of quinine in the citrates of quinine and of iron-quinine, as these salts 
are almost always mixed -with amnioni^nm citrate. 

Ferret {Dent, Chem, Qes, Btr, vii. 735) determines the amount of quinine 'in 
cinchona bark by means of 9odifim oilicatey which dissolves the alkaloids without 
altering them. 10 grams of the bark are heated with 60 grams of 90 per cent, 
alcohol oontaiuing 5 grams of a strongly alkaline solution of water-glass of 40° Bm. ; 


• Alcobol of 9a per cent., si (liesolves 0*133 per omt. of the qu) 
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the liquid u filtend after ten minutest ^and ttoe operations are twice repeated, tot 
with 80 gr. alcohol and 2*5 gr. water-glass, with SO gr. aloohjl* ^ue united 

Sltrates are eTaporated to a ^rup^a^ exiftustm' with etlmr ; tlia^esidne left on 
evaporation of the ether is acidulated with sulphuric achl ; and tho resulting quinine 
sulphate is either weighed as such, or precipitated as oxalate. 

Quinine may he distii^ished fn>m other cinchona alkaloids, by agitating 1 paH 
of the sulphate to an emulsion with 10 parts of water at 12^-15^, leaving the liquid 
at rest for half-an-hour, then filtering and adding 7 c.c. of ammouia-solutioft, sp. gr. 
0*96 to 6 c.c. of the filtrate. If the quinine salt is pure, no precipitation will take 
place ; but if other alkaloids are present, a pqscipitate will bo formed — in the case of 
ciuchonidine with not more than 1 part in 100 (Hesse, Deui. CAsm. Oes, JSer. x. 
2162). 


CiNCKOKiNB Group. 

ClBOftOBlaa, C**H**N*0. This base boiled with an aoueons solution of 
chloride^ sulphate, or oxalate of ammonia, is dissolved with evolution of ammonia 
(Hesse, lAeoi^M Annalm, clxxvi. 217). It separates from alcc^ol in anh^rons 
cxystals, gives no fluorescence in sulphuric acid solutions : its hydrochloride, 
C"H**N*O.HCl + 2H*0, crystallises in long needles; the acid otUphate, 
C”H**N*0.H*30^ + 21PO, in compact prisma (Hesse, Deut. Chem. Oes, Ber. x. 2162). 

Iodine-compounds. — Hy rubbing together 2 pts. of cinchonine with I pt. of 
iodine, treating tho mass with ordinary alcohol, and evaporating the alcoholic solution, 
yellow needles are obtained consist ing of the hydriod id e, C**IP*N*O.HI + H*0. The 
residue, which is ins^jluble in ordinary alcohol, dissolves in absolute alcohol, and from 
this solution U’ater throws down a aafiVoii-ycllow crystalline precipitate, consisting of 
thedi-iodide, C-‘»H^‘N*O.Hr^+ 2H*0. The tri -iodide, C^H^WO.HI* is obtained 
by treating cinchonine sulphate with iodine dissolved in potassium iodide, dissolving 
the precipitate which forms in alcohol, and evaporating the liquid (H. R. Bauer, 
Arch. Pharm. [3], v. 289). * *. . . 

The same salt is formed by oxidising an alccholic solution of einehonine hydriodide, 
or by mixing such a solution with iodinedissolved in alcohol, and separates insplenhld 
brown tabular eiystalB belonging to the rhombic system and having the composition 
C^H**N*O.HP + H»0 (Jorgensen, J, pr. Chem, [21,^iii. 146). 

Methyicinchonium tri-iodide, C®*H*^N*0,CH*I*, forms dark brown leaflets having 
an adamantine lustre, moderately soluble in hot alcohol, melting at 161*^-162**. 
J^hylcinehonium tri-iodide, C**H”N*O.C’H*I*, cpystullisos in dark brown prisms melting 
at 141®~142® (Jorgensen). ^ 

Cinchonine Sulphatoperiodidee (Jfirgensen, J, pr. Chem. [2], xiv. 866). 
8C*»H**N*0.aSH*0^.6Hl.I>®.12H*0 is formed by dissolving 2 mols. of cmchoniae, 
1 of Bulphurie acid and 2 of hydriodic acid in hot alcohol, and adding 2 at. 
of iodine. It is so easily decomposed that it ^st be washed with ice-cold strong 
alcohol, and at once dried by pressure and over sulphuric acid. It be^ns to lose 
water at 70®, melts at 140®-14J?®, and is perfectly decomposed at 170® with formation 
of chinoline. It is easily soluble in hpt alcohol, but is not aflected Inr ether, chloroform, 
or bisul^ido of carbon. It forms a double SaH with mercuric iodide.' 

40**H**N*0.2SH*0‘.4HI.I^* is obtained by dissolving cinchonine in boiling 
alcohol, with addition of the calculated quantity of sulphuric acid and hydriodie acid, 
and for each molecule of cinchonine at the post 2 atoms of iodineT Attempts to 
reciystallise this body product a mixture of the previous and the following compounds; 
possibly also cinchonine tri-iodide is formed at the same time. Bther and bisulphide 
of carbon are both siightlj|r colqured by this compound when hot : chloroform is not 
afiected by it. An alcoholic solution gives with mercury a subiodide and a double 
iodide. 

2C“H*^*O.SH*0*.2HI.I* is probably identical with the cinchonine salt obtained 
by Herapath, and may be prepared in several ways, e.y., by dissolving the theoretical 
quantities of the constituents in hot alcohol, and precipitating by addition of water. 
It is slightly soluble in ©th<lr, corbon sulphide, pnd chloroform, but dissolves with 
moderate fiicility in hot alcohol. With menrury it behaves like the preceding salt. 

Thiocyanate.- Potassium thiocyanab*, ambled to a concentrated aqiidtms solution 
of cinchonine hydrochloride at nrdinaiy temperatures, forms a white cunly pn^cipitate. 
If, however, the solution is warmed, and, if possible, srjmewbat diluted, the cijirhojiioo 
thiocyanate separates in six-sided prisms or in four-sid<sl leaflets perpendicularly 
truncated or bevelled at the ends. The salt diswdves Jn 474 pis. of water at 20®, 
with moderate facility in boiling water and in .nlcohol. The pimpitation of cinchonine 
from its pontral solnlions by a slight excess of {sitassium Ujiocyanate is so complete, 
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that^e flltfite gireg no precipitate with itminonia (Hesse, Annc^, clxxxi. 

61). According to Schrage {Arch, Pharm, [3], r. 601), when <&op8 of highly con- 
centrated soliikions of potassinm cthiod^anate and a fizinchoniDe salt are brought in 
contact under a mi croscope,^ fan-shaped groups of crystals gradually form, sometimes 
collected round an elongated axis, like the foliage of an E^uisetum. 

With phmolt cinchonine salts form oily compounds, which dissolTe easily in water, 
and are precipitated from the solution by further addition of phenol-water (Hesse). 

Hydroolnotaonineai Willm a. Cayentou, by treating cinchonine with potassium 
permanganate, obtained, together with other compounds, a hydrocinchonine having 
the composition C“H”N®0 (Ist Suppl. 464). According to Hesse {Liebiff^a Annalen, 
clxvi. 217), this body is formed by the reaction : 

C*®H*<N*0 + Mn®H»0» = + 2MnO* + 0\ 

H^droeinchonine thus obtamed ciystallises in shining colourless prisms soluble in 
alcohol to about the same extent as cinchonine. It dissolves in 534 parts of ether at 
20°, and in 1300 parts of water at 16°. In boiling water it dissolves to a considerable 
extent, the greater part separating in small prisms on cooling. The alcoholic solution 
has a basic reaction, and is easily neutralist by acids. The neutral salts crystallise 
well. The hydrochloride forms colourless prisms easily soluble in water, and like- 
wise crystallising in small prisms. The kydriodide also crystallises in white prisms, 
which dissolve sparingly in solution of potassium iodide, moderately in water, and 
very easily in alcohol. The neutral sulphate resembles ordinary sulphate of cinchonine 
both in form and in solubility ; the neutral and acid tartrate also resemble the 
corresponding cinchonine salts. When the tartrate in aqueous solution is mixed 
with excess of sodium carbonate, the hydrocinchonine separates in crystalline nodules 
in proportion as the carbonic acid escapes : hence tartaric acid does not hinder the 
precipitation of hydrocinchonino. When the solution of the base in dilute sulphuric 
acid IS mixed with a solution of potaasium permanganate, the latter is slowly decolorised 
at ordinary temperatures (Hesse). 

The same, or an isomeric base is formed, together with a more highly hydrogenised 
compound, by the action of nascent hydrogen on cinchonine. When a strongly 

aOiU solution of cinchonine acetate is treated with sodium-amalgam, hydrogen is 
evolved, slowly at first, rapidly after further addition of the amalgam, and an oily 
liquid separates, the quantity of v.hich increases on cooling. This oil dissolves in 
water, and on adding ammonia to tlib solution, a white precipitate is formed, separable 
by ether into two parts, the larger portion being insoluble in that liquid. This 
insoluble portion dissolves readily in alcohol, especially at the boiling heat, and may 
be ol tained by repeated crystallisation from the alcoholic solution, in brightly shining 
scales having the composition (W. Zoru, J.pr. Chern. [2], viii. 275). 

By treating the base with a quantity of dilute sulphuric acid not sufiKcient to 
4|iBBolvn ntho whole of it, a solution is obtained which on cooling deposits long 
^iSrystalline needles having the composition of tlie anhydrous neutral sulphate, 

When crystallised hydrocinchonine is heated with ethyl bromide to 100'* in sealed 
tubes, the contents become red and soluble in water, and the aqueous solution leaves 
on oYAporation jtji deep red syrupy mass, ^ Absolute alcohol dissolves a portion of this 
product, leaving a white powder veiy soluble in water, and the resulting aqueous 
solution deposits on evaporation large col6urless rhombohedrons of the compound 
0“H^N='0.‘20*)I=‘Br, or C“H“(C*H»)*N«O.Br*, designated by Zorn as diothyl-cin- 
^hiOnine dibromide. This compound is distingpishod from ethyl-cinchoniue 
bromide by its solubility in water and insolubility in alcohol. Its solution is not 
precipitated by alkalis, but the alkaline liquid quickly turns brown and decomposes. 
The solution of the dibromide digested with moist nWer oxide yields a strongly nlka- 
liuiq uid, which, however, immediately decomposes in a similar manner. 

Amorphous Hydrocinchonine, C*®H**N*0, is formed in small quantity, together 
with crystalline hydrocinchonine, by the action of sodium-amalgam on cinchonine 
disaolved in acetic acid, and constitutes the portion of the ammonia precipitate which 
is soluble in ether. By a slight modification of the piocess it may be obtained in 
larger quantity. A elution of ciiibhonine acetate mixed with a quantity of alcohol 
sufficient te retain in solution all the cinchonine that is set free at the boiling heat, is 
subjected to prolonged treatment witlf sodium-amalgam, and the hot alkaline liqpid 
thereby pr^uced is mixed with an equal volume of water, whereby an oily layer is 
immediately separated, the quantity of which increases considerably on cooling. 
This oil dissolves almost completely in ether, the slight residue consisting of crystallised 
hydrocinchonine, a small quautity of which, however, is dissolved by the ether; the 
amorphous base may be freed from it by redissolution in a small quantity of ether. 
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i'he etliereal solution, wliieli hat a beantifhl Tiolet flaoreaotnoe, teavet tha bate 
0**H**N*0, on evaporation, in the form of a jellovriah perfectly amorphous mast 
having a faint sweetith tatte. All ittJlNimptands and derivat^s are likewise 
perfectly amorphous. ' * ^ 

The tftraiiitrct-derivatiw, Cf2*H®*(N0*)*N’0, is formed by gradually adding red 
fuming nitric acid to a solution of the base in dilute nitric acid, and se^rates ou 
addition of abater, as a yellow amorphous powder nearlv insoluble in alotmol, ether, 
and benzene, soluble in concentrated acids, and separated therefrom by water. When 
heated it does not explode, but takes fire and burns quickljr, leaving a slowlpr com- 
bustible cinder. It may be amidated by treatment with tin and hjrdxpchloric add, 
but the resulting compound is not of a char^ter to admit of exact investigation. 

Action of Eitkyt Bromide on 4f*ioi^hone Ifydrocinchonine, — ^This base heated to 
100^ in sealed tubes with ethybbi^Smide yields an amorphous mass soluble in wa^ 
and forming a strongly acid solution from which ammonia throws down a white 
earthy precipitate ; this, however, quickly decomposes, so that it is not possible to 
obtain the compound in the pure state. The ethylation appears to be incomplete, 
even after rep^ited treatment of the precipitate with ethyl bromide. 

By subjecting the salt obtained after twice-repeatwl trentment with etliyl bromide 
to the action of turning nitric acid, a nitro-derivatiyo is obtained having the composi- 
tion C”H”(C®H*)*(N(y*VN'^OBr*, and differing from the nitro-derivative of crystallised 
hydrocinchonine in being less easily combustible and not being coloured by ammonia. 
Its formation may bo explained by supposing that the action of ethyl bromide on 
amorphous hydrocinchonine first gives rise to the compound C**H**fC*H*)®N*0,2HBr, 
and that by the further action of ethyl bromide on the base C“*IP*(C*H®)*N*0 pre- 
cipitated therefrom by ammonia, tno compound C^H**(C’^H*)*N*0.2C*H*Br, or 
C •H*(C3*H*)*N*OBr*, is formed, which by substitution of 4NO® for H* yields the 
compound above formulated (2^rn). 

Hexehlorhydrocinehonine^ C*H“Cl*NO facoording to Hesse). — This com- 
pound is formed with great evolution of heat, when chlorine gas is passed into a 
solution of amorphous hydrocinchonine in hydi^hloric acid ; the liquid acquires a 
deep reddisb-yellow colour, and when mixed with water yields a bulky yellow precipi- 
tate, which, after washing withabsolat6alcobol,*has the composition 0“H"Cl*N0 + 

It dissolves easily in strong acids, and is reprecipitatM by water ; easily also in 
alcohol and in ether ; it appears to be quite incqpable of crystallisation. It is de- 
composed by heat, but the chlorine which it centains appears to be very intimately 
combined, not being precipitated by silver nitrate. 

The action of chlorine on amorphous hydrocinchonine likewise gives rise to a 
volatile decomposition-product which imparts an aromatic odour to the liquid re- 
maining after the chlorhydrocinchQuine has been precipitated by water 'This volatile 
compound may be extracted from the liquid by moans of ether free from alcohol, and 
purified by evaporating the ether and distilling the residue with steam. It cn — 
in slender needles which melt at 135°, and dissolve very easily in alcoholic 
less in ether, but are insoluble in water. Tlfis compound has the compositi 
tetrachlorocrypt idine. The reaction by which it is produced is not yet t 
stood, but its formation justifiee the conclusion that cinchonine contains an ll-earb6n 
radicle, and that the bodies of the cliinoliii^’ series are intimately related to cinchonine. 


Skraup {Dtui, Chem. Gee. Ber, xi. 311) takes a different view of^the congj||iiliDn 
and relations of the hydrycinchonines. Uis analyses of cinchomne lead^bpi^liMi 
formula C**H*-N*0,* originally proposed by laurent (i. 94); and finds^lKSib 
chief products of the oxidation of cinchonine by permanganate are cinchoteninOi 
(Is/ Buppl. 464) and fonnic acid.'acoofding to the equation : 

C**H“N20 - q*»H"N*0» + CH*0». - 

Cinchmiine Ois^ot«nlxi<- Pennio 

acid 

This eqTiation, however, does not explain the evolution of oxygen, which, according 
to Skraup's own obeervatio:::, is an invariable concomitant of the reaction. 

By the action of sodium-amalgam on cinchdnine dissolved in acetic acid, Skraup, 
like Zorn, obtains two hydrocinchonine#, om crystalline, the other ansorphous, the 
poroportions of the two prr^uoed vaiying acedraing to those of the materials employ^. 
Whsn the proportion of sodium -amalgam was such as to yield between 3 and 4 at. H. 
to 1 mol. cinchonine, the product consisted almost wholly of the more highly 
hydrogenised amorphous base ; and with 1-2 at. H. to 1 mol. cinchonine, the quantities 
of crystalline and amorphous hydrocinchonine obtaJbed were nearly equal. Hence 

* Hesse thinks it mofrt protiable that he was dealtng wKh hntnoclnchontne^ 

Srd Sup, *1 1 
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Skraup coneluddii tJiat the amorphous base must be formed by assnmptioiif not of 4Hy 
as it should according to Zorn’s formula, but of only 2H. The difficulty of obtaining 
this compound the pure state hfis hi^arto prevenlAd the determination of its 
formula by exact analysis ; but> the analyses made {avour the conclusion that it con- 
tains only 19C. 

The analyses of ciystnllised hydrocinchonine and of its platinochloride lead to the 
empirical formula whence Skraup infers thht this base must bedihydro- 

dicinchonine, formed by the union of two cinchonine-molecules 

irith addition of 2 at. hydrogen. This view is in accordance with the fact, also 
observed by Skraup, that the crystallise^’^ base is not converted into the amorphous 
base by the action of nascent hydrogen. 

Similar results are obtained by acting on cinchonine with zinc and dilute sulphuric 
acid, excepting that the hydrogenation is altogether less complete, and the proportion 
of crystallised bydrocinchonine larger. 

Oldoroolnolkdiitde* C^H^^Gl (W. Zorn, J. pr. Chem, [2], viii. 279). This 
compound, derived from cinchonine by substitution of Ci for HO, in the same manner 
as chloroo^idefrom codeine (Is^ SuppL 480), is produced by heating cinchonine hydro- 
chloride to 140°-160® in sealed tubes for several hours with highly concentrated hydro- 
chloric acid, prepared by saturating ordinary strong hydrochloric acid cooled by ice 
and salt with dry hydrogen chloride ; by hydrochloric acid of ordinary strength the 
cinchonine is converted into the isomeric base cinchonicine. On opening the tube 
and evaporating the contents, hydrochloride of cinchonidide is obtained, from which 
the base itself may be precipitated by ammonia in shining crystalline scales having 
the composilion C''*®H^N®C1.H'‘‘0, The water of crystallisation is not given off at 
120^, and at higher temperatures decompomtion takes place. The hydrochloride, 
C”H”N*C1.2HC1.H“0, dissolves in about 20 parts of water, and crystallises therefrom 
in transparent six-sided prisms, which become opaque when moistened with pure 
water, but recover their transparency in contact with hydrochloric acid. It is but 
slightly soluble in moderately concentrated hydrochloric acid, and is thrown down as a 
crystalline powder when its solution in the strong acid is diluted with water. The 
aqueous solution has a strong acid rqjiction, and exhibits all the properties of 
cinckJUine hydrochloride except its fluorescence. The crystals do not give off their 
water at 120^, but suffer decomposition at higher temperatures. 

Chlorocinchunide is not reconverted into cinchonine by heating with water or 
with alcoholic potash, neither does the chlorine appear to be replaceable by cyanogen. 
Heated to 1 60*^-160'^ iu scaled tubes with alcoholic a7ti7nonia it dissolves, with sepa- 
ration of ammonium chloride, indicating a reaction expressible by the following 
equation ; 

< C«'n«N*Cl + 2NH* == NH®01 +. C«H“(NH*)N* ; 

but na depislve evidence of the formation of amidocinchonide has yet been obtained. 

Attempts to replace the chlorine in chlorocinclionide by hydrogen, and obtain the 
oonapound (cinchonine mmifa oxygen), did not yield the expected result. 

'Wiran an alcoholic solution of chlorocinchonide was treat6<l for some time with sodium- 
amidgam, and the resulting liquid mixed with water, microscopic crystals separated, 
consisting of a compound isomeric with chlorocinehpuidc, and at the same time there 
was formed an unfrystalli sable compound tloluble in ether, and yielding a nitro-deri- 
vative having the composition C‘^“ir*®(NO*)*N®0! : hence it appears probable that the 
compound soluble in ether is an addition-product of chlorocinchonide, viz., C^®H'^'N^C1 
(Zorn). ; ' . 

Bromooinolftoainee (A. Kopp, Arck.» Pharm, [3], ix. 34). Monobromoein- 
chonine, C‘®H®*BrN^O, is prepared by dissolving cinchonine hydrochloride in dilute 
alcohol, and mixing the solution with rather more ilmn the calculated quantity of 
bromine dissolved in alcohol. On adding ammonia till the red colour of the liquid 
changes to yellow, crystals of monobromocinchonine separate out. Sesquibromo- 
cinchonine. is obtained bv treating cinchonine with excess of bromine 

at ordinary temperatures. Dibromocinchoniue, C*H*®Br*N*0, is produced by boiling 
the hydrochloride of cinchonine with excess of bromine, ajtd is obtained in laminar 
crystals by boiling the resulting remnous mass with water. These three bromo- 
cinohonines melt at nearly the same temperature, and decompose at the following 
temperatures * 

Mono-. Sesqtii*. D1-. 

above 230® at 180® at 200*^ 

ftesroteeHontnea. Mono-, ses^ui-, and di-oxycinchonine ore prepared by boil- 
ing the corresponding bromoeindhoiunee with alcoholic potash and water, precipitating 
with water, and repeatedly treating the precipitate with potash, and may be purified 
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by satmatiog ibe solution with carbonic acid» oTapomting, enJiansting with water, and 
crystaUising the residue fipom alcohol. ■ 

Monoxyeinehomne, crtiftaUisIs in prisms ; ^ynuioxyomel^ 

0*H*N*0*, and dioxyomchonine, in feathwrj crystals, lliese compounds 

are white when recently prepared, but turn yellow on exposure to the air. They 
dissolve readily in alcohol, less easily in ether, are Insoluble in water. Their acid 
solutions are not fluorescent. Their salts are difficult to ciystallise. They are not 
sublimable, and turn brown at 205**, 208^, and 220** respectivel^r. They are not 
coloured green by chlori no- water and ammonia, or red with potassium ferrocyanide 
and ammonia. They form white prooipiCatps with tannic acid, brown with potassium 
periodide, yellow with platinic chloride. By the action of acetic anhydride at high 
temperatures, they are converted into brown greasy masses. Tho rotatory power of 
the three oxjcinchonines in Hesse's mixture of chloroform and alcohol is : 

Monoxj-. Sesqa{oxy<:. Dtoxy-. 

a - +103 98 +271U* +214-84 


Acids produced by Oxidation of Cinchonine (H. Weidel, Liebig*a 
Annalen^ clxxiii. 76). 

0inchoninetr6atedwithnitricacidofsp.gr. 1*4 yields a mixture of four acids, 
the relative proportions of which vary with the strength of the acid, and the duration 
of the action. These acids are formed by the following reaetions : 

C»H**N*0 + 40» - 6H«0 + C»H»«NH>0 
lUurhoutne. Glntdwnltile acid. 

C“H‘*N^0‘ + NHO* + 6NHO» - 3H»0 + 4NO* + C»H»N*0«. 

Olnchomeronto 

Cinchonlnlc sold. sold. 

. + C*H«N*0*. 

QulnoUo odd. 

CH-NW + 0« - 

Oxydncliomeronio 

Clnclioiueroolo add. odd. 

Cinchouino in half kilograms at a time, is heated with ten parts of nitric acid in a 
ctipaoious retort ; in an hour the mixture begins to boil, and an enermtic reaction sets 
in, tho liquid becoming dark orange-yellow; tho source of heat shoubi be removed till 
this stage is over ; finally tho whole is boiled for 70 tr> 80 hours, until a sample diluted 
with w-ater and su|>erHat.urated with ammonia, gives n clear solution, the precipitate 
first thrown down being re-dissolved by the excess of ammonia. The excess Of acid 
is then distilled off, and the residue evaporated to a syrup, diluted with a little water, 
and then disseminated through 4 to 6 litres of water. After 24 hours, a clear liquid, 

A, and a yellow prectoitate, B, are obtained. The aqueous solution, A (together . 
the wash-waters of B) is tresited with ether, whereby a solution is obtmned, which 
leaves on evaporation so indistinctly ciystalline, sliglitly coloured mass, C. The 
aqueous liquor thus exhausted by ether, and left to itself for scvf^ral days, deposits 
crystals, D; and the mother-liquors of these, when evaporated, give another crop of 
needles, £, whilst the lost mother-liquors, F, are uncrystallisable. 

B si>d C consist chiefly of qninolic acid ; the mixed substance^ are dissolved in 
hot, strong, hydrochloric arid, and filtered ^rom a little resin ; on coolin|f ctystals 
form, c^^nsisting of a hydrochloride of quinolic acid, stable only in preeence^^f strong 
hydrochloric acid, and completely decomposed by water; these are dissolved in 
dilute hydrochloric acid ; the solution, after treatment with animal charcoal and filter- 
ing, deposits slender nee^es of pw qninolic add. > 

D is purified by dissolving it in hot dilute nitric acid, filtering after boiling' with 
animal charcoal, iriiereby resin is removed, and leaving the solution to crystallise ; 
the crystals an dissolved in a large bulk of boiling water, and treated with milk of 
lime, until the liquor is oaly ftobly acid. The precipitate eontains much calcium 
oxyeinchomeronatc, some of which salt also mystalHses from the filtrate on eooli^. 
The calcium salts are dissolved in hot dilute hydrochloric acid, from which solution 
oxycinebomeronic acid crystallises in ffammarent tables. The filtrate from the 
aystais of calcium salt is evaporated, and treated with hydrodiloric acid, when ein* 
chomeronie acid separatee in crystals; thisis the least soluble of all the dnebonine 


• ProtmVly • miqirlnt Cor 171*14, stnoe Kopp rorasrics tbat^bs rototorr powor of ti>e oxyetndKi' 
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oxidation-products. This first piroduct is purified by crjstallisatioii ; finally trans- 
formed into eopx>er-8alt by addition of eop^ acetate to. the hot aqueous solution, and 
decomposed by sulphuretted hydrogen. ^ ♦ 

E consists chiefly of cinch^ninic acid, and is purified by recrystallisation from 
water, and treatment with animal charcoal. 

E contains cincboninic abd cinchomeronic acids, separable by saturation 
with ammonia, filtration from resin, treatment of the titrate with silver oxide, and of 
the silver «alb thus formed with hydrochloric add, whereby a solution is obtained, 
which gives a crystalline mass on evaporation ,* part of this remains undissolved on 
boiling with a moderate quantity of watei^: this is cinchomeronic acid. 

Cinolionlnlo ikold separates from aqueous solutions which have been boiled for 
^ some time, in anhydrous crystals resembling caffeine ; from solutions which have not 
.been boiled, in well-defined prismatic crystals containing 4 mols. of water. By slow 
evaporation hydrated tabular crystals are obtained. The hydrated acid effloresces, 
dissolves slowly in alcohol, not at all in ether, in water only aftd long boiling, easily 
in dilute acids. The anhydrous acid is more easily dissolved by water. The solution 
is strongly acid, decomposes carbonates, and is precipitated by basic, but not by 
neutral acetate of lead, the precipitate being soluble in excess of the reagent and in a 
largo quantity of water. The calcium salt, C*®H»*CuN20^+ is slightly soluble 

in hot, nearly insoluble in cold water. The capper salt is anhydrous, forms violet-blue 
leaflets, and is very sparingly soluble in water. The silver salt^ C“H**Ag®l^*0^ is not 
characteristic. The potassium salty C**H**K*N®0^ + H®0, crystallises in cauliflower- 
like masses. The solution of the acid in hydrochloric acid forms with. platinic chloride 
the salt 0®*H**N*O*.2HCl.PtCl\ which crystallises in long, orange-red, sparingly 
soluble needles. 

Cinchoninic acid when heated, melts and sublimes with partial decomposition, and 
bunis with a bright flame. The calcium salt when heated gives off the odour of the 
quinol-basea. The acid heated with nitric acid is completely resolved intoquinolic and 
cinchomeronic acids. 

^ Qnlnollo Aold, C®H*N*0*, forms light, woolly, anhydrous crystals, resembling 
quinine sulpliate ; it tastes sour at first, then bitter, and is but little soluble in alcohol, 
andi.l^lulile in ether and water, except in presence of a mineral acid or acetic acid. 
Caustic potash and ammonia coloiir it bright carmine-rod, the colour disappearing 
however spontaneously or on addition of water. The silver salt, C®H<Ag*N'‘*0*, is 
crystalline not altered by light ; the other salts crystallise badly, and are difficult 
to purify. With AycirofA/oric ocid quinolic acid forms the compound' C**H*N*0*.HCI, 
which IS decomposed by water, and forms with plathiic chloride the compound 
2(C'*H®N^O*.HCl).PtCP, W’hich separates in needle.*: of a fine dark orange-red colour, 

Quinolic ac(d when heated belwives like ciiichonioic acid. Fused with potashy it 
yields potassium nitrite. With iiu and hydrochloric acid it forms a resinous amido- 
product, lleated wnth twice its weight of water and an equal quantity of bromine in 
a sealed tube, with repeated additicn ed bromine, it forms a resinous product, which 
when recrystallised from alcohol, distiHed, and again cryst»illised, forms nearly colour- 
less needles mtdting at 88®-90°, and having the composition C®HBr*N. This com- 
pound, treated with sodium-amalgam, yields an oil soluble in ether, and having all the 
properties of chinoline. • 

Olnobomeronlo Acid, C’*n®N®0®, dissolves most easily in very dilute nitric 
acid, and crystallises therefixmi in crusts and nodules composed of small needles ; in 
ether and in alcqhol it is nearly insoluble. When boated it behaves like the two 
preceding acids. The calcium salt, (C**51^N”0‘»)"LV + 1«H‘0, and the Inirinm salty 
(C^H^N^O^y^Ba* + 4H“0, obtained by precipitating the nmraouiacal solution of the 
acid with^ the corresponding chlorides, are crystalline precipitates di.ssotving with 
difficulty in water and giving off their water of crystaflisation at 120'\ The capper 
»ol<, (C^H^N-O^l'Cu*, separates on adding cupric acetate to a solution of the acid in 
aoetia acid, as a sky-blue crystalline anhydrous precipitate nearly insoluble in water. 
The stiver salty C“H''‘N*0®Ag*, obtained by precipitation, is not much affected by light, 

Oinchomeronic acid fVised with caustic potash does not yield potassium nitrite. 
Bromine and water convert it into a yellow, crystalline, difficultly purifiable substance 
containing bromine and nitrogen. H^ted with nitric acid in sealed tubes, it is con- 
verted into c^^cinchomeronic acid. Its calcium salt is decomposed by distillation, 
yielding pyridine. ^ 

Oxycinekomeronic acidy crystallises in distorted, highly lustrous 

leaflets, considerably soluble even in cold water, easily soluble in alcohol, insoluble in 
other. Its solutionB are coloured blood-red by ferrous sulphate, the colour disappear- 
ing on addition of a acid.^ The acid contains water of crystallisation, which it 
gives off at 120®, 
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The potassium SaU^ C**H<K^N*0*> is veiy hygroscopic ; the s(tsm saity C**H^Ag*N*0, 
derkens on exposure to light or when drie^z ^o cedctum salty form 

dull sandy crystals nearly infoluble in watw ; (he coppor salty is a 

gummy amorphous precipitate. s 

Yjroetsiolioiilo Aetd* is formed by the dry distillation of cinchonic 

acid : 

C»H”0» =» CO* + 2H*0 + 

it passes over in the form of an oil, solidifies after a while, and may be obtained by 
pressure, re-distillation, and crystallisation from ether, in well-defined tabular 
crystals. 

Pyrocinchonic acid is more soluble in ether and alcohol than in water, has a sweet „ 
taste and acid reaction, molts at 95^, Tolattlises with aqueous vapour, and behaves to 
metals like cinchonic acid, yielding salts having the composition With 

melting potash, it yields oxalic acid and somo of the lower fiitty acids, and when boiled 
with chromic acid solution it gives off carbon dioxide and acetic acid. It is not acted 
on by acetyl chloride. 

Hydropyrocinchonic acid, is formed by boiling an alcoholic solution of 

pyrocinchonic acid with sodiiun-amalgam : 

+ H* + 2H*0 « 

and may be obtained in dull fiat needles by neutralising the product with sulphuric 
acid and exha\isting with ether. It melts at 170^, and forms a crystalline silver stilt, 
C'‘»H'»Ag»0\ 

Cfnelioiilo Acid. C**H*^0*. Cinchomeronic and oxycinchomoronic arid, when 
treate^l with nascent hydrogen, give off the whole of their nitrogen in the form of 
ammonia, the former being converted into cmchonic acid, the latter probably also into 
the same com^touiid ; 

+ 6H + 3H*0 « 2NIP -i- 
Clnctiomeronic CInchonio 

acid. acid. - 

To prepare cinchonic acid, a solution of cinchomeronic arid in potash is boiled with 
sodium amalgam as long as ammonia is given off ; the solution noiitralifed with acetic 
acid is precipitated w'ith basit^ lotid acetate ; the precipitat e is docomposed with hydrogen 
sulphide ; and the acid solution decolorised with animal charcoal is evajKirated to a 
syrup. It then, often only aft4*r several months, yields very deliquescent crystals, 
which may be purified by rocryst^lltstiLion from other. 

Cinchonic acid h.us a strong and agn^eable sour taste, like that of tartaric acid ; its 
aqueous solut ion gives a w'hile precipitate with limd acetate, but does not precipitate 
the salts of silver, copper, or the metals of the iron group. The silvery cafviumy and 
copper ealta are amorphous — the first two white, the third light blue — and have a 
composition represented Ijy the formula 


Const itution of Cinchonine and. its Acid I}erivativSs.-;^'Weiddl attri- 
butes to cinchonine the formula — 

CU* 

This would readily give hy oxidation C*H*N.CO*H, this formula l>eing half that alxive 
attributed to cincnoninic acid. The doubling of the formula is justified by the fact 
that cinchoninic acid splits up sharply into quinolic acid, and cinchomeronic acid 
(p. 483), and yields acid salU. 

Quinolic acid is probably dihy<lroxyl-nitroqui noline, C*H^N(0H)*(N'0*), as it 
yields nitrite of potassium on fusion with caustic potash, and is convertc^d by tin and 
hydrochloric acid into a r4blnons, easily decciinposed amido-product. 

Cinchomeronic add is probably C*H*N*(CO.OFJ)*. 

Oxycinchomeronic acidy 
Cinchonic acid, 

whilst pyro-cinchonic acid is OH)** ^ cinchonic acid the same re- 

lationship as itaconic acid to citric acid. 
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Clnelioiiidiiief C"H®WO (the quinidine of Henry a. Delondre; a-qumidine 
of Kerner), czystallises from alcohol in aijjpiydroiis needles, prisms, or plates, gives 
no finoresceoce ('tthezi pure), and nef green coloration 14th chlorine and ammonia. 
It is l»vorotatory. The hydrochloride is C®®H*^N»O.HCl + H*0 ; the sulphate 
C»H«N=fO.H2SO^+ eH^'O (Hesse). 

Sulphato-periodidea. — 12C^*H''®*N*0.9H2S0*.8IJI.I*^ + H'-'O, Herapath’s brass- 
yellow salj:, is easily prepared by slowly cooling a Solution of the theoretical 
quantities of its constituents in hot alcohol. It crystallises in very finfe rhombic 
golden plates. Bisulphide of carbon is only faintly coloured by it even when hot : 
ether and chloroform not at all. With ancrcury it gives mercurous iodide, and a 
double iodide. It is soluble in hot alcohol. 

4(T5»H'i<N*0.2H‘^S0*.3HI.I® + 4H*0 almost always separates from the mother- 
liquor of the previous and following impounds in long, thin, silky, reddish yellow or 
golden-yollow needles. When pure it loses all its water on drying over sulphuric 
acid. It imparts no colour to ether, chloroform, or bisulphide of carbon, but is soluble 
in hot alcohol. The solution does not form mercurous i^ide when sh^en up with 
mercury, hut au almost white double salt crystallises out on cooling in silky, faintly 
yellow, stellate masses of dat needles. On dissolving it at a gentle heat in alcohol, 
with addition of a very little sulphuric acid, a yellowish salt separates out on cooling, 
and afterwards an olive-green compound into which the whole is finally converted. 

8C“H«N'^0.6H*S0^6HIJ“+6H*0 may be prepared by dissolving 3*08 grams of 
cinchonidine in 100 c.c. of alcohol (93 per cent.) and adding 10 c.c. of sulphuric 
acid and 10 of hydriodic acid. If 1-905 grams of iodine in 60 c.c. of alcohol be then 
added, and the temperature kept at 55^, thin olive-green needles are formed, which 
must be filtered off before the liquid has cooled to below 30°. This periodide is not 
the same as the green compound described by Herapath. It has no effect on ether, 
chloroform, or bisulphide of carbon ; it gives a double iodide with mercury, but no 
mercurous iodide is formed. 

is obtained by cooling a solution containing the 
calculated quantities of the coi]stitucnt.s in hot alcohol. It consists of reddish or 
dark brown stellate masses of short, thigk* brilliant needles. It gives no colour to 
etheff^ chloroform, or bisulphide of carbon. With mercury it forms mercurous iodide 
and a double iodide. It is easily convertible by addition of hydriodic acid and dilution 
with water, into the second compound. Heated to 100°, and boiled with alcohol, it 
yields for the most part olive-green iiotdles of the tliird compound (Jorgensen, J. pr. 
Chem. [2], xiv. 387). 

Thiocyanate^ C”H**N*O.HCNS, — This salt is formed by adding potassium thio- 
cyanate to a warm aqueous solution of the sulphate or hydrochloride, a milky turbidity 
being first proci'uced, and the thiocyanate soon after separating in slender white anhy- 
drous prisms. It dissolves in 205 pts. of water at 20°, easily in boiling water and 
in alconol, <8 nearly insoluble in ether, and quite insoluble in solution of potassium 
thiocyanate. An aqueous solution of phenol added to the aqueous solution of this salt 
produces a milky turbidity and afterwards an oily precipitate, above which colourless 
prisms gradually form. 

The neutral salt treated with sulphuric acid is converted into an oily acid salt 
(Hesse, Liebig's A^nnad€n, clzxxi. 50). , • 

Pbenol-olnalionidlne, is formed by dissolving equivalent 

quantities of cinchonidine and phenol in hot cUlute alcohol, and separates from the 
solution ns an oil which solidifies after a while in Ijcautiful prisms having a glassy 
lustre. It gives a dark yellow colour with ferric chloride, showing that the phenol 
reaction in it is masked ; the phenol may,^ however, be separated from it by dilute 
acids, also by repeated crystallisation from Blcohol,^ and by heating to 180° (Hesse, 
jjiebig*8 Annalen, clxxxi. 53; clxxxii. 160). * 

cinchonidine stUphate, 2C**H**N®O.SO*.C*H*0 + 6H®0. — This salt is formed 
by adding phenol-water (1 : 25) to a hot aqueous solution of neutral cinchonidine sul- 
phate, and separates on cooling in crystals which may be ptirified by recrystailisation 
firom boiling water. It then forms white shining scentless prisms having the composi- 
tion 2C**H**N<0,SO*,C*H*0-h SH’K). ^It dissolves in 425 ^ts. of water at 16°, easily 
in boiling water, and is in great part precipitated from a cold satnrated aqueous solu- 
tion by phenbl-w-ater. It is readily so)nbJe in hot alcohol, and partly separates in 
prisms on cooling. Ferric chloride princes with it a dark yellow colour, showing 
that the phenol is not thereby separated ; a separation of phenol takes place however 
when the solution of the salt is treated with dilute acids or with ammonia or other bases. 

Pheuiol-einchanidine hydroc^oride, 2C**H*^N*O.HCl.C*H*0, is formed by dissolving 
cinchonidine hydiochluriuo and phenol in equivalent proportions in hot water, and 
gepurates on cooling in which may be purified by recrystailisation from boil- 
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iog water. It fbrms white vrmnular ci^stuls eontainin^ 1 mol. HK). Heated to 100^ 
in an open eracible, it gives oft water together with eonsiderable quantities of 
phenol, and a further quantity (about 22 {ikr cent, in all) at turning brown at 

the same time and dissolving with brown colour in wate. But whe# heated to about 
100^ in a loosely closed test>tabe, it melts and gives on water, Md the mass, if then 
left to cool, becomes covered with a crystalline crust, while the interior remains diud 
for a long time, this fluid mass ‘evidently consisting of the anhydrous salt. . Partial 
fusion lik(‘wise takes place when llie crystuliisod substance is heated ^w^th hot 
water. 

The salt dissolves easily in alcohol and in hot water, in 46 pts. of water at 15^, 
and is partially precipitated from the last^mdlitioned solution by phenol-water. It dis- 
solves easily in chloroform, very sparingly in ether. Its specific rotatory power at 15^ 
for the 1) line is — ]24'12'\ With ferric chloride it behaves like the phenqUsulphate ; 
the phenol contained in it has lost its caustic properties, but is easily liberated by 
acids or alkalis. On adding platinic chloride to a difnte solution of the hydrochloride 
in phenol- water, a precipitate is formed consisting of the platino-ehloride of cin- 
chooidine. 

Another pheuol-cinchonidiue, 20*H.**N‘K>.3C*II*0, is formed when 1 mol. cin- 
ohonidine and 2, 3, or mure molecules of phenol are dissolved together in alcohol. It 
closely resembles the preceding compound, and is likewise decomposed by hot alcohol ; 
a solution of 1 pt. of the compound in 6 pts. alcohol, first depositing crystals of 
2C**H**N"0.C*H*0, and on further recry stall isation, pure cinchonidiue. 

OlUoroeinolionldlde, C^H^N*C1. This compound is formed, like the corre- 
sponding cinchonine derivative (p. 482), by heating cinchonidine to 140^»I60^ with 
highW concentrated hydrochloric acid. 

The contents of the tube may be diluted with water without separation of crystals, 
and ammonia added to the solution throws down the chlorocinchonidide as a white 
bulky pnH?ipiUiLe, which dissolves in alcohol, and sei>arates from the solution in 
brightly nacreous scales having the composition + II^O (i^rn, J. pr, Chem. 

[2], viii. 279). 

StoajolBolioiiidlnt;, When bromine is added to a mixture of 

finely po'^erod cinchonidine and carbon sulphide, the compound, C<’”H"Br*N‘''0 + 2HBr, 
is obtained in fine yellow needles. It is iosolubli. in carlwn sulphide, but dissolves in 
alcohol. When this solution is boiled with Water to remove the alcohol, and the 
liquid is evaporatiMl itt a vacuum, the hydrobromide is obtained in long colourless 
ingles. By the continued action of liuiling alcoholic potash, this salt is converted 
into dioxt/eincAonidine, forming ramified crystals. The nonnal sulphate 

of this base, (C*'H**N*0*)=*SO*H.*-^‘ 2H*0, forms strongly refractive while plates. On 
dissolving it in dilute sulphuric acid and evaporating the solution over oil of vitriol, 
the acid salt, is obtained in hard crystals. The platinum sal<4 

C^H*^N''‘O^.2H0i.PtCl% is a crystalline precipitate insoluble in water. Oioxycinohoiu- 
dino has the same composition as oxyquinino, which Bebiitzonbergor obtained by t>oU- 
ing quinine sulphate with potassium nitrite (iv. 320), but does not appear to be iden- 
tical therewith (Skalweit, Liebig^s Annaleih^ claxii. 102). 

OInelionioine, is prepared, similarly to quinicine, by the action of 

heat on the acid sulphate of cinchonine or cinchonidine. This salt, after drying in 
the exsiccator, melts at 130°, and is converted inti> cinchonicine bisulphate without 
the slightest alteration of weight."" Cinchonicine may also bo prepased from cincho- 
nine, but not convent oiltly, as the bisu!V)bate of that base aoes not crystallise 
readily. The melted mass is dissolved* in water, the solution supersaturated with 
ammonia and shaken up with ether, the ether evaporated in the exsiccator, and the 
residue converte<i into neutral oxalate, which crystallises after a while, and is to be 
dried in the cxsiccatxir, freed from colouring 'matters by repeated crysUdlisation from 
boiling chloroform, and finally recry stallisod from water. ^ 

To obtain the cinchonicine from this salt, it is mixed with slaked lime or" caustic 
soda and a little water, and the separated alkaloid is taken up with absolute ether. 
On evaporating the coloiiflcks ethereal solution, the cinchonicine remains as a slightly 
yellowish amorphous mam, which, when dried ih the same manner as quinicine, first 
in the exsiccator, and then in a vacuum at 6^, gives by analysis numbew which show 
that it is isomeric with cinchonine and cinchonidine, and does not form a hydrate. 

Cinchonicine forms a slightly yellow viscous mass which may be drawn out into 
colourless threads. It melts to a mobile liquid at about 60°, becomes brown at about 80°, 
and at lOO'^ or above is converted into a dark-brown mass of the colour of quitioidinB. 
It dissolves easily in alcohol, ether, chloroform, acetofic, and benzene. ^ Its alcoholic 
solution has a bitter taste and strogg basic reaction, and ^utzalisos acids complstaly« 
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Oinchoiiicin6 is not coloured by chlorine nnd amnionift* Its hydrochloric acid in so- 
lution gives with chloride of lime or Labarraque^s reagent, a white flocculent precipi- 
tate not coloured by ammonia ; this reaction distinguishps it from cinchonine and cin- 
chonidine, which^give no precipitate with Labarraque’s solution. It is decomposed 
by heating with strong nitric acid, not perceptibly by aqueous sulphuric acid (1 : 4). 
Its solution in sulphuric acid reduces potassium permanganate at l^t as quickly as 
cinchonine ; the product of the reaction is not, however, cinchotenine, but a resinous 
substance probably identical with Marchand’s cinchonetine. 

Ginchonicine is more soluble in water than quinicine. Its aqueous solution reacts 
with soda and with ammonia in the same manner as quinicine. 

With phenol cinchonicine behaves liki cinchonine and quinidine, forming an oily 
compound easily soluble in water and imperfectly precipitated f]X»m the solution by 
phenol-water. 

Cinchonicine salts. The neutral oxalate crystallises from chloroform or from 
water in small delicate white prisms, often interlaced and bearing a strong resem- 
blance to fungus* threads (mycelia). It dissolves very easily in alcohol, boiling 
chloroform, and boiling water, sparingly in cold chloroform, and in 80 pts. of water 
at 60^. The hot aqueous solution remains supersaturated for a long time after cool- 
ing. It dissolves readily also in a mixture of alcohol and chloroform. It gives 
off part of its water of crystallisation at ordinary temperatures in the exsiccator, 
and the rest at 100®, the total quantity given off agreeing with the formula 
2C*®H**N*O.C*H*0* + 4H*0. According to Howard it contains TH^O, but Hesse has 
found 4 mols. water also in a specimen of the salt prepared by Howard. 

The hydTvodidCy G”H‘'*^N*O.HI, obtained by precipitating a solution of the oxalate 
with potassium iodide, separates as a white anhydrous crystalline powder, afterwards 
turning yellow, and consisting of short thick prisms, moderately soluble in cold, easily 
in hot water, very easily in boiling alcohol, and separating therefrom on cooling in 
fineprisms ; very sparingly soluble in solution of potassium iodide. 

'plaiinocrdoridCi 3C**H‘^*N“O.HCl.2PtCl* + 4H'*0, separates on adding platinic 
chloride to a cold slightly acid solution of cinchonicine hydrocliloride, as a white pre- 
cipitate which gradually changes to a light yellow crystalline powder. In a warm 
soltU^on platinic chloride first produced a milky turbidity, followed by separation of 
the platinum salt in flocks. The autochloride separates as a yellow oily precipitate 
from a mixture of the hydrochloridq with auric chloride. The mercurochloride is also 
an oily precipitate, soluble in hydrochloric acid and in water, but apparently uncrys- 
talli sable. 

Thiocyanate . — Potassium thiocyanate, added to cinchonicine hydrochloride, pro- 
duces only a milky turbidity which disappears on further addition of the potassium 
thiocyanate. * « 

Behaviour of the Solutions of Cinchonioim and Quinicine to Polarised Light . — 
Cinchonicine and quinicine turn the plane of polarisation to the right, but less strongly 
than cinchonine and quinidine. Pasteur is of opinion that the last-named bases con- 
tain two opticJilly active atomic groups, one of which is feebly, the other atrouply 
dextrogyrate, and that in quinine and ciuchonidine the hitter group is replaced by 
another which is Isevogyrate. The first action of heat is to alter the relative positions 
of the atoms in these groups, in such a manner ds to render them optically inactive, 
in consoquonco of -which the newly-formed iqolecule turns the plane of polarisation 
only slightly to the right or to the loft. Howard {Chem. Soc. J. [2], xi. 1177) from 
a review of determinations made by Hesse and others, and from his own observations 
on the ethyl-derivatives of the several bftses, infers that 4he rotatory powers of quini- 
cine and cinchonicine are very nearly equal to the arithmetical means of the rotatory 
powers of quinine and quinidine, and of cinchonine and ciuchonidine respectively. 
To test the validity of this view, Hesse {Liebig's AnhoXen^ clxxviii. 260) has made a 
number of observations on the rotatory power of the several bases, the results of 
which are given in the folio-wing table. The temperature of experiment was in all 
cases 16® C. ; the angles of rotation relate to the Fraunhofer line I) : — 

+ 21*83® 

- 

■f 322 68®]^*®®®” ” +21*88 

32*52® 

+ 258*78® > 

- 1 75*38® 

From these reeuUs it appears that the achml rotatory powers of quinicine and 
cinchonicine differ considerably frt)m the aritliineticul means of tbi>so of the original 
substances. 


Qumicino 

Quinine 

Quinidine 

Cinchonicine 

Cinchonine 

Cinehonidine 
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Ac 0 tjfl^inehonicine, C**H**(C*H*0)N*0, formedt like the cotreepcmding qiiliii- 
cine compound (p. 495), by heating cinchonine or cinchonidine with acetic anhydride, 
is obtunable only as a variiisl% and does no^forn^ cx^stalline salts. By saponifica- 
tion it yields cinchonicine somewhat impure, but having the rotatorj^ power of the 
ordinary base. 

HoMOpiMCuaMiMB Grout. 

e« C**H**N*0, die * cinchonidine * of Koch (Pharmac. Posf,x, 207 
ri877]). is one of the constituents of the bark of Cinchona rosuienta. It crystallises 
from alcohol in large prisms and small plgtes. Lsevo-rotatory. A solution of 
2 grams in 100 c.c. of 97 per cent, alcohol at 15®, gives the value — 

(a)^ 109-34«. 

The hydrochloride is C**H«N^0.HC1.H‘0, and the sulphate (C'»H«N*0)*.H*«0«.6H»0. 
This alkaloid has been mistaken for aricine, owing to the circumstauce that its sul- 
phate, under certain conditions, separates as an amorphous mass, instead of forming 
slender needles. 

HomochtcfiOHicinef is derived from homocinchonidine, just as cinchoni- 

cine and quiuicine are derived from their respective isomoridcs, by beatiim the sul- 
phates, &c. Amorphous, but forms a crystalline oxalate, (C‘•H.‘"N■'0)*.C'‘*BTO^4H*0, 
remarkably like that of cinchonicine. 

Dihomocinchonicine (Hesse’s dihomocinchonine), C*"H**N<0*, accompanies the 
homocinchonine alkaloids in C. romlenta. Strongly dextro-rotatory. Amorphous ; 
yields only amorphous salts (Hease). 

Quinimu Group. 

QnlnlnOv Ph^Bical properties of Quinine and its salts. — The solu- 

bility of quinine in water is 1 m 2024 pts. at 16^; in absolute alcohol, 1 iu 1*133 
pts. at 16°; in chloroform, I in 1-920 pts. at 16°; and in pure ether, 1 iu 22*632 
pts. at 16°. 

The solubility of quinine tannate in water 15° is less than 1 in 20,000 pts. 

The fluorescent properti.?s of quinine sulphate become 26 times more markea'ln 
presence of excess of suipharic acid. Owing to this increased fluorescence, it is pos 
sible to recognise the presence of quinine in a solution containing weight 

of the alkaloid. This t4»Kt surpasses tliat of turbidity causo^l by Nessler’s reagent, 
in the proportion of 6 : 4 ; the latter test, moreover, gives no indication of the nature 
of the alkaloid (J. Reguauld, </. Pharm. Chim. [4|, xxi. 8). See also Prescott, Pharm. 
J. Trans. [3], viii. 407 ; Chem. Hoc. J. 1877, ii. 933). 

According to Hesse Chrm. Ges. Per. x. 2162), crystallised aDhy<Vrous quinine 

melts at 177°, and dissolves in 19*60 pts. water at 16° ; the trihydraie melts at 67° 
and dissolves in 1670 pts. water at 16°. 

JOeazotisation . — According to J. D. Boeke {JJetd. Chem. Ges, Per. vi. 488), quinine 
distilled with zinc and zinc-sodium yields a distillate free from nitrogen and smelling 
like cumin oil, and a residue containing sodium cyanide. 

Reaction with Hydrochloric acid, — Quinine heated to 140°- 1, 60° for several 
hours with very concentrated hydrocnloric a^id, is decomposed in the same manner 
as cinchonine (p. 482), a solution being formed which, when evaporated, yields a 
beautifully ci^stalline compmnd, C*H**C1N*0.2HC1.H“0, the hydrochloride of 
chloroquinide. Its solution is not fluorescent, and is not coloured green by 
chlorine- water and ammonia, a * 

Only one of the two oxygen-atoms of quinine can be removed by this reaction, and 
this renders it prr>1>aMe that quinine contains only one hydroxyl -group. It is therefore 
impossible to obtain a base identical with quinine by the action of alcoholic potash on 
monochlorocinchonine. The ox^cinchonino obtained by this process is, in fact, 
isomeric, not identical with quinine (W. Zorn, J. pr, Chem. [2], viii. 270). 

•wlpliatM* According to A. J. Cownley (Pharm. J. Trans. [3], vii. 189), 
perfectly uneffloresced neutral quinine »<uiphate lias the composition 
(C®*H**N*0*)*.H*SO< + 7 JH’O, and gives off the % bole of its water at 100°, but re- 
covers 2 mol. on exposure to the air. The effloresi^ salt also contains 2H^O.. 
According to Hesse {toe, cit.\ the neutral saltecrystallises with 8H*0, tb% acid salt, 
C»H»*N»0* H*SO*, with 7H*0. 

Farlodldeti* A solution of acid quinine sulphate mixed with a solution of 
iodine in potassium iodide, yields a kermes-brown precipitate consisting of a di- 
iodide, C**fl**N*C>*.HI*, which crystallises frono ali^hiA in bronze-colour^ laminae, 
is decomposed by water, dissolvee in nitric acid with transient red colour, and is 
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soluble in potassium iodide solution, ether, chloroform, and bensene. Jtf alcoholic 
Bolutioas are used, another di-iodide is obtained, soluble in water, but insoluble in 
benzene and in chloroform. Thecpeuftodide, C''“]^*N'‘K)*.HP, is produced when a 
solution of thi di-iodide is |pijccd with excess of iodine, and separates in nearly black 
prisms, contaminated with a resinous body which cannot be completely removed. 
"When 2 pts. of quinine are •triturated with 1 pt. of iodine, the product treated with 
slcohgl, and the solution left to evaporate; there(4s obtained a brown resinous pro- 
duct insoluble in alcohol, and consisting, not of as stated by 

Pelletier, but of together with a compound, which is 

soluble in alcohol, and is separated therefrom by water as a yellow amorphous preci- 
pitate (H. R. Bauer, ArcA. PAarm. [3]fv. 214; Jahrb. f. Chem. 1874, 860). 

Sulpliatoperlodldea (Jorgensen, J. pr, Chem, [2], xiv. 213). Quinine forms 
many compounds similar to herapathite, and they may be divided into two series. 
One, to which herapathite proper belongs, contains 3 mols. of sulphuric acid to 4 of 
quiuine ; the other, 1 mol. of acid to 2 of quinine. The first series consists of toler- 
ably stable compounds, while the salts of the other series are prone to decomposition, 
with formation of compounds belonging to the first series. 

(1.) Herapathite^ 40*®H*<N^02 3BH*0^.2HI.P + xH*0, is best prei»red by dissolv- 
ing neutral quinine sulphate in the calculated quantity of sulphuric acid, warming 
with alcohol up to boiling, mixing with the calculated quantity of hydriodic acid and 
iodine, the first in aqueous, the second in jilcoholic solution, and allowing the whole 
to cool slowly. It contains unaltered quinine, and one-third of the iodine is present 
as hydriodic acid. 

(2.) 8C"1P^N*0'-*.6H^S0*.4HI.1'®. — There are several methods of obtaining this 
compound. One is to dissolve one molecule of neutral quinine sulphate with two 
molecules of sulphuric acid in alcohol, and to add to the solution heated to boiling 
one atom of iodine dissolved in alcohol. The crystals of this salt have a metallic 
lustre, and are of an olivo-grcy colour, between the grass-green of herapathite and 
the bronze-yellow of the next compound. They are more soluble in warm than in 
cold alcohol, but not so soluble as herapathite. 

(3.) 4C=^H‘^*NW.3H*S0^2HI.I® A- 2H*0 maybe formed by addition of 1 pt. of 
iodine to 3^ pts. of herapathite in alcoholic solution. It crystallises in long flat 
needles or in plates of the same form as henipathite. It is of a bronze-yellow colour, 
and is loss soluble than herapnthVt^ in hot alcohol. On recrystallisation it is decom- 
posed into iodine and the previous compound. 

(4.) 8C»®H«NW.6H*S0^4HI.I‘^ + 4H*0.— Formed in the attempt to produce the 
7th compound (see below) from the calculated quantities of quinine sulphate, 
hydriodic qcid, and iodino. Bronze-yellow brow^nish needles with flue metallic lustre. 
It is isomorphous with the previous compound. 

(6.)^ 2C*®I1**N''0=.H*S0*.2HI,I*. — Obtained by mixing an almost cold solution of 
1 mol. of neutral quinine sulphate in alcohol, with two atoms of iodine dissolved in 
hot alcohol, and allowing the iflixture to stand for two hours. It consists of 
long, rod, brilliant needles, which in air become changed into a black glassy 
mass. 

(6.) 2C^®H®*N®0*.H*S0\2HI.I^ — The calculated quantities of neutral quinine snl- 
phate, hydrioifle acid and iodine are <lis3olveil in hot alcohol, and the solution is mixed 
with so much hydriodic acid that nothing' crystallises out on cooling. On cautious 
addition of water, olive-green laminae separate. This compound is more soluble in 
hot t han in Jold alcohol, but cannot be crystallised from this solvent. Herapathite is 
deposited on cooling. , * 

(7.) H^0^2HI,I® may be obbiined in several ways — for instance, 

by mixing a hot alcoholic solution of herapathite* w ith a large quantity of solution of 
iodine, diluting somewhat with water, and allowing the mixture to stand. This com- 
pound forms brilliant black needles and laminee with a greenish reflection. If washed 
with too .strong a solution of alcohol, the crysbils resemble potassium permanganate 
in appearance. They cannot be reciystallised, for although they dissolve slowly in 
aleokol, another compound, not yet accurately oxamint^, separates on cooling. 

In addition to the two classes of salts above describe — 

• 4C»H«N*0*.3H^0<.2HI.1« 

20H*^*0».H«0'.2H1.I% 

a third seems to exist, of the composition 3C®®H’^*N*0*.2H*S0®.2HI.I“. The salts 
of this series have not yet been examined with sufficient accuracy to settle their 
formulsB with certainty, buWthe results hitherto obtained are as follows ; — 

(a.) 30®*H**N-0* 211®SO*.2HI.P (?). — ^This compound ooosists of groups of flne 
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needles which are blue bj transmitted light when in thin layers. It is obtained 
during the recrystallisation of the next substance. 

(ft) 3C”H“N>0*,3H«0<.2H!I.I* H>0 (?).— CodAsI* of olive-gMy Imins, which 
separate fh>m a hot alcoholic solution of acid sulphate of ^inine on addition of vary- 
ing quantities of solution of iodine. • 

(7). 3C*®H*^NW.2H*SO<.2HI,I*' (?).~OI)tained only once in a pure state from one 
molecule of neutral sulphate of quinine, 2 iiiols. of normal sulphuric acid, and 200 c.c. 
of an old solution of iodine contaiuiag 16 8 grams of &ce iodine. All attempts to 
reproduce this body with a freshly prepared solution of iodine failed. It consists of 
olive-green needles with metallic lustre, whielT polarise light in exactly the opposite 
direction to herapathite. 

SunPHATa-PXRioDiDKs OP Mbthvl-quikikk. — ( 1). 2C**If**N®0*(CH*)I.H®S0M^ 
This compound is obtained by slowly cooling a mixture of the tliooretical quantities of 
methyl-quinine iodide and sulphuric acid, with about four-flftka of the calculated 
quantity of iodine in alcoholic solution at a temperature of about 00^. It consists of 
i^dish-brown needles, often several centimeters long, which are easily soluble in 
hot alcohol. 

(2.) 2C»H<'N-0*(CH»)I.H*S0«.I«.— Most easily prepared by slowly cooling a 
mixture of methyl-quinine iodide, sulphuric acid, and iodine (in the calculated quan- 
tities) from a hot alcoholic solntioti. It ixmsists of very fine brilliant brown laniin», 
soluble with difilculty even in hot alcohol. 

(3.) 4C“*H**N*0*(CH*)I.2H'‘'S0 — Prepared by warming an alcoholic solution 
of No. 1 to 60^, and adding an alcoholic solution of i'our atoms of iodine of the same 
temperature. It c^^nsists of brilliant, almost block laminse, which must be filtered off 
from the still warm solution and washed with alcohol at about 60’’. The temperature 
must be kept down, or else the prodnet consists clnefiy of No. 2. It dissolves with 
difficulty in hot alcohol. 

(4.) 4C”H**N*0*(CH*)L2H'-'SOM**. — Obtained by mixing a hot alcoholic solution 
of No. 1 with a largo excess of a cold solution of iodine. It consists of long, thin, 
almost black needles, with a greenish metallic lustre. The crystals dissolve with 
difficulty in hot alcohol. 

Compounds containing 4 luols. of niethyl-quinin* to 3 of sulphuric ac'id have not 
been obtained. 

SuLPiiAToPKRioDiDK OF Qi iNiNK-MKrifYi.QUiNiNig. — An attempt was made to prepare 
horapatbito with methyl-quinine hydriotiido in phico of hydriudic acid, by mixing the 
calculated quantities of niothyl-quiiiino iodide, quinine sulpbuto, and iodise, in hut 
alcoholic solution. The result was a compound of herapathite with No. i sulphato- 
periodido of methyl-quinine, and winter. This l>ody crystalluais in dark cliocolate- 
brown masses, wliich appear under the microscope as carmine-red intertwined hairs. 
The water is given off at 100^. The compound dUsolves with some difflcidty in hot 
alcohol. 

Tbiooyaiiatea. Quinine treated with thiocyanic acid, forms a neutral and an 
acid salt, the former being white, the latter yellow’ (v. 23). The neulral fialt, 
Cr'*H^*N*0*.HCNS + II*0, is also formed wlieh a warm moderately strong aqueous 
solution of quinine hydrochloride is mixed with potassium thiocyanate, and separates 
on cooling in slender white needles. It dissolves easily in a mixture of 2 vol- chloro- 
form and 1 vol. absolute alcohol^ and exhibits imthis solution a specific rotatory power 
(o)p - — 129*31. It is completely precipitated from its aqueous solution by small 
quantities of potassium thiocyanate. When a very laige quantity of potassium thio- 
cyanate is added to an aqneous sclution of a neutral quinine salt, the quinine thio- 
cyanate separates at first as an oil which afterwards solidifies ; but on dissolving the 
mass in hot water, the salt separates on cooling in white needle-shaped crystals. The 
aqueous solution of the thiocyanate mixed with aqueous phenol, becomes turbid, anil 
gradually deposits dull white prisms of a eompoum of phenol and quinine thiocyanate 
(Hesse, Annalen, clxgg^. 46). 

On the microscopical appearance of this salt doling its formation, see p. 476. 

The acid »alt, 0"H*«N*0*.2HCN8 + }H*0. separates, on adding dilute sulphuric 
acid and potassium thiocyanate to a solution of t^e neutral salt, in long sulpnur-yellow 
needles vAiich gradually change to short compact prisms. At 100® the crystals be- 
come opaque, and give off (lom 1*2 to 1*6 per cent, water of crystallisation (Hesse, 
loc, cit.) 

ICaeosiate. Obtained, on mixing the alcoholic eoluftons of quinine and meeonie 
acid, as a white fiooculent precipitate tolnble in hot water, and separating on eooliqg 
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in fine crystals having the composition (P. T. Austen, Pharm, J. 

rraws. [3], iii. 1016). ^ 

SaUoylat^ C“H*^N*0* C’H«0*. — l^arates on adding a solution of quinine hydro- 
chloride in cold water, to ammonium salicylate as a curay precipitate, which crystal- 
lises from alcohol in concentric groups of anhydrous prisms (Jobst). 

' Vlioiiate» C®®H®^N*0®.C®H®0. Separates fro^ water and from alcohol in delicate 
needle-shaped crystals (Jobst, N. Rep, Pharm, zxiy. 193). 

Compoonds of Pbenol witli Ifentral Quinine Salts (Jobst a. Hesse, 
lAebiff^a AnnaUn^ clxxx. 248). 1. With the neutral sulphate, 

2C2»H2*N®0*.SO*.0®H®0 + 2H*0. This compound, which may be regarded as pkenoU 
sulphate of quinine, is formed by mixing a hot aqueous solution of the sulphate with 
an equivalent quantity of phenol, and separates in crystals on cooling ; also by dis- 
solving quinine sulphate in a hot alcoholic solution of phenol. It may be purified by 
one crystallisation from hot alcohol, and then forms white shining prisms, easily 
soluble in boiling water and alcohol, soluble at 15° in 680 pts. of water, and 74 pts. 
of 80 per cent, alcohol. Ether and pure chloroform dissolve only traces of it, but a 
mixture of 2 vol. chloroform and 1 vol. absolute alcohol dissolves it readily. In the 
latter solution at 15°, its specific rotatory power is ^ 158*83. 

Quinine phenolsulphate gives with feme chloride in ^ueous or alcoholic solution, 
a yellowish coloration ; with moderately strong nitric acid a brown-red solution, from 
which, after dilution with water, ammonia added in excess throws down a yellow pre- 
cipitate. At 100° it gives off nothing but water of crystallisation, but at 130° and 
above, small quantities of phenol are given off, and the compound undergoes further 
decomposition. 

2. With the hydrochloride, 2(C2®H2^N*0®.HC1).C«H«0 + 2H*0.— This com- 
pound, which may be culled phenol-hydtochloTide of quinine, crystallises on cooling 
from a hot aqueous solution of quinine hydrochloride mixed -with phenol, in white 
prisms, which may be completely purified by onco recrystallising them from boiling 
water. It dissolves easily in hot water and in alcohol, in 101 pts. water at 15°, in 4 
pts. alcohol of 80 v. per «?ent. ; other dissolves only traces of it. In its solution in 
jj^lcohol of 97 vol. per cent, at 16°, its specific rotatory power is (a) „ « 140*45°. 

This salt has a V)itter taste, not much like that of phenol. Both acids and bases 
set the phenol free. It gives a brownish-yellow colour with ferric chloride. 
It gives off its water of crystallisation at 100°, and phenol with partial fusion at 
120 °. 

The same compound is formed by decomposing the phenolsulphate of quinine 
with barium chloride, and in a similar manner other salts may be formed, e.g. the 
phenol^hy^robromidc, which crystallises in white prisms. 

Quint dine or Con obi nine, C“H=^N-0-, crystallises from alcohol in prisms 
with' 2 ; from ether in rhombohtHlrons with ; from boiling water in thin 

plates* containing 1^H*0 ; neither of the last two kinds of crystals eifioresce in the 
air (Hesse). Quimdino treated 'with strong hydrochloric acid in the manner de- 
scribed for cinchonine and quinine, yields a similar chlorinated product, which sepa- 
rates from the contents of the tube diluted w'ith half their bulk of water, in largo 
shilling prisms resembling chloride of cinchonj;<dine, but differing from that compound 
by giving a green colour with chlorine-water and ammonia. Ammonia added to the 
aqueous solution, throws down the chloruiated base. Its composition could not bo 
exactly dotormined, but it appears to have the composition, C-^H^N'-^OCl + HCl, the 
base 'being ''formed, as in the caso^ of the corresponding cinchonine and quinine- 
derivatives, by the substitution of 1 at. Cl for IHO in quinidinc (Zorn, J. pr. Chem. 
[2], viii. 279). 

Qulnldlne Sulpbute* The purity of this salt may be tested by adding 1 pt of 
potassium iodide to 1 pt. of the sulphate dissolved in 20 pts. of water at 60°, and 
filtering from the precipit^ite after the lapse of an hour. The clear solution thus 
obtained should give no turbidity with ammonia, as this would indicate the presence 
of quinine, cinchonine or cinchonidine. Another mode of testing is to add 6 pts. of 
BociieUe salt to 1 pt- of the sulphate dissolved in 80 pts. of water at 60° ; if a preci- 
pita^i^bo thereby formed, the presence of quinine or cinchonidine may be inferr^. If 
ammonia be then added to the filtrate, a precipitate of quinidine hydriodide will be 
formed, 4nd the filtrate from this may be tested with ammonia for cinchonine as above. 
The presence of calcium or sodium salts may be detected by treating the salt with a 
mixture of 2 vol. chloroform and 1 vol. alcohol of 97 per cent., which will dissolve 
the quinidine salt, and leave the inoiganic salts undissolvcd (Hesse, Liebifs AnriaUn, 
clxxvi. 326). 

Neutral quinidine sulphate crystallises with 2H»0, the acid sulphate with 4H*0 ; 
the hyJi*ochlorid© with lH“0 (Hesse). 
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VlitoojmmtaB. Tke neutral ealt, C^H*^N*0*.HONS, 8epai»tM on adding 
potassium thiocyanate to the ooncentzated solutipn of an easily soluble neutial quinidine 
salt, as an oily precipitate quickly converted inAsmeil ciy stale. From ynm and some* 
what dilute solutions on the other hand, the salt immediately separatra in the form 
of a white crystalline powder, and from Ytry dilute solutions in distinct prisms. It . 
is anhydrous, dissolves in 1477 pis. of water at 20®, rather sparingly also iu boilii^ 
water, from which it separates on (poling iu small prisms. F^m boiling alcohol, in 
which it is very slightly soluble, it crystallises on cooling in large white f^risms 
(Hesse, lAebi^e AnfudeUy clxxxi. 51). 

On the microscopical characters of this salt, see p. 476. 

The acid salt, Cr»H»«N=Oa.2HCNS + H=0, Unformed by dissolving the neutral salt, 
together with potassium thiocyanate, in warm dilute sulphuric acid, and separates on 
cooling in long sulphur-yellow many-faced prisms, which gradually change to shorter 
prisms of the same colour. These crystals dissolve partially in toiling water, while 
the undissolved portion melts. The aqueous solution then becomes milky on cooling, 
and exhibits a strong acid reaction, but no fluorescence (Hesse). 

Pbenol*compotinda. Quinidine salts, like those of quinine, unite with phenol, 
but tlie resulting compounds are amorphous, oily, and easily soluble in cold water. 
They are precipitated from their aqueous solutions by an excess of phenol-water 
(Hesse). 

8ulpliatoperiodid0« (Jorgensen, J. pr. Chem, [2], xiv. 356). 
2C-*“H‘‘^N*O^.H=.SO*.2HI.I*, prepared by dissolving ouinidino in the calculated 
quantity of strong sulphuric acid and hot alcohol, and adding the calculated quantity 
of hydriodic acid, and a little less tlian the required quantity of iodine in hot alcoholic 
solution, crystallises in red needles w*ith a bluish lustre, which scarcely absorb 
polarised light, and are very brilliant. After being heated to 100“ they decrepitate 
strongly on cooling, showing that they are anhydrous. 

3C^oir'*X^O’^.3H^0^2ni.I* is best obtained by dissolving 35 grams of quinidine 
(containing 8-10 per cent, water) in 25 c.c. dilute sulphuric acid (17 per cent. SO*), 
and 60 c.c. alcohol (92 per c^nt.), and adding 2 grams of iodine dissolved iu 60 c.c. 6f 
the same spirit. The iodino-soUition must not be heated above 50®, and the acid 
liquid should not have a much higher temperat uro. This compound forms olive- 
l>rowii plates or flattened prisms. It undergoes a gradual spontaneous cliange, 
the amount of free iodine diminishing, though the total amount of that element re- 
nniin.H unaltered. It easily passes into the preceding compound. It dissolves in hot 
alcohol, and the .«iolution on cooling deposits a reddish-brown powder, together with 
shining brown prisms, v?ry miicli like the preceding sulphatoperiodide, b‘dt having a 
different composition. 

Bthyl-auiaidiam-oompotiiids* The iodidtr, C**H**N*O^C*H*I, is deposited in 
colourless silky needles, on mixing an alcoholic soliltiou of quinidine with ethyl>iodide 
and excess of ether. A solution of the nertiral chUrrids may bo obtained by digesting 
the iodide with silver chloride and water ; it is not precipitated by caustic soda or 
ammonia, or by alkaline carbonates. . It gives an orange-coloured precipitate with 
platinic chloride, yellow with gold chloridoj white with potassio-niercurio ioflide. 
The iri~\od\de^ furme*! on adding a solutiotf of potassium penodid© to a hot alcoholic 
solution of till* chloride, crystallises in long brown needles. 

The ftidphafo-perindide^ 2C^H*^N*0*.C*H*I.il*SOM*, is formed on iflixing 2 mol. 
ethyl'*quiiiidiiim iodide and 1 mill, sulphuric acid with hot alcohol of 93 per cent., and 
adding 4 mol. iodine dissolved in hot alcohol, and cryNtallises on cooling in dark 
bronim prisma having a metallic hibtre, and slightly soluble in hot alcohol. It does 
not colour chloroform, ether, or carton sulphide (Jorgensen). 

Qniiileliie* (Hesse, hiefn^s clxxviii. 244 ; Dsut. Chan. 

Gcb. Ber. x. 2152). 1. This base, isomeric with quinine and quinidine, is prepared 

by heating the finely pounded acid sulphate of (][uinine or quinidine to 135'^, the 
conversion of about 5 grams of the salt into the isomeric qninioine sulphate ^ing 

completed in a few minutes. For | — ^ -- 

either neutralised with ammonia, a~' 
after a few days, is recrystallised J 

monia, shaken up with ether, and the base thus liberated is converted into neutral 
oxalate, which is crystallised from boiling chlorofonn, and afterwards from alcohol of 
07 per cent. On again precipitating with ammonia, dipsolving the precipitate in 
e^er, washing the ethereal solution with water, and leainng the ether to evaporate, 
the quinicine remains as a slightly yellowish amorphous mass, which obstinatmy re- 

/ 

e 
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A fliM* and wftt6r. Whon dried at 62*^ under a pre eeure o£ 430 nuutf it gave by 
Bumbers a^rdeing exactly with the fonnula 

Qnihicine melts at about 60°^acqinring at the same time a red-brown colour ; at 
^0^-110° th& change of colour takes place more quickly, but still without loss of 
^ight: at 130^-140^ it assumes the appearance of quinoidine, exhibits red spots, 
and is then no longer easily* convertible into the crystallised oxalate. 

Ob the relations of quinicine to polarised light^see Oinchonicinb (p. 494). 

Quinicine tastes bitter; in alcoholic solutions it exhibits an alkaline reaction, and 
absorbs carbonic uuhydrido from the air ; its alcoholic solution is coloured green by 
chlorine- water and excess of ammonia, but less deeply than a similar solution of 
quinine or cinchonine. It is distinguisTi^ from these two bases by yielding in a dilute 
hydrochloric acid solution a white amorphous precipitate with sodium hypochlorite 
(Labarraque's solution) ; chloride of lime also yields a similar precipitate. If the 
solution be very acid, a precipitation takes place only after a portion of the acid has 
been neutralised by the reagent : ammonia then colours it yellowish-green. Reaction 
also takes place in cold nitric acid solution, but if the solution be warmed, red fhmes 
are given off, and no precipitation takes place. The sulphuric acid solution is yellow, 
and shows no fluorescence. 

Quinicine dissolves veiy easily in alcohol, chloroform, and ether, sparingly in 
water. If, therefore, an aqueous solution of a quinicine salt be mixed wi^ excess of 
ammonia or caustic soda, the alkaloid is precipitated, and collects as an oily mass at 
the bottom of the vessel. With ammonia, however, the precipitation is never com- 
plete, since the ammonia-salt formed at the same time exerts a solvent action on the 
separated alkaloid. The quinicine may in either case be dissolved out by ether. 
This reaction may bo employed to separate quinicine from quinoidine and its salts. 

With phenol quinicine reacts like quinidine, forming an oily compound easily solu- 
ble in cold water, and imperfectly precipitated from the solution by phenol- water. 

Quinicine salts for the most pi^ czystallise well, but are apt to turn yellow 
or reddish. 

The acid sulphate is obtained directly by the action of heat on the corresponding 
salt of quinine or quinidine, and ciystallises gradually froni the aqueous solution of 
tlv*« melted mass, in radiate groups oMong yellow prisms, very soluble in water. 

The nmtral mlphatet 2C"H*‘N®O^SH*0^ crystallises from alcohol of 97 per cent, 
in delicate reddish -yellow prisms,^ shrinkiiig up on drying in the air to an amorphous 
mass which yields a faintly reddish powder. It dissolves very easily in water and in 
boiling alcohol, and crystallises from the latter on cooling. Pure chloroform dissolves 
it but sparingly, oven at the boiling heat, but alcoholic chloroform dissolves it readily. 
Its aqueous solution is not precipitated by Rochelle salt. The salt crystallised from 
alcohol has the composition 20*H*‘*N*0®.SH®0* + , 3 11*0 ; the crystals which separate 
from alcoholic chloroform contain 8H*0, but they quickly lose a portion of their water 
on exposure to the air. 

The* nmtral oxalate, 20*®H*'‘N*O®.0®H*O* + 9H*0, crystallises from hot chloroform 
in Hiniill white prisms ; from a hot saturated alcoholic solution in long faintly yel- 
lowish, very light needles ; from water it appears to separate only in yellowish 
prisms. It dissolves easily in boiling, sparingly in cold water, e.g, in 257 pts. at 16^. 
Pure chloroform dissolves it very easily at tlie boiling heat, and deposits it almost 
completely on acooling. Alcoholic chlcaH>form 1(^2 vol. chloroform to 1 vol. of 90 per 
cent, alcohol) dissolves it easily even in tha cold. 

From whichever of these solutions the crystals may be obtained, they always con- 
tain 9H*0, a» previously found by Howard {2nd SuppL 345). The crystallisation of 
the salt from chloroform with so large* a quantity of waCier arises from the circumstance 
that in the anhydrous state it absorbs water very rapidly. It cakes together, and 
gives off its water of crystallisation at 95^, and-melts at about 149^ to a yellow- 
brown liquid which soon becomes dark brown. 

The hydriodide, obtained by decomposing the aqueous solution of the oxalate with 
potassium iodide, separates in crystals which may be purified by crystallisation from 
water. It then forms delicate yellowish needles having the oompositioD 
0*'H®*N®0®.H1 + H®0, easily soluble in water, alcohol, and chloroform, and melting 
below 100^ to a yellow-brown mass. 

The jtlaiinooAaride, C®®H®*N®0^.2HCl.PtCl^ + 2H®0, separates on mixing a slightly 
warmed ahd strongly acid solution the hydrochloride with platinio chloride, in 
nodular groups of small, dark, orange-yellow needles. Howard describes this salt as 
anhydrous (2iid 8uppl. 345) ; acco^ing to Hesse, the water of ciystallisation escapes 
very easily. 

The ouroeMoride is a y^ow flocculent precipitate^ which when heated partly melts 
and partly diseolves. The Aiercurochloride is obtained by double decompoeition as a 
yellowish-white flocculent precipitate, which dissolves easily in hydrochloric add, is 
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alightlf solable in cold, readily in hot water, and cryatalliBes from the latter eidtttioa 
on oooline in small pale yellow needles often united in warty groups. 

The tMocyanaiet C^H*^NH)MIGNS, isohtamed mixing a warma^eous solution 
of qninicine oxalate with potassium thiocyanate, and crysU^^itses in lon^ nearly white 
prisma, containing | mol. H^O. It dissolTes easily in chloroform and aloobm, wiw 
moderate facility in water, bnt is insoluble in potassium thiocyanate, so that quinicine 
is completely precipitated from its Aqueous solution by excess of the thioeyanate: in 
that case, however, the salt first separates as an oil, which afterwards solidifies (ttesse). 

Jkoetyl- 4 iadalolne» C^H’**(0*H*0)N*0*, is prepared by ’heating 1 part of quinine 
or quinidine with two parts of acetic aiihydrid^to gentle boiling for three hours, eva- 
porating over the water- bath, dissolving the residue in warm water, and fractionally 
precipitating with potash. The second fnwtion thus obtained dissolves readily in 
ether, and on evaporating the ether, the acetylated base remains as a clear unci^stal- 
lisable varnish which yields unciystallisable salts. It apmeeura to be somewhat deficient 
in power of combining with acids, not taking up a snmcient quantity of an acid to 
form a normal salt : thus a platinochlorido obtained by adding platiuic chloride to a 
solution of the base in a slight excess of hydrochloric acid, gave in two samples, 21*16 
and 18*28 per cent, platinum, whereas tha normal salt, C^H^C*H*0)NH)‘^.2flCl.PtGl^, 
requires 25 38, and the acid salt, 2(C“H“(C*IiH))N*0* U01).PtGi\ 17*44 per cent. 

By saponifying this acetylated base with alcoholic soda, a base is obtained agree- 
ing in composition and optical rotatory power with ordinary quiuicine, though some- 
what alter^ by the high temperature employed in the acetyhition process. 

Apodl^nititeliiw, C^H**N •O* « 2G*H*^N*0*— 11*0 (Hesse's dieonchinitu * ). This 
base constitutes the greater port of the amorphous base forming the quinoYdine of 
commerce (^v. 26) ; it is wholly amorphous, and forms only amoi^hous salts. It is 
fiuorescent in sulphuric acid solution, and, like quinine and quinidine, it gives a green 
coloration with cnlortne and excess of ammonia. Dextrorotatory. 

Quikaminb Group. 

amiaey C'*H**N*0* (formerly regarded by Hesse as G^®IP*N*0*), occurs in 
the bark of O, auccirubrat from Darjeeling, and other localities in British India and 
Java; in the * Oitwfuma rouge de of Delondre; in 6'. niiida^ C, erythrantnra, 

G. erythtodjemna^ C. romdeiaa^ C. calisaya, var. Schuhkrafifi, and 0. Ceuisaya, De 
Yrij found it only in the cinchona bark from Britislf Sikhim, not in other red Indian 
barks {Pharm, J. Trane. (3], iv. 609). It is difficult to separate from the amorphous 
alkaloids, bnt the separation may be effected by means of potasHium thiocyanate added 
to the solution of the mixed bases in acetic acid until the liquid is almost decolorised, 
when most of the amorphous bases are precipitated, with but little quinomine; on 
treating the residue left by the evaporation of the ethereal extract with afomonia and 
ether, and dissolving in alcohol, a liquid is obtained, foom which quinamine crystallises 
on standing. It molts at 172^’ (Hesse). 

Quinidamine (Hesse's conquinamine) accompanies quinamine in 0, euccirvhra and 
romlentn barks ; crystallises in long shining prisms, melting at 123^. Dextro-ro- 
tatory. A solution of 1-8 gmms in 100 c.c. of 97 per cent, alcohol gives at 15^ the 
value [a]n» + 200. Precipitated by platinic chloride only in concentrated solutions ; 
the gold salt soon decomposes ; the byuriodida crystallises in fine prismijt. 

Quinamidine and Quinamicine arc two amorphous bases isomeric with quinamine, 
formed by heating quinamine with dilute sulphuric acid. The hydrochlorides are 
ciystalline. 

By continuing the action ofasulphuric acid 120^-130^, a brownish, non-crjstal- 
line base is formed, precipitable by sodium carbonate and insoluble in ether. To this 
base, called Prof e-quinamicine, Hesiie assigns the formula C'^11* N*0*. 

Apo^uinamine, C**H*^*0, isoifieric with homo-ciochonine, is prepared by boiling 
quinamine or quinamidine for a short time with hydrochloric acid. It is white, 
amorphous, easily soluble in ether, alcohol, and dilute hydrochloric acid, precipitated 
from the last solntion by strong hydrochloric or by nitric acid. The hydrochloride, 
aurochloride and platinicbloride are amorphous. 

Alkaloids not inclodrd in the Prrcrdino n roups. 

and Artotae, G»H>*H*0« (liesse, IMAsfe AtmaUn, clsixv. 296). 
These bases are obtained from a Cusco cinchona-bark, ajmrently identical with that 
examined by Liverkohn {Bep, Pkarm. xxjdii. 357)^^ho found it to contain aricine. 

• The neme * apodlgnlnkliie* is snmsted bjr Wrigbt iChem. Boe. J. zxziv. 485), on the ground 
that the beee in question resembles qnhuisine more nearly than qufpldlne. The preflx ' epo ' b need 
generally to denote the fnnnation of comp ou nds by elimination of water (Irf OuppL 589; tnd 
Smfpl, 929). 
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Thi« bavk givoB off brown yaponrs when heated, and yields at last a brawn tar, 
tUiveby differing from barks containii^ quinine or isomeric alkaloids, all of which 
give off red vapours when heated. ,, Bernes aricine ai|i cusconine it contains a small 
quantity of an*amorphouH alkaloid, which Hesse believes to be derived from the other 
tWa* These bases do not exist in the bark in the free state, since they cannot be 
extracted by chloroform. They were isolated in the following manner :~-^An alcoholic 
extract of the comminuted bark was supersatt^ated with soda and shaken with ether ; 
and thcwothereal liquid was agitated with acetic acid, which took up the greater part 
of the alkaloids. The acetic solution was partially neutralised with ammonia, which 
threw down aricine acetate, and the filtrate from this substance was then mixed with 
a strong solution of ammonium sulphate, whereupon the cusconine was precipitated as 
sulphate. The mother- liquor contained the amorphous alkaloid, which has not been 
further examined. The percentage of alkaloids contained in the bark was about 0*62 
of aricine, 0*03 of cusconine, and 0*16 of amorphous substance. 

CuscoNiiTB is thrown down from the sulphate by ammonia as an amorphous pre- 
cipitate, crystallising from ether in white laminae, and from- alcohol or acetone in 
larger crystals. It dissolves in 36 times its weight of ether, more easily in alcohol 
and acetone, and very freely in chloroform, but is nearly insoluble in water. Strong 
nitric and sulphuric acids dissolve it with greenish coloration. A little cusconine 
added to a warm solution of am'inanium molybdate in strong sulphuric acid colours it 
a dark blue, changing to olive-green when heated, and again turning blue as the liquid 
cools. This reaction is characteristic of cusconine and aricine. Cusconine rotates a 
ray of polarised light to the left ; in the ethereal solution (a)^ — — 27®. The formula 
of the crystallised substance is + 2H*0, the water being given off at 80®. 

The anhydrous alkaloid melts at 1 1 0®. It is a weak base, forming salts which have a 
more or less acid reaction. The following have been prepared : — 

Neutral sulphate, 2C“H“N*0*.SO*H*. Crystallises from alcohol in laminse. The 
acid sulphate is gelatinous and uncrystallisable. 

Hydrochloride. — Not crystal! isable- Forma with mercuric chloride a white pulve- 
rulent precipitate. 

Platinochloride, 2(C®*H®*N®0*.HCi) + PtCP + 6H*0. — Amorphous, flocculent, dark- 
yellow precipitate. 

Aurochloride. — Dirty -yellow aitmorphous flocculent precipitate, decomposing when 
warmed. 

Hydrobromide. — Colourless ; amorphous ; soluble in water, from which it is pre- 
cipitated by potassium bromide. 

Hydriodide. — Pale-yellow amorphoua precipitate, freely soluble in water, but 
spaimigly soluble in solution of potassium itKlide. 

Thiocyanate, C”H*®N®0*.CNSH + 2H’‘0. — Pale yellow amorphous powder. 

Themitrate, acetate, citrate, tartrate, oxalate, thiosidphate, and s^icylate are all 
gelatinous and non-crystallisable. 

Aricinb is obtained in the free state by decomposing the acetate with soda. It 
crystallises in white prisms, which dissolve very easily in chloroform, and less freely 
in ether and alcohol, but not in water. It melts at 188®, and decomposes at higher 
tomperatures. ^ With strong nitric and wilphuric acids it behaves in the same manner 
as cnsconine. Its taste is slightly astringent, not Ijitter. In alcoholic or ethereal 
solution it rotates a ray of polarised light to the left. Analyses of aricine lend to the 
formula which is the same as that of anhydrous cusconine. The neutral 

salts have a more or less acid reaction, and are partially decomposed by water. 
Their solutions turn yellow after a time, th^ alkaloid becoming converts into a coloured 
amorphous substance. • 

The hydrochloride, C“H**N*O^HCl + H*0, separates from its aqueous solution, on 
evaporation, in the form of a jelly, which afterwards crystallises. 

The plafi nochloride, 2(C®*H*^®O^HCl)PtOP -h 6H*0, is an amorphous, orange- 
coloured precipitate, sparingly soluble in water. 

The aurochloride is a dirty -yellow amorphous precipitate, easily decomposed. 

The msctral sulphate, 2C“H**N*O^SO*H*, is precipitated as a white gelatinous 
mass, made up of dmicato needles. " 

The acSd sulphate is thrown down Jn small white prisms on adding sulphuric acid 
to a solution of the hydrochloride. 

The neutral oxalate is a granulas. white crystalline powder. 

The acid oxalate, <y*H**N*Q*.OI®*0* + H*0. is precipitated by oxalic acid from a 
solution of the hydrochloride. It crystallises in pnsms, which soon change to rhom- 
bohedrons. The salt requires for solution 2026 parts of water at 18®, and hence 
aflbxds a means of separjiting aricine from cusconine. 
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The niiraU^ C^H**N*0*.NO'H, is precipitated bj nitric acid from a wann, solntion 
of the hydrochloride. It forms driieate wmte prisms, easily soluble in alcohol. 

The kydrobromide is a uiiite amorphols posrder. The kydrio^ide forms small 
white prisms. ^ • 

The ihiocyanate^ C**H**N*O^CNSH, ciystallises in small white prisms. 

The Mlicytate^ C**H**N*0*.C’H*0* + 2H*0, is a paid yellow pulverulent precipitate, 
sparingly soluble in water, easily 'in alcohol. 

Th^aaUate, C**H“N®0*.C*H«0* + 3H»0, is obtained by precipitating h:^ro-- 
chloride either with sodium acetate or with acetic acid, a reaction which distinguishes 
aricine from all other alkaloids. It forms white granular cjystals. very sparingly 
soluble in cold wrater. At 100^ the acid is e^poUed, IcMving the free alkaloid. 

The acid cUrate and the neutral tartrate are both crystalline salts. 

Aricine, formerly regarded by Hesse as identical with cinchonidine(jWcAf^’s Annalen, 
clxu. 53). was first obtained in 1829 by Pelletier a. Qorriol (i. 357) from certain barks 
which are now very scarce. From one of these. CincMna wlUteratM, it has also been 
prepared by D. Howard- (CAcm. Soc. </. 1875. 300). whose description of its properties 
agrees in the main with that of Hesse a^ve given. The specific rotatory power of 
the base in alcoholic solution ho finds to be equal to —63® for the yellow my. 

Cusconidine is an amorphous alkaloid accompanying cusconine. 

Paricinef C'*H’*N*0, is an amorphous luise. forming amorphous salts, which occurs, 
together with quinaroino. in C\ etu'ciruhra bark from Harjcelhig. On keeping, it 
becomes less readily soluble in other (2?i</ SuppL 347). 

Paytine^ Cr‘ll®"N*0-H*0, occurring in white cinchoua-bark from Payta in Peru, 
crystallises in fine prisms ; hevorotatory (for. cit^) 

Pay t amine is an amorphous alkaloid accompanying paytine. 

Javanine, from C. Caliaaya, var, Javaniea, crystallises from water in rhombic 
plates, dissolves very readily in ether, but docs not separate from the solution in the 
crystalline form on evaporation. It forms an oxalate crystallising in laminae, and 
<li8Solves gradually in sulphuric acid with deep yellow colour. 

Young Galisaya bark from Bolivia contains a fluid alkaloid, which makes spr':? on 
paper, haks a pungent odour like that of chinoline, and is probably volatile (Hesse). 

OXnrAlMiairs* C«H« C«H«— CH:rrCU* Ethenyl hmtene, VinyVhenume, 
PhenyUethylene^ Styrolene^ Sfyrol. This hydrochrbon is formed, together with other 
products, by heating phenyl -bromethyl, C*H* — CHBr — CH*, with an alcoholic solution 
of potassium cyanide, part of it being obtained in the liquid, partly in tlio aolid 
modification (mota-cinnamone' — also together with acetic acid, by fractional distilla- 
tiou of secondary phenyl>ethyL acetate : • 

C«H»— CH(0C»H*0)— CH» - C*H*— CH=rCH» + HO.C*H»0 

(Radzissewski, Deut, Chem, Gee. Per. rii. 140). 

Cinnamene (styrolene) from storax has hitherto been supposed to be optically 
active, exerting a Isevogyrate power of 3® in a column 100 mm. long, whorens cinna* 
mene from cinnamic acid is inactive (Isf Swppl. 465). According to I’au't Hoff, how* 
ever {Butl. Soc. Chim. [2), xxv. 17 cinnamene from storax is likewise inactive, the 
rotatory power obsen’ed in it by Ikrtbelot having been due to the presence of a small 
quantity of a strongly lasvogyrate substadte, stvrocampbene, C**H*H) or 0**H'*O, 
which van’t HofiT has lately separated from volatile oil of storax, by converting the 
cinnamene contained therein into solid meta* cinnamene. BerthelotiT on the other 
hand (ibid. 197), infers from new experiments that styrolene possesses a laevogyrate 
power of 3’1 to 3*4. 

In the mixture of hydrocarbooii which Bertbelot obtained by passing a mixture of 
cinnamene and benzene through a red-hot tube (Is^ Suj^. ^06), Barbier has found 
phenanthrene as well as anthracene (Jahreah. 1874, 300). 


Cinnamene bromide, C*H*Br* -= OH* — CHBr — CH*Br, is easily formed hy 
heating 2 mols. bromine with 1 mol. ethyl-benzene to 145®* 150®. It crystallises 
from ether jn indistinct prisnis or needles, melts at 68®*09®, and deoottifoscs spon- 
taneously in the dry state; in contact with wate# it does not decompose even on ex- 
posure to sunshine. When heated with watei^ to 190®, however, it is resolved into 
HBr and bromocinnamene, C*H* — CBr=CH*. When the vapour of cinnamene bro- * 
mide is passed through a tube filled with quicklime and heated to low redncM, 
acetenyl-benzene, C*H* — C=CH (p. 8), is fornoA tqgether with a compound (m. p. 

1 19®) whose solution in benzene is coloured red by picric acid. The alcoholic solution 
of this compound, on the other band, is neither oolourod nor precipitated by picric 
acid (Badrissewsld, Ser. vi. 492). 

Zrd Sup. K 
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> cnrarABCBinBy sonco&oovss or* (Perkin, Chem. JSoc, J. 1876, ii. 660.) 

Theiehydrocarbonsare formed by the d^di|tillation of acids homologous with cinnamic 
acid, or more readily in most cases b^ sulffecting the hyflrobromides or hydriodides of 
the mime acids to tho action of< alkalis of alkaline carbonates, whereby HBr or HI is 
remold as well as CO®. Tho bjdrobromide of the acid is stirred up for some time 
with bxcess of a cold solution of sodium carbonate ; tlf e creamy mixture thereby pro- 
duced is Varmed to facilitate the formation of a layer of hydrocarbon on the surface ; 
and this layer is collected, distilled with vapour of water, and dried. 

AtlFl-bensenet = C*'H^CH=CH.CH*, is prepared by the processes just 

mentioned from phenylcrotonic acid or its flydrobromide; 

C«H«.CH=CH.0H® COOH « C»H»CH=CH.CH» + CO* 

C*H*CH* CHBr.CH*COOH - O»H».CH=K5H.0H» + HBr + CO*. 

The same hydrocwbon was obtained in 1873 by Rttig, Kriigener a. Rugheimer 
(JBer. vi. 214) in small quantity, together with phenyl -propyl alcohol, by the action of 
nascent hydrogen on cinnyl alcohol : 

CH^CHr^^CH.CmOH -t- H* = C*H«.CH=rCH.CH* + H*0 ; 
and in 1874 by Radziszewski (i&td. vii. 143) by passing bromine- vapour into normal 
propyl-bonzene heated to 150®-160®, and boiling tho resulting phenyl-propyl bromide, 
C*Ii*(C*H®)Br or C*H*.CHBr.CH*.CH*, whereby it was resolved into HBr and allyl- 
benzene. 

Allyl-benzene is a colourless, mobile, strongly refractive liquid, having a fragrant 
odour like that of cinnamene, and boiling at 166° (Fittig); 164°-.166° (Radziszewski) ; 
174'’-175"’ (Perkin). It has a density of 0*9180 at 16°, does not solidify at 16°, and 
may be heated to 160°~20Q° for several hours without visible change. It colours 
strong sulphuric acid yellow, but is not appreciably dissolved by that acid. When 
boiletl with strong nitric acid, it becomes yellow and heavier than water, and gives off 
red fumes (Perkin). 

Allyl-heiizcne dihromide^ C“H*®Bp*=: C*H*.CHB r.CHBr.CH*, is formed by 
direct combination. Radziszewski drops the calculated quantity of bromine into a 
Kolutk^a of allyl-bonzono in chloroforih. Rugheimer adds bromine to well-cooled 
aliyl-bonzeno till the colour no longer disappears: the product then solidifies after 
a while in the crystalline form. Pefkin treats allyi-benzene with bromine-water in 
excess, washes tiio product with a littl*) alkali and cools it with a freezing mixture, 
whereupon it solidifies to a crystalline mass, which does not liquefy on returning to 
tho ordinary atmospheric temperature. It may bo purified by pressure between paper 
and crystallrsHtion from alcohol. This dibromide is also produced by heating 1 mol. 
propyl -benzene, witli 2 mols. bromine to 160°. Products of higher boiling point are 
however formed at the same time, one of which, boiling at 220°, has the composition 

Allyl-lTonzene dibromide crystallises from alcohol in colourless shining needles or 
lamince, melting at 66*6° (Kiigheiinor) ; in long white silky needles melting at 66°-66° 
(Radziszewski); at 67® (Perkin); sublimes without decom^sition when cautiously 
heated ; dissolves very slightly in cold water, very freely in hot adcohol (Rugheimer). 
Treated w'ith hot alcoholic potash, it yields potass^lum bromide and a brominated oil 
(Perkin). • *• 

Bntenyl-tieiixesMi, C*'*H’*« CHP.OH=30H.CH®.CH*, is formed from phenyl- 
angelic acid in the same way as allyl-benzene from phenyl -crotonic acid. It is a 
colourless oil bdiling at 18G°-187°, and having an odour somewhat like that of ciona- 
mene. Tho di b romide, C'®H‘®Br*, is fonped by tho action of bromine- water on the 
hydrocarbon. The crude oily product solidifies when cooled, and may be purified by 
pressure and rccry stall isation from alcohol. It crysuvUises in needles melting at 67°, 
and is ch»conipo.sed by alcoholic potash, with formation of a brominated oil (Perkin). 

Another modification of butenyl- benzene. C«U*.CH® CH*.CH=CH*, pr^uced, to- 
gether with diallyl and diphenyl, by the action of sodium on a mixture of benzyl 
chloride and allyl iodide, has already been described asphenyl-bntylone {^nd Suppf. 
945). It is a colourless aromatic oil, distilling between J76° and 178°, and having a 
specific gravity of 0*915 at 16*5° (Aiymheim). 

Xsoproppl-vtnyl-lieiixaiie or tsopropyl-olnnxmenei C*H*(C*H*)CH=CH*. 
is prepared either by distilling cumenyl^ciylic acid at 200°-210°, nr by the action of 
sodium carbonate on hydrobromocumenyl-aciylic acid ; 

C*H*(C»H').CH=:rCH.CO*H » C«IP(C»H®)CH=:CH® + CO® 
C*HXC»H’)CH®CHBr.CO»H « C*H\C»H»)CH~CH® + HBr + CO*. 

It 13 a colourless oil, which smells like cumic aldehyde, has a density of 0*8902 at 16°, 
and boils at 203°-204°, a considerable quantity however being polymerised during the 
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diffttlUtion snd left bohind. This change taltejji place In daylight at oidialty tom- 
peratures in the course of a month or two, piotl^lckly indeed than that of cinnadlene 
into metacinnameno, to whidilt is doubtless analogous. iBopropyl-chfhamene is soaieeliy 
acted upon by a solution of chromic acid, unless aided By heat. Iodine dissolTatTiftt 
freely, and the solution when heated quickly soHdIflea to a tenacious mass. 

The dihromide. C**H“.Br=*‘, ip easily formed by agitating the hydrocaz^n witli 
bromine-water, and is obtained by washing the piquet with dilute ^ueqna potash, 
and crystallisation from alcohol, in shining colourless nocdles melting at 71^. It 
dissolves freely in hot alcohol, and with moderate hicility in cold alcohol, itoated 
with alcoholic potash it quickly decompose# with separation of potassium bromide \ 
and water add^ to the product throws down a heavy oil, probably G*'H'’Br, which 
when heated to about 1 50^ for several hours, becomes brown and viscid, and gives off 
hydrobfomic acid. 

Xsoprop 7 l-wllyl*beiimwtiw« is best prepared by the action of sodium 

carbonate on hydrobromoeumenylcrotonic acid : — 

C*RXC^W).CmCH*.CHBr.COm -= C*H*(C*jr)CII:ii:OII.CU" + HBr + 0O». 

It has a density of 0*8900 at 16”, boils at 229®-2S0®, does not solidify at —15® ; is 
not apparently altered by heating to 160”-200® for sixty hours. It dissolves but 
sparingly in strong sulphuric acid even when heated, but is apparently polymerised ; 
fur, on lidding water to dilute the acid, the oil which separates on the sui^ace becomes 
quite thick on cooling. 

The dtlnt>mi€le, C'*H**Br* prepared like that of iBopropyl-cinnamono, gradually 
solidities to a crystallino mass, which must bo strongly pressed to fVeo it from a 
brominated oil, then left to dry to a white wax-like cake, and tinally crystallised from 
alcohol. It melts at 50® to a colourless oil, which crystallises boautifully on cooliug, 
dissolves easily in boiling alcohol, and ciystallises therefrom in tliiu plates, very 
soluble in other and in petroleum-spirit. Heated with alcoholic potash, it quickly 
decomposes, forming potassium bromide and a heavy brominated oil. 

Znopropjl-biatwiiyl-lieaBwiiWt ^ C*H*(C*H*).CHr=:CH.OJJ».Cli*, pre- 

pared like the preceding, fi^m hydrobromocumenylangelic acid, is a colourless oil having 
an odour like that of cumic aldehyde, but more fruity and less powerful. It has a 
density of 0*8875 at 15®, and boils at 242®~243® ; does not thicken or undergo any 
apparent change when heated to 100®-200® for several hours. When kept in contact 
with the air, however, it resinises. On shaking it with strong sulphuric aeid, it 
lioeomes hot, and acquires a brown colour, which disappears on luldition of water, and 
an oil then rises to the surface, which thickens on cooling. This thick oily product, 
most proliably a polymeride, is ne^ly ins<iiuble in alcohol. Isopropyl-bjteiiytbcnieene 
dissolves in fuming nitric acid with violent action, and, on adding water, a yellow oil 
separates which thickens on cooling. 

The diiromide, melts at 77"f dissolves very easily in benzono, other, 

petroleum-spirit, and boiling alcohol, and sepaKttes from the latter in transparent 
pistes on cooling. IJoatod with alcoholic potash, it yields KBr and a brominated oil. 

cnrWAJmiYllROaULlSZG A0Z9. 8oe Hyduoxyi-aminii. 

CXWWJkmXC JkCXJBf (J*WCP ^ C*K*.CHp:CH.CO»Il. Phenyl acrylic acid 
(Perkin, Chem. Soc. Jour, 1877. i. 389).-i-This acid is produced by heating benzalde- 
hyde with acc*tic anhydride and sodium acetate : — 

2C^H-0 C*n‘0» - + H»0. 

The mode of action is not very well undeistood, but the presence of sodium acetate 
or some analogous salt, as sodium yalemte or lead acetate, appears to be essoatial. 
The transformation is liest effected by heating 1 pt. of sodium acetate, 2 pts. ^iiauiic 
aldehyde, and 7t pte. acetic anhydride in a seal<Hl tube to about 180® for tivo or six 
hours. On opening the tubes, carlxmic anhydride escapes (proceeding from the 
decomposition of part of the cinnamic acid pmluced), and a crystallino mass is found, 
containing a large proportion of cinnamic acid, sometimes as much as 84 per cent, of 
the benzaldehyde employed. To purify the product, it is boiled with water in a 
retort, any unconverted benzaldehyde bet^ then* carried^ over with the steam, and 
the re.sidue is left to cool, during which time ^e crude oily cinnamic seal solidities, 
and any that may be dissolved in the aqueous solution separates out. It i < then 
collected on a filter, washed with water to remove s^ium acetate, boiled with sodium 
carbonate, and after cooling, filtered from the oiljr impurities which are always 
present. On acldif 3 riDg the solution, the cinnamic acid separates as a ^hitu 
crystalline prscipitate, which may be further puritieci two or throe crystallisations 
front iboiling alcohoL 

The ciystalline mass to which the contents of the tubes solidify on cooling is intcr^ - 

*'C» 
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ftperaed n^th. small pale-coloured opaque sodules consisting of acid sodium cimamafe, 
*C*H^a6*,C*H*0’*, analogous to acid potassium benzoate. This salt dissolves in acetic 
anhydride, is dec^posed by water, jfelding cinnamic acfi and sodium cinnamate, and 
i ViHijiyiiii in strong aqueous ammonia without forming cinnamide (Ferhin). 

> Cmnamic acid unites at low, temperatures with fuming hydrohromic and kydriodic 
aaids’f the addition-product separating out before cojpplete solution has taken place. 
After several days standing and frequent agitation the conversion is complete. The 
result^g heids when moist are easily altered by heat, and they are very quickly 
'' decoAMsed by boiling with water. They may be purided by diying over sulphuric 
acid ano solid potash, and crystallisation carbon sulphide. 

Hydrohromoeinnamic acid^ C®H*BpO* = C®H®.CH®,CIIBr.CO-H, is formodalso 
by theaction of hydrohromic acid on phenyl-lacticacid, C*H.*®0*+ ^B^ = + K“0 

((J laser, Annalefa^ cxlvii. 96; comp, Supj^L 468). It forma colourless 
nacreous plates, very slightly soluble in carbon sulphide ; melts at 138® ; begins to 
decompose at 143® ; and if boated for a long time on a parafiBLn bath, at a temperature 
not exceeding 1 50®, in a slow stream of air, it splits up almost quantitatively into 
hydrohromic and cinnamic acids. On boiling it with water, two simultaneous reactions 
hike place, one part of the compound simply giving off hydrohromic acid, and yielding 
cinnamic acid, while in another part bromine is exchanged for hydroxyl, and phenyl- 
lactic acid is formed. This is an excellent method for the preparation of the last- 
named acid. 

When hydrohromoeinnamic acid is traated with ten times its weight of water (to 
kcey) down the heat of the reaction), and siylium carbonate is added to alkaline reaction, 
sodium carbonate and bromide are formetl, and cinnamene collects on the surface as 
a coluiirbiMS oil : 

C''H^C^*.CHBr.COm ^ CnV\CU—CUr + lIBr + CO* 

(F. Binder, Deut. Chetn. Ges, Ber, ix. 1195). 

Hydri odocinnamic aeid^ C®H*IO*, resembles the brominated acid, but dissolves 
more readily in carbon sulphide, and molts, with blackening, at 119®-120^ (Binder). 

OaNWiLIHISO ikOZO, BOMOi:OOVBS OB, BITII BBZiZBll JkCZBB 

(Perkin, Chon,, Soc. Jour. 1877 ; i. 391 ; ii. 661). These acids are obtained by heating 
benzoic aldehyde, and other aldehyt^a of the aromatic group, with the homologues of 
acetic anhydride and the sodium salts of the corresponding acids. The presence of 
these salts appears to bo indispensable to the process, but, as in the case of cinnamic 
acid (p. 499), their mode of action is not yet imderstood. The best proportions of 
the materials are 2 pts. of the aldehyde, 2 pts. of anhydride, and 1 pt. of sodium salt, 
the mixture bs'Ug heated in a sealed tube to 140^-1,50° for twelve hours.* 


• I, Acids homologous with Cinnamic Acid, 

Ptienyl-orotonlc aoidp C'®H*“0* = C*H^C*II^CO*H, is prepared by heating 
benzoic aldehyde with propionic anhydride and sodium propionate : 

2C*H"0 4- C®H»®(F = 2C'®H^®0* + H*0. 

The tubes when cold contained a nearly solid crystalline mass moistened with an oily 
product, and carbonic anhydride escaped on dpening them. The product was mixed 
with water, freed from oily matter in the manner above described for cinnamic acid, 
then decomposed with hydrochloric acid,* and the white precipitate washed on a filter 
with cold water, and twice crystallised fj^ora alcohol. 

Fheuyl-crotonic acid melts at 82® to a clear oil, and solidifies on cooling to a 
beautifully crystalline mass. It dissolves easily in alcohol, especially when hot, and 
separates on cooling in transparent oblique crystals. It is slightly soluble in boiling 
water, and crystallises on cooling in slender needles. Its barium aalf, 
(C*®H?*0®)®Ba + H*0, obtained by boiling the acid with baryta-water, separates on 
cooling in fern-like crystals, appearing when magnified to consist of plates. When 
dried in the water-oven, they lose their water and beqome opaque. They are but 
slightly soluble in boiling water. * 

laophsm/l-crofonic acid, C*®1I‘®0®, is formed by heating beuzaldehyde with 
succinic anhydride and sodium succinat# : 

C’H®0 -I- C*H®0* = d‘®H«0* + CO*. 

* lu Ibe earlier exporimeuts, a larger prop<»rtl(«i of aubydrido was used, vl*. 8 pts. to * pts. of the 
Aldehyde, and the mixture was heat^ for about six hours to ieo°-18Q° ; but later experience has 
shown that better results are obtainctl with the smaller uuautity of anhydride and the tower tem- 
peraturo above mentionetl, the amount of carbon dioxide formed being thereby diminished and the 
yield of the acids iucrensetl. 



CINNAMIC ACID, HOMOLOGUES OF. *01 

The product is a brownish-red stid^ substance when boiled with w||teir, to e 

thick red-brown oil, and yielding a pale T||iow solution, which on cooling gradufdly ^ 
deposits isophenyl-crotonic add in le^ plates o#long needles. Th|pe, when washed 
and afterwards TOiled with water, melt at first to an eil, but afterwards 
the most part, and the solution on cooling deposits the acid in beautifhl white ndeo^. 

laopbenyl-crotonic acid mejjyi at 83^- 84*^, and when strongly hMted ^yes off 
suffocating vapours somewhat like succinic acid. The fused acid solidifiea on cooling 
to a beautiful ciystalline mass. It is excessively soluble in alcohol. Thr^tw stilt, 
C'*H*AgO>, is obtained as an extremely bulky and curdy precipitate on addin|i||ily«r ^ 
nitrate to a solution of 2 mols. of the acidysnd 1 mol. of sodium carbonate, entering 
off the resulting precipitate, and treating the filtrate with excess of siLvor nitrate. 

Fbenyl-angellc noid, C**H‘*0* « C*H*.C«H*.CO*H, was discovered by Fittig a. 
Bieber (ZeitscAr, J\ Ckem, 1869, 232), who obtained it by heating equal parts of 
benzaldehyde and normal butyryl chloride in sealed tubes to 120^-130*^ : 

C»fl*COH + CH».CH^CH*.COCl « C2«H\CH~CH.CH*.CH».CO»H + HCl. 

The crystalline mass thereby obtained was boiled with dilute soilium carbonate, and 
the phenyl'angelic acid separated from the solution by hydrochloric acid was converted 
into calcium or barium ilt, and reprecipitated by hychochloric acid. Perkin pre- 
pare*! the acid similarly to phenyl-crotODic acid, by prolonged heating of bensaldehyde 
with butyric anhydride and sodium butyrate ; the purification is effected in the same 
manner as that of phenyl-crotonic acid. 

Phrnyl-angelic acid melts at 104^ to a colourless liquid, and crystallises on cooling 
in small needles molting at 81^. It dissolves but very sparingly in cold water, more 
e^Lsily in hot water, and crystallises in long slender colourless needles. It is vory 
soluble in alcohol, and separates therefrom in small white needles, but the niothor- 
liquors, on standing, sometimes yield transparent crystals several millimeters in 
diameter. It dissolves easily in hot petroleum-spirit, but only slightly in the same 
liquid when cold. When boiled with water, it volatilises to a slight extent with the 
steam. Its silver salt is ii white precipitate slightly 'soluble in cold water {Perkin). 
The fnirium salt, (C'*H"0*)^Ba, crystallises iii fern-like groups of needles, mo<V^ratoly 
soluble in cold, more soluble in hot water. The calcium salt, (C**H**0*)’‘*Ca, exhibits 
similar characters. By oxidation with chromic acid mixture, the acid is converted 
into henzaldehyde and benzoic acid (Fittig a. Bieber). 

Plionyl-ango ly I chloride, C*®U**O.COCl, is prepaid by gently warming a 
mixture of phenyhangelic acid and phosphorus pentachlorido, in the proportion of 
1 mol, of each, heating the product to 140^ after the first eneigotic action is over, and 
passing dry uir over it to remove the phosphorus oxychloride. The product is a pule 
yellow oil, which is gradually decomposea by water, forming a crystalline mass of 
phciiyl-angelic acid ; with alcohol it yields an oily other (Perkin). 

Piieny l-angelamide, C**H'^CONH^ is obtained by agitating the chloride 
with strong aqueous ammonia, as a yellowish white mass, to be purified hy washing, 
drying, and solution in boiling alcohol, from which it separates on coolii^ in vory 
beautiful prismatic crystals. It dissolves easily in alcohol, with some difficulty in 
petr<deum-spirit, slightly in boiling water, from which it crystallises on cooling. It 
melts at 128^ (Perkin). 

CnmenyUMryMo or Xnopr^spyl-plieiiylacrTlio Poifi» 

is obtained by heating cumic aldehyde with sodium acetate 
and acetic anhydride ; • 

2C'"H'*0 + w 2C>»H'*0» ^ H»0. 

The product is a pale brown radio-crystalline mass, from which, by boiling with water, 
treatment of the resulting s^dution with bvdrochloric add, dec., as described for the 
preceding compounds, and repeated crystallisf^ion from alcohol, cumonyl-acrylic acid 
IS obtaiue^l in white needles apparently consisting of oblique prisms. It dissolves 
freely in alcohol and in hot glamal acetic acid, but is only slightly soluble in boiling 
water. It melts at 157^-1^8^ to a clear liquid which solidifies to a crystalline mass 
on cooling. When heated till it boils, it is ^solv^ into carlxinic anhydride asd 
isopropylcinnamene (p. 498). Cold fuming nitric acid dissolves it, forming a 
nitro-acid which crystallises from alcohol m yellow needles. Cumenj^ -aery lie acid, 
heated with aqueous chromic acid, is gradually oxidised, and yields a di&t tiate o^ 
cumic aldehyde. A solution of the acid in carbon suljphide, heated with bromkie, 
yields a bromine derivative which is decomposed by heating with alkalis. 

Ammonium. Cumenylacrylafe is obtained, by evaporating a solation of the acid ifl 
ammonia over sulphuric acid in a vacuum, as a mass of asbestos-Uke crystals, which 
give off ammonia with caustic alkalis ; it is not easily soluble in water. The sodiu^ 
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mU, by boiling the acid with the calculated qdadtity of sodium carbonatot 

iries up to a white very indistinctly cry^|^Une mass. It is moderately soluble in 
srater, but is predpitated from its sdiutioiTby sodium chiioride ; when strongly heated 
it giyes off a considerable quantity of a hydr^arbon. Hydrochloric acid added to its 
elution throws down the cumonyl-acrylic acid as a snow-white flocculent powder. 
The 0 cUcium salt, (C**H^*0“>*Ca* is obtained by adding calcium chloride to an aqueous 
»ol ution of the sodium snlW as a white, bulky crystalline precipitate, and by recrystal- 
lisation boiling water, in beautiful white needles. It is sparingly soluble in 

nrate|^ jHeatcd to 90®-100° in air free from carbonic acid, it quicldy takes up oxygen 
in the proportion of nearly 1 at. O to 1 ^ol. of the salt, and on decomposing the 
ixidised salt with hydrochloric acid, a wmte, easily decomposible acid is obtained, 
probably consisting of oxycumenylacrylic acid, C**H“0*. The barium salt, 
obtained by double decomposition, is a white powder, which appears to be slightly 
srystallinoj and sometimes conglojnorates to a plastic mass when boiled with water, in 
nrhich it is slightly soluble. The strontiwm salt, (C**H“0“)'‘*Sr + 2H'‘*0, resembles the 
mrium salt, being a white powder slightly soluble in water. The copper salt is a 
jroen precipitate ; the ferric salt, a light brown precipitate. The silver salt, 
obtained by adding silver nitrate to a hot solution of the sodium salt. 
leparatoB as a copious bulky precipitate, which soon contracts and appears crystalline 
inder the microscope ; strongly electric when dry. 

Cumeuylacryl chloride, C**H**.COCl, is prepared by treating the acid with 
?C1* in calculated proportion, heating the product to 130° in an oil-bath to distil off 
he phosphorus oxychloride, and then passing dry air through it at the same tem- 
)oraturo. On cooling, it solidifies to a crystalline mass melting at about 25°. It is 
luickly reconverted into the acid on exposure to the air. and when mixed with alcohol, 
rields a heavy oil doubtless consisting of ethyliccumenyl acrylate. 

Cumenylacrylamide, C“H'*.C0N1I*, obtained by the action of aqueous 
immonia on the chloride, is a white powder, insoluble, or nearly so, in water, 
noderately soluble in alcohol, and crystallising therefrom in satiny plates not unlike 
lakes of sublimed naphthalene. It melts at 186°>.186°. and when further heated, 
liBtil% 9 with evolution of small quantiticKi of ammonia. Boiling aqueous potash does 
lot decompose it, except in saturated solution, in which case ammonia is freely 
piven off. 

Hydrocumenylaorylic or *>Cumenylpropionio acid, C*“H**0* = 

is formed by the action of nascent hydrogen on cumenyl- 
lerylic acid. The acid mixed with about 15 times its weight of water was treated 
vith sodium-amalgam (containing 2 per cent, sodium) in quantity sufficient to form 
ts sodium salt^ the mixture being frequently shakos, whereupon the acid dissolved 
vith but little evolution of hydrogen ; excess of sodium-amalgam was then added, and 
he mixtu];6 left foe several hours till hydrogen was somewhat freely evolved. After 
he separation of the amalgam, the solution w^as acidified with liydrochloric acid, 
vhich throw down a Crystalline precijjitateof cumenylpropionic acid ; and by washing 
his precipitate with water, pressing it between bibulous paper, then dissolving it in 
varm glacial acetic acid, fi.ltering from a small quantity of an amorphous insoluble 
iroduet, and gradually adding water to the clear titrate, the phenyl -propionic acid was 
separated in satidy scales. *' 

This acid melts at 70° to a clear oil, which crystallises very baautiftilly on cooling, 
[t is very soluble in hot alcohol, petroleum-spirit, and glacial acetic acid, insoluble, or 
learly so, in vCater. Its sodium salt, ^obtained by boiling the acid with sodium 
larbouate, forms a clear solution. The6nrt*q/;i and calcium salts are white precipitates 
vhich become tenacious when rubbed with a glass rod. The silver salt, C**H**AgO-*, 
prepared by double decomposition with the sodium' salt and silver nitrate, rejecting 
he first portions thrown down, is a white precipitate nearly insoluble in water. 

Hydrohromocumenylacrylioaci — C*H*{C*H^).CH*. CHBr.CO-H. 

s produced by leaving finely divided cumenylacrylic acid in contact for several days 
vith fuming hydrobromic acid, sp. gr. 1*74, — or better by treating it with a saturated 
jolution of hydrogen bromide in glacial acetic acid. On <exposii^ the mixture to the 
ur after the action is completed, thb hydrobromocumenylacrylic acid separates out 
in crystalline crusts. This acid is very^soluble in alcohol and in ether, and separates 
From the latter on evaporation in shining crystals. It melts at 85°-87°, and when 
further heated decomposes with separation of hydrobromic acid. When boiled with 
vater, it melts to an oil, and then becomes pasty, splitting up chiefly into hydrobromic 
ind cumenylacrylic acids. T^ted with a cold solution of soclium carlx)Date or 
‘Rustic potash, it is resolved iilto HBr. CO®, an I isopropylcinnamene. (Perkin, 

Chem, Soc. Jour, 1877, ii. 661). 
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Commyl-orowiito la produced b} 

beating cmuio aldehyde with aodium acetate and 3 pta. propionic acid, and ||ilrifled in 
the aame manner as the oorr^ponding acidA aLregdy deecribed. It oiyatallisea from 
alcohol in nodular nuaaea, from petroleum-spirit in beautifal oblique prisma ; melb 
at 90^-91*^, orystaUiaes on cooling, and then swells up in a most remarKable mannei 
into leaf'-like scales. It diaacdves easily in alcohol and in boiling petroleum^apirit, 
only slightly in the latter when bold. Its ttUt^er salt, C'*H'*AgO^ prepared Ijke that 
of isophenylcrotontc acid (p. 504), ferms at first a copious white cu^^dyjp^ipitato, 
rendering the liquid semi-solid, but booomes denser after being stirred andlm # rest 

Il^drodromocumen^lcroionic aoi^ * 5 ^' ^ ’ 

C»»H"BrO« - C»H‘(C5*#).CH*.CHBr.CH^CO*H, 
prepared like hydrobromocumenylaciylie acid, crystallises in fiat oblique prisms. It 
is extremely soluble in ether, moderately soluble in alcohol, benzene, and glacial 
acetic acid, sparingly in petroleum-spirit. It melts with partial decomposition at 
140^-150®, and, if more stronglT heated, gives off large quantities of hydrobromk 
acid. It is decomposed by potash or by sodium carbonate, like liydrobromocumonyl- 
acrylic acid, yielding isopropylallyibenzeuo, (p. 499)1 

Cumenyl-aiigello acld« «= C*ll*{C*H’).C*H*.CO*H, prepared fiom 

cumic aldehyde, butyric anhydride, and soilium butyrate or acvlato, and purified like 
the preceding acids, is a crystalline substance melting at 123®, freely soluble in 
alcohol, especially when hot, and separating therefrom on cooling in colourless 
needles. 

Hy dr obromocumenyl -angelic acid, 

- 0*H^C*H’).CH».CHBr.CH^CH*.CO»H, 

prepared like its lower homologues, crystallises in flat prisms ; is freely soluble In 
ether, moderately soluble in alcohol ; decomposes when heated, giving off HBr ; and 
is converted by alkalis, with loss of HBr and CO'**, into isopropylbutenyl- 
benzene, (p. 499). 

II. Acids, ‘*0’, fronr? Cinwamic Aldbhyok. ' , 

These acids are formed from cinnamic aldehyde, C*H"0, in the same manner as 
those of the preceding series from L)enzuldehyde and its homologues (Ferkin, Chem, 
Sec. Jour. 1877. i. 403). 

Cinnumeny 104317110 wold, C"H**0* -» C*Il* — -C0*H, is prepared 
by heating cinuamic aldehyde (or cinnamon oil of the best qualit y) with acetic anhydride 
and sodium acetate. Carbon dioyjdo escapes on opening the tube, and^^on mixing the 
product with water, the saline matter dissolves, leaving a resinous substauoe which 
dissolves but partially when lioiled with aqueous sodium ctirbonaio. The filtered 
alkaline solution, acidified with hydrochloric acid, gives a white precipitate of cin- 
namenylacrylic acid, which may be purified by irystallisatiou from aleoW, and thou 
from petroleum spirit. 

Ciuoamenylacrylic acid disr^olves easily in alcohol, and crystallisos therefrom in 
thin plat€» : it is but slightly soluble in petroleum spirit, but separates from it in 
more distinct cr^'stals. It melts aC 106°- 1^6®. When heated and boiled it dec 4 ')m' 
poses, yielding an oil which bums v^th a very smoky flame. When lioiled with 
i^ueous cliromio acid it yields a distillate containing an oil which appears to be 
cinnamic aldehyde. 

Sodium salt . — CiDnameoylaerylic acid diAolves slowly in a dilute boiling solution 
of sodium carbonate, and if theoretical" quantities are employed, the solution, on 
evaporation, dries up to a whjta, almost amorphous mass, not very soluble in cold 
water. 

The calcium mlt is obtained by adding calcium chloride to a solution of the 
sodium salt, as a white precipitate, dissolfiDg to a small extent in boiling water, from 
which it separates in small glistening crystals on cooling. 

The barium eaU, obtained in like manner, is a white precipitate, slightly soluble 
in water, and separating the boiling solution on cooling in small needles. 

The Tttagnesium mil is a white milky precipifkte, which redissolves almost immedi- 
ately, but separates again in the crystalline ^te on standing. • 

The $ilver mlt is a white, somewhat curdy precipitate, slightly soluble wah#, ^ 
blacxening gradually in sunlight. The Uad tali is a white cmrdy precipitate, the 
copper halt a pale green, the/i»*Wc mlt a pale brown precipitate, 

Cinnamen vlacry I chloride, C**H*OCl.obtoiii^ by treating the acid with phos- 
phorus pentachloride, separates fn>m the fluid mixture on cooling, in small crystal^ 
which render the whole nisarly solid 
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Oinnamenylacrylamide, the chloride 

with 0tik>ng aqueous ammonia, as a white sublltaiiite insoliibfe in wato, moderately 
soluble in alcohol, and crystallising ^erenom in flat nq^e^l^lUpB benzoic acid. 

Hy dirociniamenylacritlic aeid, papered to gradually adding 

1 _r__ i:- ^ f a ^ 4.zi» 


orating tii^ethereal solution, the acid remain^ in the form of an oily liquid. The 
!i.. C‘H“AgO*, is a white precipitate, giving by analysis 37*62 per cent, silver, 

the formula requiring 38*16 per cent#- J^his .^analysis, and that of the acid (exp. 
74’62 C, 6*68 H ; calc. 75*0 0, d'Sl H) a» not quite satisfactory; but if the formula 
^iigi 2 Q 2 correct, the acid is isomeric with phenylangellc acid; 

Clnnamensrlorotonlc aclil, = C*H\CH*LC*H*.GO^, was prepared by 

heating 15 pts. cinnamic aldehyde, 15 pts. propionic* anhydride, and 6 pts. sodium 
propionate, and purified like cinuamenylacrylic acid. It is easily soluble in alcohol, 
insoluble in cold, sparingly soluble in hot petroleum spirit, and crystallises therefrom 
in fiat oblique transparent prisms which become opaque on keeping. It molts at 
167°-168®. 

The sodium salt is obtained by prolonged boiling of the acid with a dilute solution 
of sodium carbonate, and remains, on evaporation in a vacuum, us a distinctly crystal- 
line product, only moderately soluble in water. The calcium and barium salts^ obtained 
by double decomposition, are white flocculent precipitates, sparingly soluble in boiling 
water, and deposited therefrom on cooling in groups of minute crystals. The 
TTUiffnesium salt is crystalline and more soluble than the last two. The ferric salt is a 
pale brown precipitate; the copper salt a very pale green precipitate. The silver salt, 
C^-^H^AgO* is pure white, slightly soluble in cold water, and is but slowly acted upon 
by light. 

CinnameiiylaiigeUo aold, C‘*H**0*=: was prepared by heating 

cinnamic aldehyde with butyric anhydride and sodium butyrate to 160°-165®, and 
purified in the iniinnor described for the preceding acids. It did not, however, give 
satisisetory results on analysis, and wtA therefore further purified by conversion into 
the calcium salt, decomposition of this salt by hydrochloric acid, and crystallisation 
of the precipitate from petroleum^ spirit. It forms small shining crystals, melts at 
125^-127®, dissolves easily in alooh6l»not very freely in petroleum-spirit. The silver 
saltf C**H**AgO* is a white precipitate slightly soluble in cold water. 

Ill, Acids moM Anisic Aldehyde. 

« « 

Metliyl-paraoxyptieiiylaoryUo aold or MCettiyl-paracoumaric acid, 

« C*H*(OCH*).C^H^CO'*H, is prepared by lioating 2 pts. anisic aldehyde 
(aiiisal) with 1 pt. sodium acetate and 2 pts. acetic anhydride ; boiling the dark- 
coloured product till the distillate is Itiearly free from oil ; leaving the residue to cool ; 
washing the crystalline product on a filter to remove saline matter ; then boiling it 
with sodium carbonate ; passing the solution through a wot filter to remove neutral 
oily products ; precipitating with hydrochloric ;acid ; and twice recrystalLising the 
washed and dried precipitate from alcohol. 

Methyl-paraoxyphenylaciylic acid melts rt about 171®. It is moderately soluble 
in alcohol, from which it crystallises in very pale yellow needles ; sparingly soluble in 
boiling water, ‘which deposits it, on copling, in small white crystals. When heated 
till it boils, it decomposes, yielding an oil which has a strong but pleasant odour of 
fennel, and solidifies to a crystalline maAs on cooling. This compound is probably a 
homologuc of an et hoi, its formation being represented by the equation : 

C«^\OCH>).C"H=.CO*H - CO* + C*H*(OCH»)(C*H*). 

Motbyl-oxyx>htMiylacrylic acid, boiled in a retort with dilute chromic acid, is slowly 
oxidised, and yields an oily distillate, apparently consisting of a ni sal. 

Metallic Met hylphenyloxyacrylates. — The sodmfn salt, C**H*NaO*, ob- 
t4kined by boiling the acid with the calculated qnanfity of sodium carbonate, is 
deposited on cooling as a white mac^ of microscopic satiny crystals, rather sparingly 
soluble in Hater. The calcium salt ^ obtained in transparent needles by adding 
cGdcium -chloride to a weak boiling solution of the sodium salt, and leaving the liquid 
to cool. The barium salt is obtained in like manner as a crystalline precipitate. The 
strontium saU separates on cooling in small crystals, more soluble than the barium 
salt. The copper salt is a palp bluish-green precipitate ; the/erric salt, a brown pre- 
cipitate. The silver salt, C^*l{*Agt>*, is obtained as a purs white precipitate, sli^tly 
soluble in water, by adding silver nitrate to a dilute solution of the sodium salt, till a 
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slight piecipitAth is fonnc^'and ii^^Kdi«oiT«d starring, then fllUring and treating 
the filtrate with excess of %lver niiltete. ^ 

MethylparoxyphenjInKryl ehlori^e. Jfiiepared by the at^on of PCl^ on 
the acid, and freed nmPOOl* ^beating the pmuct t<% 120^-1 80^, Ad then passing 

air over it, is a daA yellow^ oil ^jflrieh solidifies on cooling to a crystalline mass, 
melting at about 50^. With a])q^j|||al it yields the eth^lio ether, as a pale yellow 
riecid oil heavier than water. 

The amide^ is fbi^ed by treating the chloride wit^i^tcoholic 

ammonia, whereupon it b^mes hot ahd deposits crystals. On evaporating off the 
alcohol, and treating the residue withowate^a white product is loft, which may be 
purified by crystal lisatJ on from water, tt imts at 180^, and crystallises on cooling. 
Alcohol dissolves it readily, and deposits it in scaly crystals. Water dissolves it but 
sparingly, and the ciystals pbteineti from the solution are very small. 

Hy dromethyl-parpxifpkKny {acrylic or McthylparoxyphenylprO’' 
picnic acid^ C*®H**0* » C*H*(OCIl*).C*li*.CO*H, is formed by the action of sodium 
amalgam (containing 2 par cent, soiiium) on a mixture of 1 pt. methylpuroxyphenyl* 
acrylic acid and f)0 pts. ^rat^r, the mixture being coustsiitly agitated till the whole of 
the acid has dissolved ; excess of the amalgam is then addeni ; the mixture left tq 
itself for twenty-four hours ; the clear solution then decanted, and acidified with 
hydrocliluric acid ; and the resulting white precipitate is washed on a filter with cold 
water, purified by solution in boiling water, and filtered from a small quantify of insoluble 
matter. The filtrate on cooling deposits the acid iu feathery crystals melting 

at 101^ 

BCetliylparoxypbeiiplorotonio aold« - 0*H*(OCH^)p.O*H*.CO’% 

was prepared by heating anisic aldehyde with propionic anhydride and sodium pro-* 
pionnte, and partly purified in the same manner as the preceding compounds ; but the 
solution obtained by boiling the crude product with sodium carbonate lioing still 
milky, oven after filtration, it was treated with ether, then boiled and acidified with 
hydrochloric acid. The acid then separated as a white precipitate, which 

was washed and crystallised from alcohol. 

This acid is moderately soluble in alcohol, atnl crystallises therefrom in beavtiful 
transparent rectangular plates. It melts at 154'’, and decomposes when heated to 
boiling, yielding an oil which smells like oil of anise, and l>ecomes crystalline on 
cooling. This oil is iloubtloss anethol, its f]r>fmatiun being represented by the 
equation : 

C-H'(OCIi’).C»H‘.C02H « C*H*(OCIl»)(C»H") + CO*. 

Calcium ^fcf/tynj.vyplirayfvro(onafe, obtained by adding calcium chloride to a diluto 
solution of the si^lium salt, is a cryjitalUne precipitate which dissolves ob lioiling, ami 
is deposited on cooling iu small white needles. The barium sallf similarly prepiired, 
crystallises from its boiling aqueous solution on cooling in thin shining needles. The 
fiilver salt. prepanyl like those of the »ici<ls previously described, is a 

satiny crystalline precipitate, slightly soluble in <?uld water, more soluble in hot water, 
from which it crystallises on cooling in slender needles. Light acts upon it but slowly. 

MetliylpAroxxplienylangelle aoId,C'*H'^0» =«C''H«(OCH*)p.C^H*.CO*H, was 
prf*p*ired by heating a mixture of anisic qldehydo, butyric anhydr^e, and sodium 
butyrate, the product being purified similarly to the last, excepting that the treatment 
w'ith etiior was not required. It crystallfses from alcohol iu needles; melts at 123®- 
124® to a colourb-«» oil. wnd crystallises ve^ beautifully on cooling. When heated to 
Inaling it decora pt>seM, wifh separation of CO*, yielding an oil smelling like oil of anise, 
and probably consist! tjg of a homologuo of rne^hol, C*H*(OCH*)C*H’, 

IV. AcID.S isomeric with tHe PttECEIHNO, UBTAtXKD FROM MsTUTLSAUCTLIC 
AeDEUTUK and rAOM CoVMAStK. 

Metbylortlioxsrpl&eiipUMinrUo aetd« C'*I1**0*. Of this acid there are two 
imslificatioDS, distinguished as a and 

The a-acid is formed as r methylic ether, C*H^(OCH*).C*H®.CO{OOH*), by sub- 
icctingan alcoholic solution of sodium coumarate, ClHXONa).C*H* CO(ONa) — obtained 
by boiling coumarin with caustic soda (see Cociiabin)h — to the action of n^^tbyl iodide 
at 100® in a scaled tube for about three hours.® The product, freed from alcohol by 
distillation and mixed with water, yields the methylic ether, 0*'H**O». as an oil boiling 
at 278‘’-280® ; and from this the acid C‘®H**0* may be obtained by boiling with potash, 
then adding water, boiling the alcohol, and adding hydrochloric acid. The acid 
then sepuratos as an oil, whith crystallises on cooling am> may bo purified by recrystaL 
lisation from ordinary ace lie acid, separating therefrom on cooling in gluteniiig 
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which generally low their lustre in drying. It is easily soluble in alcohol 
and xnelta at 88^-89°. ^ 

The eodium salt is exiremeljwoltirae in water, ^nd^dries up to a gummy mass ; 
the ailver salt & white crysta)Iin6 precipitate ; wthe setter atUt a^hnght yellowish-green 
precipitate; the^femo salt a pale brown preQipitate. 

- 0. MethylarthaxyphmyUusrylie acid was prejmred by heating methyl-salicylie 
aldehyde with acetic anhydride and sodium acetaUt in se^ed tubes to 100'^ for al^ut 
six hoU^. purifying the crystalline product in the usual way with sodium carbonate, 
decomposing the s^ium s^t with hydrochloric acid, and recrystaUising from alcohol. 

This acid is moderately soluble iiy^lcohol, and crystallises therefrom in small 
hard prisms. It melts at 182°-183°. Ttteated to boiling it decomposes, yielding an 
oil which has an odour very dilferent from that of the oil obtained from the para-acid, 
but somewhat like that of coal-tar naphtha. The acid fused with potash first turns 
yellow, apparently in consequetpee of the formation of coumaric acid, but when further 
heated yields a large quantity of salicylic acid. Heated with phosphorus pentachloride, 
it fields a chloride, which is converted by ammonia into methylorthoxy- 
phenylacrylaraide, C*H‘'(OCH*)o.C^H*.CONH*, crystallising from alcohol in 
^ needles and melting at 101^-192°, 

The calcium and barium salts are white precipitates which become crystalline ; the 
cop-per salt is a green, the ferric salt a pale brown, and the silver salt, C^''H*AgO’, a 
white precipitate. 

The /S-compounds are also formed from the corresponding a-compounds by the 
action of heat. The o-acid is converted into the iS-acid by heating it to its boiling 
point. The a-methylic ether undergoes a corresponding change at 150°-166°, and if 
heated with alcoholic ammonia for ten or fourteen hours at 200®, it yields thei^amide 
melting at 191®~192®. The same amide is produced by treating the a-acid with 
pho^horus pentachloride, and the resulting chloride with ammonia. 

The difference of structure between the a- and 3-acids has not yet been clearly 
made out. 

The following t*iblo exhibits some of the differences of their properties : — 



«. 

I. 

II. 

III. 


Mothylmroxy- 
pbeuylaciyllc add 

/i-Metbylorthoxy- 
phenylaorylic acid 

a-M ethylorthoxy- 
phenylacrylic acid 

Melting points 

171° 

182®-! 83® 

88°-89® 

Colour of ferric salt 

Brown precipitate. 

Pale brown preci- 
pitate. 

Pale brown preci- 
pitate. 

,1 ^ copper ,, 

Palo bluish green 
precipitate. 

x. 

Green precipitate, 
yellower and 

darker than I. 

A bright yellow- 
ish-green preci- 
pitate, darker 

than I. and 11. 

1 p.c. solution of^ 
sodium salt^ with }■ 
CaCl-* and BaCl*) 

A crystalline white 
precipitate. 

r 1 

— 

2^ p.c. solution of. 
sodium sa'^t, with > 
CaCl» and BaCl*) 

Ditto. ^ 

% 

A white precipitate. 

— 


A 2^ p.c. solution 
of the sodium salt 
deposits a large 
quantity of the 
salt on cooling in 
white satiny cry«p» 
tiilline masses. 

A 24 p.c. solution 
of the sodium salt 
remains clear on 
cooling; the salt 
is deposited only 
on concentration, 
when it«separates ! 
in crystals. | 

The sodium salt is 
excea'^ively solu- 
ble in water, and, 
when evaporated, 
dries np to a 
gummy mass. 


ICetliylortlioxjrplieiijloroMiiio aold, C**H**0’ * C•HXOCH■)c^.C*^^CO*lf. 
prepared by heating methylsalicylic aldehyde with propionic anhydride and sodium 
propionate, and precipitateil by hydrochloric acid, melts at 104'’- 106® ; dissolves 
very freely in alcohol and l^nzene, easily in petroleum spirit, but from a boiling soln- 
tioti in this solvent it is deposited on cooling in large leafy crystals arranged in fern- 
like groups. When heaieu in a watch-glfiss, it melts to a clear oil, and cry:>tallises 
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on eooUitf in small eircoUr discs xadiating tem a oenti^ and as thsts incrsassi thsj 
crack wiw each force as to cause the wat^-g|^ to emit a distinct sound each time. 
The crystalline mass often shou^ colours somlwha^like those of mother-of-pearl. 

The calcium, soli separates as a white crystalline pj^pitate on Adding ealeium 
chloride to a solution of the sodium salt. If the solution to very dilute, it ciystallises 
in beautiful groups of satiny needles ; it is more soluble *iu hot than cold water. The 
Utriitm 9aU^ sepa^tes in neeiiles apparently containiiig water of 

crystallisation, on adding barium chloride to a somewhat dilute soluti^rof the 
sodium salt, and leaving the solution to cool. It is rather soluble in cold water, ^ 
The silver salt is a white precipitate slightly ^Inblo in cold water. 

Mettiylortlioxjrpltoiijrlaiigelio acld^C'^H^^O’ = C*H^(OCH*)o.G^H* CO’H, 
was prepared by heating a mixture of methylsalicylic aldehyde, butyric anhydride, and 
sodium Duty rate, purified in the usual manner, and finally by conversion into calcium 
salt, precipitation with hydrochloric acid, and two erysUdlisat ions from alcohol. 
It then separated in hard needles about three-quarters of an inch long. It is voiy 
soluble in alcohol, much less freely in petroleum spiriL Melts at about 105*^ (Perkin). 

CXIVX’AMZC CXmrBJIKiU, (>IP*0 ^ C*H^CHO. The 

pure aldehyde, prepared by treating oil of cjissia or oil of cinnamon with an alkaline 
oisulphite, and decomposing the resulting crystalline compound by distillation with an 
alkali boils at 247^-248*=* (Perkin, Chem. S<yc. J, 1877, i. 403). 

CXWWJLKOBKJLJrSBUC or VKamnLOaLYCROTOWZO AOlBt 

CHOH-COOH (Kaeta Ukimori Matsmoto, DtnU 
Chem. Gfs, Bcr. viii. 1144). This acid is pro<luc^ by prolonged boiling (forty to sixty 
hours) of 1 pt. of cinnamic aldehyde with 100 to 160 pts. water, 6 to 6 pts. of 12 per- 
cent, hydrocyanic acid, and 7 to 8 pts. of strong hydrcx;hloric acid : 

C»U*-OU=CH— CHO 4 - CNH + 2H*0 + HCl - 
CHOH—COOH + NH^Cl. 

The still lukewarm liquid is freed by filtration from imalterod cinnamic aldehyde, 
then evaporated to dryness, and the residue is treated whh a small qiuintity of cold 
water to dissolve out the sal-ammoniac. On boiling the remaining portion wM a 
small quantity of water, and filtering oiT the undisrolvod oil, tlic phenvloxycrotonic acid 
separates in crystals contaminated with cinnamic acid, from which they may be freed 
by mixing the hot solution with ammonia an<l a slignt excess of lead acetate, filtering 
it from the lead precipitate at boiling heat, and decomposing the hot filtrate with sul- 
phuric acid. The yield does not exceed 4 or 5 pf*r cent. 

Phenyloxycrotonic acid crystallises in colourless transparent needles, melting at 
116°, slightly soluble in cold water, more readily in hot water, very easily in alcohol 
and in ether. It* alkali-siUts are obtainable only as very deliquescent crystalline 
nmsses. Their solutions give w'ith niiver niira/e a white fiocculent precipitate which 
soon turns black. The best crystallised phenyloxycrotonates are the barium lihd lead 
salts. The bariufti salt forms fine cr^'stals, havit^g, when dried at 1 00°.. 1 10°, the 
composition (C**H*0*)*Ba. The lead salt crystalUsoH from hot water in spherical 
groups of nc^les having the corap^^sition (C***H*0*)*Pb -i- 2H*0 ; sparingly soluble in 
cold water, and melting at 100° to a transparent vitreous mass. 

CXntBCOWXC A.cn>. See pYuocfTBic acids. 

OmUkBXSBOMOmOTARTABZO See Pyicotartabic acid, 

OXnMMLAJUC ACZB« An isomeride of Oxypyrotartaric acid, 

CZTBAYAJtTABZC ACZB. See Ptkocitsic acids. 

esrr»XO C*H*0’ = C*H*(OH).(CO%I)». This acid is now mado nlmoHt 

entirely from lemon-juice prepared trom windfalhi and imperfect fruit. This juice, in 
its unconcontrated state, contains from 8 to 9 oz. of acid in the gallon ; that expressed 
from the fhiit imported into England contains from 10^ to 12 J oz. of acid. The 
concentrated juice usually contains about 64 per cent, of free citric acid per gal Ion, 
and 6 or 7 per cent, ^mbined with bases; of the total acid al>out 8 per cent, consists 
ebiefiy of organic acids of tho’^cetic series : the unconcentrated juice likewise con- 
tains malic and aconitic acids. Concentrated bcrgamot-juice is much less acid than 
lemon-juice, usually containing from 49*4 to 66'5 oz. per gallon. The acidity of raw 
lime-juice is about equal to that of English prUeisod lemon-juice (Warington, C/t/im. 
Soc, J, 1876, 926-933). 

Ktiiimation of Citric acid in Lemon f nice . — No general method is known for sepa- 
rating citric acid from other organic acids ; but as calcium citrate is insoluble in 
water, whereas the calcium salts of malic and a<*ouitio acids, and of the volatile 
organic acids prcMint, are soluble, a doterminatioo of the quantity of insoluble organic 
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salt obtainable from the juice will give the percentage of citric acid wit^ sufficient 
accuracy for technical purposes. The^ollowing method is ^ven by Warington (^ 00 . 
eit.): — 15-20 c.c. of unconcentrsted lemonguice, oi^a quantity of concentrated juice 
equal to abotit 3 c.c., is ^zactly neutralised with pure caustic soda ; the solution, 
Timich measures about 50 c.c., or is concentrated to that bulk, is brought to boiling in a 
scklt-bath, and so much solution of calcium chloride is added as is known to be rather 
mor^than sufficient for the total organic acids Resent ; the whole is then boiled for 
half a^hour. The precipitate is collected and washed with hot water. As calcium 
citrates rather soluble in water, the filtrate and washings are to he concentrated in 
the salt-bath to about 10-15 c.c., the action being finally neutralised with a drop of 
ammonia if it has become acid. Tab second precipitate thus obtained is to be col- 
lected on a very small filter, the filtrate being used to transfer the precipitate to the 
paper, and the precipitate receiving only five or six washings with hot water. As a 
matter of precaution, the filtrate and washings may be evaporated a third time in the 
salt-bath. The precipitates, with their papers, are then burnt at a low red beat in a 
platinum basiu, and the neutralising power of the ash determined by appropriate 
treatment with standard hydrochloric acid and alkali. 

The following method fbr the estimatiou of citric and tartaric add, free or com- 
bined, is given by E. Fleischer (Arch. Thtirm. [3], v. 97) : — 

1. When the two Acids are ‘present in a liquid in the free state or combined with 
Alkalis. — The solution, if neces8ary,is acidified with acetic acid, and potassium acetate is 
added in excess, together with an amount of alcohol of 95° equal to twice the volume 
of liquid operated upon ; after an hour's standing the precipitate of potassium tartrate 
8 filtered off and dissolved in hot water ; and the acid is estimated by means of 
standard soda or ammonia solution. To the filtrate from the precipitated potassium 
tartrate a solution of basic lead acetate is added ; the precipitate of lead citrate is 
collected, after a while, on a filter, washed with a mixture of equal volumes of alcohol 
and water, and removed to a beaker, in which it is suspended in water; and sulphu- 
retted hydrogen is passed through this mixture. When the lead is completely re- 
moved, the liquid is filtered, boiled to expel sulphuretted hydrogen, and titrated 
with soda-solution. This method applicable in the presence of metals which are 
pfiKcipitated by sulphuretted hydrogen from an acid solution, provided that no acid 
but acetic (in addition to the two to be estimated) bo present. 

2. When Acids other than Aortic, and liases other than the Alkalis, are present, hut 
only sttch hoses ae form soluble conlpounds with the acids present, — If metals precipit- 
ablo by sulphuretted hydrogen are present, these are removed (zinc, after addition 
of sodium acetate), the precipitated sulphides being washed with hot water containing 
a lit tle acetic acid ; to the filtrate excess of lead acetate is added ; the precipitate, 
after being washed with a mixture of 2 vols. 6f alcohol and 1 vol. of water, is re- 
moved to a beaker; and ammonia (free from carbonate) is added. The solution, 
which , now contains lead tartrate and citrate, is separated from the insoluble part 
(which is washed with dilute ammonia). To the filtrate ammonium sulphide is 
added, then a little acetic acid, and the liquid is boiled until all sulphuretted hydrogen 
is removed. After filtering off the precipitated load sulphide, potassium acetate and 
two volumes of alcohol are added to the filtrate, and the pi’ecipitate of potassium 
tartrate is treated as already described. In the filtrate citric acid is estimated as 
ahovo ; but i^ the original liquid contained hydrochloric acid, a small quantity of this 
aciil will be found in this filtrate, in which case calcium chloride is added to tJie 
alcoholic liquid, followed by the addition of ammonia ; the precipitate of calcium 
citrate is collected, washed with alcoiiol, and dissolved in acetic acid ; and the liquid 
is precipitated w'ith lead acetate. T^e rest of the process is the same as that already 
described. 

3. When Lime and Phosphoric acid, besides theforcyoing Bases and Acids, arc pre- 
sent. — Aft.er the removal of the metals precipitable by sulphuretted hydrogen, ammo- 
nium acetate in excess is added to the filtrate, which is heated to boiling and filtered, 
and the filtrate, when cold, is precipitated with lead acetate ; this precipitate is 
treated with ammonia, whereupon lead citrate and tartrate pass into soluuon ; the 
remainder of the process is the same as that before dSiSicribed. 

That part of the precipitate* by load acetate which is insoluble in ammonia, is 
treato<l with caustic soda, ammonium sulphide is added, then n small quantity of 
acetic acid, and the liquid is boiled and filtered. The filtrate is divided into three 
portions ; in one part sulphuric acid is estimated, in another oxalic acid, and in the 
tlkird phosphoric acid. 

Estimation of Tartaric and Citric ai'ids in the Juice of Fruits*- — The juice, after 
being clarified ns far ns polsiMe, is precipitated with lend acetate ; the precipitate is 
collected, washe^l with aqueous alcohol, treated with excess of ammonia, and again 
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filtered ; ammoninm sulphide ifl added, then lead acetate ; and the precipitated lead 
sulphide is remoTcd filtration. Tartaric ^cid is xemoved as Mtassium tartrate ; 
ralcium chloride and ammonia ai|p added — tog^ier uiith a little alcoliol — to the filtrate ; 
the precipitate is washed with boiling lime* water in order to remove edlcium malato ; 
the residue is then dissolved in acetic acid ; the liquid is precipitated with load 
acetate ; and the citric acid estimated as already described. 

Estimation of the 7\do Acids in Itiso/tthle Sudstances, — Crude argol is boiled in 
dilute nitric acid. Ammonium oxalate is added in excess, and the liqu^^lltored 
while lint ; to the filtrate potassium acetate and alcohol are added. To tictermine 
the citric acid in calcium citrate, tiie substaiisiais dissolve<l in acetic acid, ^n*ecipitated 
with lead accbit/e, uiul the acid estimated in niis precipitate. Jf both acids are prO- 
sciit as calcium salts, the substance is dissolved iii nitric acid, the solution preoipi* 
tatetl with lead acetate, and the procipitjito treated as alretidy described. 

A method of estimating the amount of tartaric acid in commercial citrie acid, 
igreoing essentially with that of Fleischer, is given by A. H. Allen {Phann. J, TVans, 
[J{j, VI. 6 ; JahresfK 1876, 968). 

On the Adultcmtions and Impurities of Citric and Tartaric Acids, and on the pre- 
cautions to be observed in testing for these acids by means of n potassium salt, see 
A. H. Allen {Chem. News, 1876, xxxii. 277)- 

Actum of Sodium on Citric acid, — Kiinimcrer, by treating an alcoholic solid i<m of 
dehydrated citric acid with sodium, obtaiiuHi a pnsliict which he regardixl as hytirtt- 
^tric acid, (Is/ Sujtpl. 473). According Clans, however {Dettf, Chem. Ges. 

Iter. viii. 166). this supposed acid has no exist ence. When sodium acts on citric acid 
in the manner just mentioned, no hydrogen is nddod on to the citric acid, the quantity 
evolved as gas being equivalent to that of the sodium dissolvod, luid the whole of the 
citric acid originally present in the solution being recoverable from it after the action 
is over. Kiinimerer's so-called Jiydrocitric acid was, in fact, nothing but citric acid. 

Action of Hydrochloric acid. — Citric acid hoaiod with concentrated hy<lrochloric 
acid to 140°-1&0® partly boconu^ syrupy ami uncrystal lisable, and is partly converted 
into aconitic acid, and at 190®-*21)0'* into diccniic nc’id, with sepamtion 

of carbon monoxide and dioxide ; 

2C*U*0’ - + CO + 2C0» + 3li»0 

(Uergt. J.fur Chem. [2], viii. 372). 

Cltratas. Normal bismuth citrate, C*H*0'Bi, is obtained by heating 10 pU. 
basic bismuth nitrate, with 7 pts. crystallised citric acid, and 30-40 pte. water for a 
few minutes, till a drop of the mixture mixed with m^ueous ammonia forms u clear 
solution. Tlie crystalline mass is then to be treated with 8 or 10 tim^s its bulk of 
water, the solution decanted after some tifiio, the crystalline precipitate washed 8 or 4 
times in a similar manner, and then dried. On diKsolving this salt at a gentle 
heat in aqueous ammonia, and leaving the solution to cool, a crystalline* moss is 
obtained, which has the composition 4 3NH^OU - C*H»0’(NHV.Bi(01I)», 

and retains its solubility in water after drying over the water-bath. 

Normal ferric citrate unites with ammonia in like manner, forming the salt 
0*H*'0^(NH^)*.Fe(OH)*. In addition to the green 'normal ammonio-forric citrate, 
(C«H»O0*Fe(NH*)», there are also two acid double salts, yiz, (C«H»0’)*.Fe(Nli<)«H and 
(C*H*0’)*Fe(NH*)H®, which are likewise green. With excess of ammonia all three 
give brown solutions, which recover their grec-n colour but slom^ when treated with 
citric acid. By acting on normal ferric citrate with the salt C*Bf*0’(NH^)*.Bi(OII)*. 
the double salt (C*H*0^)*Fe(NH^)*.Bi(OH)* Is formed, the light green solution of 
which remains clear when acidulated witii oitric or with nitric acid (R. Rother, 
Pharm. J. Trans. [3], vi. 764). 

Citric Btlicrc (Hunaus, Deut. Chem. Ges. Per. ix. 1749). Trimethylic 
citrate, C*H*(CH*)*0^ — produced, together with the two acid ethers, which are 
difficult to separate from it, by saturating a solution of citric acid in methyl alcohol 
with hydrochloric acid gas (i. 1001) — forms hard crusts, like milk-sugar, and separates 
from dilute solutions in wcll-defin^ triclinic ciy'S^ahi melting at 7fi'6*^-79®. It boils 
at 288^-287^, and is at the same time partly resobTed into watf*r and trimethylic 
aconitate, C*H*(C11*)H)». boiling at 270®-271®- By boiling trimethylic citrate 
with a quantity of potash not sufficient for its complete decomposition, no salt of 
either of the acid citric e^eni is formed, but a portion of the neutral ether is con- 
verted into neutral potassium citrate. 

Phosphorus ji^itachloride convariM trimethylic citrate into trimethylic mono- 
chlorotricarballylate. C»H“ClO-C*H«Cl(CO.OaH»)*. which separsfi*, on 
pouring the product of the reaction into ice-cold water, as a thick colourless oil. and 
IS resolved by heat into hydrochloric acid and trimethylic aconitate. 
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Bodimti acts strongly on trimethylic citrate ; but the product treated -with ethyl 
bromide yields nothing but aodium bromide and resinous products. 

Trimethylic Acetylciirat^f = C*H*(0C®H*0).(C00CH®)*, obtained by 

heating trimetfcylic citrate qn the water-bath with 1 mol. acetyl chloride, is a colour- 
less liquid boiling at 280‘^-*282‘^. On boiling it with 1 mol. sodium ethylate and 
absolute alcohol, sodium accfate sciiarates out, an^bthe filtrate when evaporated leaves 
a viscid uncrystal I i sable mass, yielding by saponillcation nothing but aconitic acid 

Et hylic Citrates (Claus a. lloennofahrt, Deut. Chem. Ges. lier. viii. 866). 
Triothylic citrate, if perfectly afih|^rous, is not acted upon by sodiuvi-amalgam, 
even if it be diluted with ether; but on adding water by drops, a reaction is set up, 
resulting, however, not in the reduction of the citric acid, but in the replacement of 
one ethyl-group after another by sodium, according to the quantity of water added. 
When the reaction is over, it is best to add ether, separate the mercury, and agitate 
the turbid ethereal solution with an equal volume of water. The unaltered neutral 
citric ether then remains in the ethereal layer, and the sodium salts of citric, mon- 
ethylcitric, and diethylcitric acids pass into the aqueous solution. This solution is 
to bo evaporated to dryness, and the residue exhausted with strong alcohol, which 
dissolves the whole of the sodium diethylcitrate, and part of the less soluble mon- 
otbylcitrate, these salts being afterwards separated by their different solubilities in 
alcohol. The residue, insoluble in alcobol, is dissolved in water; and the citric acid is 
precipitated by lead nitrate, the easily soluble monethylcitrato of lead then remaining 
in solution. 

Monethylcitric acid, CW(C2H*)0^=:C*H^(0C2IP).(C0®H)*, ciystallises in 
fan-shaped groups of thin prisms with truncated end-faces. It dissolves easily in 
alcohol and other, and when boiled with excess of potash-ley yields a distillate which 
distinctly exhibits Lichen’s alcohol reaction (prcxiuction of iodoform by heating with 
iodine and potash^ Is^ Suppl. 693). The sodiu7n salt forms tran.sparent, mostly well- 
defined prisms, which easily deliquesce when exposed to the air, and are extremely 
soluble in water. The solution is not precipitated by barium chloride or lead acetate, 
but on heating it with caustic baryta, *alcoliol is formed, and barium citrate separates 
out,*' The silver salt dissolves readily in water, and maybe crystallised therefrom.* 
without much decomposition, in rhombic tablets. By prolonged boiling the silver is 
reduced, but not in specular fornt: The barium salt (steplike groups of crystals) 
njid the lead salt (an indistinctly crystalline mass) are very soluble in w'ator, and de- 
compose at 100°, with formation of alcohol and citric acid. 

Diethylcitric acid, C*H*(OC’‘*H*)XCO*Il)*, appears to be uncrystallisable. Its 
sodium salt is deliquescent and easily soluble in alcobol. The Ijarium and lead salts 
aro easily sofliblo hygroscopic syrupy masses, which by prolonged heating at 100° are 
resolved into alcohol and the corresponding citrates. 

Omdrocitrlo acldt C^II^CIO*, is obtained, not directly from citric acid, but by 
the action of hypochlorous acid on aconitic acid in aqueous solution. It is scluble in 
water and in ether, nncrystallisable, and has corseqiiently not yet been obtained pure. 
It is easily decomposiblo, and when heated with water yields hydrochloric acid and 
oxycitric acid. When impure chlorocitric /tcid (still containing aconitic acid) is 
subjectod to th6 reducing action of zinc tfnd hydrochloric acid, a crystallisable product 
is formed, which appears to be a mixture of citric and tricar bally lie acids (Pawolleck, 
I4ebig"s Annalen, clxxviii. 160). 

Oxyoltrl^ aoldy C*H®0* = C*Il"(OH)^CO*H)* (Pawolleck, loc. cit.) Formed, as 
just mentioned, by decomposition of c^lonocitric acid. It is prepared by dissolving 
174 grams of aconitic acid in a liter of water, adding sodium carlxmato until the 
solution is slightly alkaline, and then a liter of hypoKilorous acid containing 65 grams 
of HCIO. When the smell of hypochlorous acid has disappeared, the required quan- 
tity of bydi'oohloric acid is added, the solution isevaporatra, and the residue exhausted 
with ether-alcohol, which is distilled off. The residue is then dissolved in water, 
and the solution heated with milk of lime until the bulky precipitate becomes 
granular. The calcium salt is decomposed with sulphuric acid, th** free acid dis- 
solved in alcohol, aud after the (>xcess of sulphuric acid has been removed by baryta, 
the alcohol Js evaporated, and the dark residue purified by precipitating its solution 
with lead acetate, and decomposing th( lead salt with hydrogen sulphide. 

Oxycitric acid does not crystallise, but forms a viscia deliquescent mass, having an 
agreeable sour taste. It is a tribasic acid — that is to say, it contains three carboxyl 
groups CO*H; but, like citric acid and other similnr acids, it can also form tetra- 
metailic salts by substitution of a metal for hydrogen in one of the alcoholic hydroxyls. 
The oxy-citrates of alkali-metal do not crystalliBc, 
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The cahiumMU^ (C*H*0*)*Ca* + 9H*0. is e ball^ amorphcme pM4»itote, which 
on heating changes into micro9<K>pie needles, dissolTCCJreadilj in dilate acetic acid. 

The SaHum salt, (C*H*0*)^* + 5H*0, il an ^unoi^ous white powder, which 
when heated with water becomes granular, and is even less scliiMe than the calcium 
salt. 

The cadmium salt, (C*HH>*)®Cd* + 6H*0, b«diave8 likd the other salts, the amor* 
phouB precipitate changing on heafTiig (very quickly at 130^^) into microscopic, trans- 
parent. rhombic plates. 

The copper salt, (0*lI*0*)*Cu* + is very freely soluble in watorf^nd does 
not crystallise. Alcohol precipitates it as a i ' ^ • . • - _ 

The ethvlio ether, OH*0*(C*H*)*, is ootained by the action of hydrochloric 
acid on an alcoholic solution of the acid. It is a dark yellow oil having a very bitter 
taste. 

Witreeltsie aold, C*H^(NO*)0* (Champion a. Pellet, Soc. Ckim. [^2]. xxiv. 
448). This acid is formed by gradually adding dehydrated citric acid to a mixture of 
1 pt. fuming nitric acid and 2 pts. sulphuric acid. If the solution is concentrated, 
the nitro>acid separates in cryst^s after a few days. The mixture is pouriHl into an 
excess of water, rise of temperature being avoided ; the sulphuric acid is removed by 
barium carbonate ; the filtrate saturated with alkaline carbonate and precipitated by 
excess of triplumbic acetate ; and the washed precipitate is decomposed by hydrogen 
sulphide. Or the solution, after being freed from sulphuric acid, is saturated with 
baryta, whereby a precipitate of iiitroci irate and nitrate of barium is produced ; the 
latter salt is removed by washing with water, and the nitrocitrate is decomposi^ by 
the exiict quantity of sulphuric acid required to remove the barium. 

Solutions of iiitrocitric acid must not be too much concentrated by evaporation, or 
they will decompose even in a vacuum. The acid is insoluble in ether, but alcohol 
dissolves it in all proportions. The alkali salts are crystallisable. The barium salt 
has the composition [C*H\N0»)0’]’Ba» ; the lead salt [C*H*(N0«)0’]*Pb*. 

Pthocitric Acids, 0*H*0*. 

Formation * — The normal product of the decomposition of aconitic acid b^T heat 
is itaconic acid; all other products obtained in the dry distillation of citnc acid 
are formed by secondary reactions. At very high^ temperatures, or after prolonged 
heating, the chief product, iscitracoiiic anhydride, which. indeiHl, has long l^n 
known to result from tlio action of beaten citraconic and itaconic acids (i. 994); 
mesaconic acid undergoes the same decomposition at its boiling point (250^). On the 
other hand, a temperature of 100®-17S® appears to be favourable to the formation of 
itaconic acid, os in Willm’s process for preparing that acid from cifTaconic acid 
(1st Sujj^, 760). When, however, a concentrated solution of itaconic or citraconic 
acid is heated to 180^-200'^, the liquid is found to contain a considerable quantity 
of mesaconic acid, carbon dioxide and an empyreumatic oil being formed at the 
same time (Th. Swarts, Bull. Acad. Romaic Belgique [2], xxxvi. No. 7 [1873]). 

Electrolysis . — When a solution ^»f potassium citraconate is subjected to the 
action of the voltaic current, carbon dioxide is given off at the positive pole, together 
with ordinary allyleno, CH’—C^CU; which .precipitates silver and copper solutions. 
The electrolysed liquid appears to contain acrylic and mesaconic aci^. Mesaconic 
acid likewise yields by electrolysis an aliyiene which precipitates silver solution, the 
other products being apparently itaconic and acrylic acids. Itaconic acid > on the other 
hand, yields /S-allylene or allene, GH*=:C=CM^ (p. 62), which does not precipitate 
silver or copper solutions (Aarland, J. pr. Clicn^ [2], vii. 142, 146). 

Actum of Zinc-dust.-^itm-, ita>, and mesaconic acids, subjected in alcoholic 
solution to the action of zinc-dust, are converted into ordinary pyrotartarie acid, 
itaconic acid less quickly than the other two acids. The same transformation is 
effected by sodium-amalgam (Bottinger, Dent. Chem. Oes. Ber. ix. 1821). 

Addition-products and Constitution of the Pyroeitric Acids (Fittig, 
Liebig's Annalen, clxxxvii. 42 ; Deut. Chem. Oes. Ber. z. 613). 

Citraconic acid and its anhydride dissolve readiljr in fuming hydrobromic acid, and in 
the course of afewdn^fs are converted into bard, shfning monoclinic crystals of ci tr a- 
bromopyrotartaric acid melting at 148®., On prolonged boiling of *Sts aqueous 
solution, this substance gives off the whole of its bromine ns hydrogen bromide, and 
is resolved into meihaciylie and mesaconic acids : in alkaline mdution. it is decom- 
posed much more rapidly on warming, yielding almost exclusively mcthaciylic 
acid : ^ 

” C*H*— CO-ONa + NaBr + CO». 
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Tbi« of dtralwomopyiotartaiie acid affords the best means of preparing 

methaoz^lic add, which magiithns he easily obtained in large quantity. 

Itaconic acid does not dissoWin faming bydiob]^mic acid, but when finely pal- 
VArisod and leftin contact mth the acid for some days, with occasional agitation, it is 
completely converted into hard monoclinic crystals of itabromopyrotartaric acid, 
differing in form from those of citrabromopyrotart^ric acid, melting at 137®, decom* 
posecFW prolonged boiling with water, or by once boiling with solution of sodium 
carbonaoh,, 

Mosaconic acid, like fumaric acid, is not attacked by hydrobromic acid at ordinary 
temperatures, but by prolonged hoatingfwith water at 100° or 140°, it is converted 
into a bromotartaric acid identical with that which is produced from citraconic acid 
at ordinary temperatures. 

Similar differences are observed in the behaviour of these acids with bromine — 
citraconic acid uniting with that element very readily at ordinary temperatures, 
mosaconic acid only on warming. Both the dibromopyrotartaric acids C®H®0*Br* 
thus obtained crystallise easily ; that from citraconic acid melts at 150° ; that from 
mesacouic acid at 170°. By prolonged boiling with water they are resolved into 
carlioii dioxide, hydrogen bromide, and bromomethacrylic acid. 

In their behaviour to bromine, hydrobromic acid, and nascent hydrogen, the 
pyrocitric acids resemble maleic and fumaric acids, yielding with hydrogen identical 
products, with bromine isomeric products, and with hydrobromic acid cither isomeric 
or identical products, according t-o the manner in which the atoms of the hydracid 
are aUachetl. Moreover, citraconic acid resembles maleic acid in the facility with 
wliich it forms additiou-products at ordiaary t-omperaturcs, whereas itaconic and 
mesa(‘onic acids — espei-ially the latter — resemble fumaric acid in requiring the aid of 
lioat Ui enable the addition to take place. For this reason Fittig regards ronleit* and 
eitnicoaic acid as coiiipoinids in which the combining capacities of l)ie carbon atoms 
are not fully satisfied ; fumaric, itaconic, and mesttconie acids, on the other hand, as 
compounds in which two of the carbon atoms are doubly linked; thus — 

* CU— CO— OH 

tin— CO— OE _ 

Finn aria add. * 


ClI'— CO— OH 
CO— OH 

Maleio odd. 


CH« 

1>-C0— OH 
. (ilP— CO— OH 

Itocoulo acid. 


CH» 


!— CO— OH 


3H— CO— OH 

Meaocouic acid. 


CH» 

Ah— CO— OH 

r=A— CO— OH 

Citraconic acM. 


Meilly, on the other hand {LieMg^s Annalen, clxxi. 181), represents citraconic as 
well as itaconic acid by a formula coiitniuirig a piir of doubly linked carljoii-atoins ; 
thus — »* 


CH» 

A— CO’H 

Uh— CO’H 
Oitrocooic. 


CH-^ 

ij-, 


CO»H 


M*— CO*H 

IteoonJo. 


These formulae readily account for the formation of the two isomeric allylenes by 
electrolysis of these two acids (p. 62). Citraconic acid, subjected to electrolysis, 
yields, by elimination of 2CO* and 2H, ordinary a^ylene CH* — CP^CH ; and itaconic 
acid, in like manner, yields /9-allylene or allene OH^=Gb=:CH^ An acid constructed 
according to Fittig^s formula of citraconic acid could not yield ordinary allylene 
except by transference of a hydrog]Bn-atom from the middle to the end carbon -atom. 


MeillVit fonnula for citraconic acid is further supported by the fket observed by 
Swarts, UxStt the bromocrotonic acid detained from citradibiomotartaric acid is CDn« 
verted by the action of sodium-amalgam into isobutyric acid. Hence it appeam that 
two acids with similar carbon structure, like itaconic and citraconic aci^ (C — C=G). 
can yidd separation of an atom of carbon, in the one case, an acid with normal 
carbon-linking (succinic acid^from itaconic acid through the niedtum of aconic acid, 
2wd SuppL 22), in the other an acid with branched carbon-linking (isobutyric acid 
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fVom citracouic acid through the meflium of citradibromopyrotHriario aotd). 
result is ei^Iahied by the following e^Mtion^ — 


CH* 




CH* • 

i— CO’H + Hr* 
ijn— CO«H CHBr-CtPII 

Cltnooiiic. CitnuUbt'oiuopyrotiirtArlc. 

CIV 


CM* 

I • 

CBr-Cp«H 

I 


!:Br— CO*H - + HBr + t;~CO=H 




:HBr— CO-U CHBr 

MorjoJnvunorrotnn Ir. 

CIi> 

CII~CO-n + II Br 

laobnt.vrlo, 

L. Henry {Bull. Soc. Chim. [ 2 ], xxiii. a47) fomudateH citrm’onio and itaoonic acids 
in the same way as Meilly, and represents inesaconie neid l\v the tbrrnnla 

CWH 

in 


CIP 

(i- com + ii‘ ^ 
HaBr 


cii com 

This acid when eloctrol 3 'sod 3 'ields ordinary allylmo, a h^'d^ogen-ntom being IranKfcmHl 
from the middle CH -group to the CH*-group. 

Morawskt {J.jjr. Chem. [2], xii. 396) rogarifs this fornmlii of mosneonie iieiVi as 
inadmissible, on tlio ground that the broinoerotonic acid, C*lPBrO*, obtaiinxl front 
luesadibromopyroturtaric acid is eonvcrttHl swliuni-ainalgam, like that obtainr'd 
from the corresponding citm-compoiind, into isobutyric acid, and is therefovn pro- 
bably identical with the bit ter. Mur<M/ver, the formation of etio and tho same crotouic 
(methacrylic) acid from citraconic and from niesiii’ojiic acid, and tho pnxluction of 
chloroeitr&n^ic acid by the atdioii of chlorine on inesticonic acid, load to tho conclu- 
sion that mesaconic acid, as well as vitraconic aciil, contains a methyl-grcop. 

Citsmeonto Aold and Anliydrlde. Citraconic anhydride is formerl, 
tf^ether with pseudoprojiyl alcohol' and a amall quantity ot pscudopropyl citraconatc, 
by tho dry distillation of oxypyrot-artaric iiri.l. Its formation is represented by the 
equation 

^ H»C 0(011) H H»0 C < 

I =11 >0 f 2H''0 

Jl-0-CO‘II \\C CiX 

(Demai^ay, Compt. rend. Ixxxii. 1337). *- 

When citraconic anhydride, 0*11*0*, is gently heated in a retort., it begins to evolve 
oarboD dioxide at 160*^, and on continuing the lyMiting till tho tempcratifte gradually 
rises to 190®, the contents of the retort become converted into a brown very viscid 
mass, which, when distilled, first yields a smaiPquantity of citraconic anhydride, and 
afterwards, at 220 °- 270 ®, a browu oil insoluble in water, a carbonaceous residue being 
left in the retort. The brown oil distilled with water yields a distillate of xeronic 
anhydride, C*H’*0* (Fittig, Btr. ix. 1189). See Xanoific Acid. 

Citraconic anhydride heat ^ to 115^ with carbamide (urea) yieldn carbon dioxide 
and citraconamide: 

^ co<N“: = co«. + c*h*<««nh« 

With tkiacarbamide at 130®, on the other liaj^d, the prrxluct consists of* (■itracr>- 
thi oearbamic acid (p. 387) : 

+ CS<NH« - ‘^’«'<OONU ^ 

Aeiion of Chlorine on Sodium Citraeomiie . — When clift>riDe is allow**d to act for 
several days on sodium citraconate, chlorocitramalic acid (p. 616) is formed, 

3nf Sup. If L 
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together Mtith a heavy yellowish green oil consisting chiefly of a mixture of trichlo- 
robutyric held and an indiflerent substance of penetrating odour; a further quantity 
of this oil is obtained by adding hydrocMoric acid to the aqueoiia4Bup6i‘>u4|ilt liqUir 
and hekting i^ retort to 100°, w^hereupoo a di^ill4:e of water add > the^oil sb 
passes over. 'Ey neutralising with soda and treating with etheiy^^- ^ ’ 

18 removed, and by acidulatipg the sodium salt and i ' * 

chlbrobutyric acid is obtained as a yellowish oil f)^m which " 
obtaiUM by careful distillation at a low temperature and conce 
acid; Edition of a fragment of acid already crystallised i 
causes it to ciystallise, the crystals melting at 60°. Even 
it volatilises, subliming in glistening needles if the atmosphere i 
at 140°- 14 6° it becomes yellow, and evolves bubbles of gas. The ammonium andl^a 
salts crystallise well. Boated to 100*^ with strong bases the acid is resolved into hydro- 
chloric and diclilorocrotonic acids, = HCl + C'*H*C1*0® The dichlorocrotonic 

acid thus obtained is volatile, crystallises by sublimation, or from a hot aqueous solution 
in long needles, and melts at a gentle heat (Gottlieb, «/. pr, Chem. [2], xii. 1). 

The action of chlorine on sodium citraconate has been further studied by 
Morawski {ibid. xii. 369), who finds that the formation of trichlorobutyric acid is 
independent of that of the indiflbrent oil, since the solution of sodium citraconate 
saturated with chlorine to a certain degree, yields, on addition of hydrochloric acid, an 
oily precipitate^ of pure trichlorobutyric acid completely soluble in aqueous sodium 
carbonate. The production of trichlorobutyric acid is due to the previous formation 
of mono ch lor ocrotonic acid, which is converted into trichlorobutyric acid by 
addition of 1 mol. chlorine. The monochlorocrotonic acid may in fact be isolated by 
arresting the action of the chlorine at a certain stage, and separates in slender silky 
noe<llc8 melting at 58’6° ; it is identical with that which Gottlieb obtained by acting 
on the same trichlorobutyric acid with zinc-dust and hydrochloric acid (see Crotonic 
acids), and is formed by tlecom posit ion of citradichloropyrotartaric acid, which is the 
first product of the action of chlorine on sodium citraconate. 

The indifferent oil which is usually formed t^j^other with the ti’ichlorobutyric acid, 
consists mainly of trichlor/icetone, if the action of the chlorine has been carried 
far enough ; in the contrary case lowep chloracetones are formed. The trichloracetone 
thus obtained is reduced by sodium-amalgam to acetone, and is resolved by treatment 
witli the calculated (juantity of barium hydrate into acetic acid and chloroform : 

C»H*C1’*0 +* + CirCl». 


Accortliiig to the last reaction, it is identical with the trichloracetone which Kramer 
obtained by the action of chlorine on the mixed products formed by oxidising com- 
niei’cinl isobntyl alcohol with chromic acid mixture (p. 25). It is a colourless very 
mobile oil, the odour of which is not unpleasanf, but becomes sharply pupj^t on 
heating. It is not quite insoluble in water, but the solution becomes turbiilPlM 
hcjit of the hand. In thin layers it volatilises at ordinary temperatures; Itdisrolres 
in strong hydrochloric acid, and separates unaltered on dilution. 

The series of actions taking place when chlorine is passed into. a solution of 
sodium ciLraeonato may be represented by the following equations : 

(1.) C*H^Na*0* -h CB = /JMT*Na=^Cl*0^ 

' Sodium * Sodium fitradicliloro- 

citnuxinate. , pyroturtrate. 

C'H^NasCTO* « C«H*NbCIO» + NaCl + CO». 

CltTftdicbloro- Monochloro* 

pyroturtrate. crotonate. 

Cni"Na*Cl*0* + H*0 = NaCl + C»H«XaC10*. 

CitrAdicbloro- * ■ Acid monochloro- 

pyrotartrate, citramalate. 

(4.) C'll'NaClO® + CWNaClO* = C*H*010* + C*H^WClO*. 

riiloTtx’rotonatC!. Acid cbloro- Cblurocro- •''hlorocltra- 

citramalate. tonic acid. malato. 

CBI*ClO= + CP - C*H‘Q»0-. 

CblorrH^x)- TricUlorO' 

tonic acid. imtyric acid. 

i^'H'NVClO^ + CP « C»H»G10 + 2 NaC1 + 2CO*, 

ridorocitra- Monochlor- 

malnte. acetone. 

(7.) + CP C»H»CPO + 2HCI. 

Mmochlor- Trkshlor- 

acetone. acetone. 


(A.) 


c-j.) 

(3.) 
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CAforocitritconio Anhi/rdridcy i» formed, togethw -with water, by 

the action of^ behfc on chlorocitramaUc eeid,^d is most conveniently p reptvred by 


eting 

_ isuhl 
"^ffodd 



luting ^ retor# placed in an air-batb. The anhydride 

sohranee inutile neck of flie retort, and ma3i*l>o taken out time to time, 

Uie air from small quantities of i# strongly-sniSling substance 
purified by repeated sublimatioa. 

i^j^ride crystallises, like the corrosj^nding biomine-conwdiid, 
i shining, colourless, crystalline laminie. It has an UjWeable 
ijihsies at 100®, sublimes at a lower tem feature, and gr^iEally dis- 
to the air. It dissolves very slowly in cold, more quickly in hot 
_ Limrted thereby into the acid, easily in alcohol and in oilier. On 
ipomtihg the aqueous solution, the acid volatilises almost completely with the 
aqueous vapour, so that very little of the anhydride is left. The ethereal solution, on 
the other hand, leaves on evaporation au oil, winch wlien touched solidifies to the 
crystalline anhydride. 

Chlorocitraconic acid, C*H*C10*, is not known in the solid state; it is con- 
verted by nascent hydrogen into pyrotartaric acid, 

The metallic clilorocitracooates are not decomposiMl by boiling with water, or during 
the evaporation of their aqueous solutions. The amm&niH?n mil is easily soluble in^j^ 
water, and ciystallises in netKilcs. The sodium salt is very easily soluble, and ctys- 
tallises only from very concenlraftH;! solution.**. The harium salt, C*H*C10*Bn + 3 JH*0, 
is obtained as a precipitate sparingly soluble in water; it dissolves in aqueous cnloro- 
citraconic acid, forming an acid salt which crystalliscM in shining needles. Ths 
calcium salt, C*II*ClO*Ca, forms microscopic nodules slightly soluble in wnt;er, less 
soluble in nlwjhol. The lend salt, C‘II*Cl()*Pb. is a white amorphous precipitate. 
The siltfer salt, C*H*ClO*Ag-, is slightly soluble in cold, easily in hot water, and 
separates from this solution in small ciystals. It dissolves also in the aqueous acid, 
and is thereby convortetl into an acid salt, C’^H^ClO^Ag, which crystallises in shinin|; 
colourless prisms, more soluble than the neutral salt (Gottlieb, J. pr. Chem. [2], vii. 
78 ; Swarts, Bull, Acad, royal. Jidyiqttc [2], xxxiii. no. 1 [1872]). 

ClltramAlte AoM, 0^11*0^. This acid, homologous with malic acid, was dis- 
covered by Carius, who obtained it by the actfbn of sine on an aqueous sobitlbti of 
chlorocitramalic acid, C^H'CIO^, the product of the action of hypochlorous acid on 
citmcoiitc acid: + HCIO « C*u’C10‘ (Is^ S%ppl, 471), or of chlorine on sodium 

citraconate (see last page). A 10 per cent. teJution of the chlorinated acid is 
heated with metallic zinc as long as gas continues to escape, then neutralised with 
ammonia and precipitated by lead acetate, and the well-waslied precipitate is decom- 
posed by hydrogen sulphide. The flltrat»*, after decolorisatlon by animal charcoal, 
leaves j^re dtmmalic acid (Carius, ../f 7m. Ch. Phan^i. <ixx\x. 164). Tbiojacia is also 
r kho action of hydriodic acid on oxycitraconic acid, C*ll*0'‘(MoraWHky, J. pr. 

1 . xi 69). 

die add forms an amo^hous deliquescent mass, which melts above 100®, 
and deoomppsed by dry distillation. It is bi basic. The amtnofiium salt, 
QfH*^(NR*)*, and the potassium salts, C*n*0*K^ are crystallisable, and molt in their 
'itrattf of crystallisation when heaUHl. The Imrium sn//, C*H + H*0 (at 100®), 
disewves sparingly in cold, freely in l^iiing water, and in the free acid, and forms 
soluble double ealte with the salts of the alkali -metals. The lead sail, C*H*O^Pb, is 
obtained by palpitation in W'hico flocks, which become granular when Tailed with the 
liquid.* The silver salt, obtained by precipitation of the c*>ld solutions, is amozphoiis, 
Resolves in water at 60®, crystallises on cooling, and is decomposed on heating the 
solution above 60®. 

Chlorocitramalic acid, C*H’C10*. foirmf shining rhombic crystals, easily soluble 
in filter, alcohol, and ether, meltp •and partly volatilises at about 100®, solidifies on 
cpoloig to an amorphous mass, and distils with partial decomposition at a higher 

»mtnre. It is a bibasic acid. The neutral potassium salt, C*H*CIO*K*, is crystal - 

lie, tha silver salt, C*H*ClO*Ag’, separates on treating the free acid with silver 
ate in white dendritic crystals which decc^mpose easily when heated, with forma- 
tion of silver chloride. 

.'Chlorocitramalic acid h«at& with water in a sq^Ied tube, is resolved into citra* 
^tary»ic acid, C*H*0’, carbon dioxide, hydivsihlorio acid, and acetone: ^ 

: /m-- 20H’ao» + n*o « c»h*o* + + 2co» + 2nci. 

OxwottFManle MMU (Bicuawsky. J. for. Chtnn. [2], x. 70 ; xi. 430). 

This acid is formed, together with citratartaric acid, and acetone, when 

chlorocitramalic acid, its barium salt, or its cthylic ethA*, is br>ilcd with excess of 
laTyta; 

x. L 2 
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20^010* - C‘H*0‘ + C»II*0 + 2CO> +* 2HC1. 

C‘H*0‘ + H»0 = CWO*. 

' ‘10 ^ 

To prepare oxycitraeonic acid^csmonochlorocitramalic acid is dissolved in boiling 
water, excess of baiyta-wat^ is added, and the liquid is boiled as long as carbon 
dioxide continues to escape, then quickly filtered. On cooling, it soUdifies to a 
pulp consisting of needle-shliped crystals of barium oxycitraoonato, which may be 
colleeted on a filter and washed with cold water! By decomposii^ this salt with' 
hydrochloric acid, and agitating with ether, the free acid is obtained as a ccdourless 
crystallineSnasB. ^ ^ ^ 

Oxycitraconic acid crystallises from water in beautiful prisms, which dissblve veiy 
easily in water, alcohol, and ether. It does not lose weight at 100^, but softens at 
120^-130°, and swells up to a spongy mass (citratartaric anhydride?), the aqueous 
mdution of which exhibits all the reactions of citratartaric acid. Oxycitraconic acid 
is also converted into citratartaric acid by heating it with water to 110°~120®. It 
does not react with bromine or with sodiutn-amalgam, but when heated to 100^—110® 
in sealed tubes with excess of concentrated hydriodic acid^ it is converted into citra- 
malic acid (p. blA). Oxycitraconic acid unites with hydrochloric add^ forming hy dr o- 
, chloroxy citraconic acid, C*H^01O*, isomeric witn chlorocitramalic acid. 

Oxycitraconic acid is bibasic, forming acid and neutral salts. The neutral oxy- 
citraconates of the alkali-metals dry up over oil of vitriol to tenacious masses, and are 
gradually precipitated from their aqueous solutions by alcohol in viscid drops. The 
neutral ammonitim salt, 0*H*(NH^)*0®, crystallises, after prolonged standing over 
sulphuric acid, in radiate groups of needles. The acid ammonium salt, C“H*(NH*)0*, 
forms microscopic prisms, often with re-entering angles. The acid potassium salt 
forms microscopic prisms less soluble than the free acid. The neutral barium salt, 
C*H^BaO* + 4H-0, forms shining needles, freely soluble in hot, nearly insoluble in 
cold water ; gives off its water over sulphuric acid. It is not decomposed by boiling 
for a day with water, but when heated with water to 120° it yields first citratartrate 
uf barium, then carbon dioxide and an oily lx)dy. The neutral strontium salt, 
+ 4I1-0, resembles, the barium salt, but is more soluble. The calcium salt 
is very soluble, crystallises in microscopic flattened pyramids, and is precipitated 
from*iiquoous solution by alcohol as a granular powder. The maynesiu/m, cadmium, 
cobalt, and ttranium salts, tlry up to gummy masses. The lead salt, 20*H*PbO* 4* 9H*0, 
forms silky, very sparingly soluble.ueedles, which give off 8H-0 over sulphuric acid or 
at 100°, and begin to decompose at 1^20°. It cannot be rccrystallised from water, as 
it is thereby partially decomposed. Heated with water to 120“, it is converted into 
citratartrate. The silver salt is a white precipitate, which very quickly turns brown, 
and when boiled with water is immediatuly decomposed, with separation of metallic, 
silver (distinr^tion from cit ratartaric acid). The 7Kcrcurous salt is a white precipitate 
which, when boiled M'ith the liquid, turns grey and partly disappears. 

With ferric chloride, neutral potassium oxycitraconate forms a reddish-brown 
precipitiii:e, which dissolves in excess of either reagent, and -when boiled with the 
liquid containing ferric chloride, disappears completely, with evolution of carbon 
dioxide and a pungent vapour which does not redden litmus, the liquid at the same 
time turning bluish-green, and being afterwards found to contain ferrous oxide. If 
the precipitate ho boiled after washing with water, the decomposition -phenomena are 
less marked, aiAl only traces of ferrous* oxide are produced. With ferrous sulphate 
sodium oxycitraconate does not form any precipitate at ordinary temperatures, but on 
boiling the liquid, a dark-coloured precipitate is formed, with evolution of carbon 
dioxide. With chromic sulphate, a whydsh-green precipitate is formed, which likewise 
disappears on boiling, with evolution of carbon dioxide. 

Alkaline oxycitraconates do not forfh precipitates with salts of aluminium, man- 
ganese, cobalt, or nickel. * < 

Hydrochloroxycitraconic acid, 0*H’ClO*, isomeric with chlorocitramalic 
acid, IS obtained by beating oxycitraconic and fuming hydrochloric acid together to 
100°-110° for an hour in sealed tubes. The nearly colourless liquid thereby pro- 
duced deposits the hydrochloroxycitraconic acid after a while in thin nacreous rhombic 
lamime. e 

Hydrochloroxycitraconic acid is&t'asily soluble in water, and crystallises therefrom 
witli unusual facility in fine rhombic tables. It is very soluble also in etfaer. It 
melts at 160^-162®, apparently undorigbing decomposition. A solutiou of the freshly- 
prepared ammonium salt gives a white fiocculent precipitate with silver nitrate, 
followed after a time by a precipitate of silver chloride ; and a bulky white precipitate 
wiUi neutral lead acetate, soluble in excess of the acetate. Barium and calcium 
chlorides give no precipitate hi first, but after standing for some days a precipitate is 
formed consisting partly of carbonate and partly (in the case of banum) of oxyeitra- 
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conate. In preaence of bases hydToohlorojnrcitracoDic^acid is mostly decomposed, with * 
complete elimiDatlon of chlorine: l)oilin(^ neutral ^solution suffices to render the 
whole of the chlorine precipifisble by silver nitrite. This decomp^ition takes place 
in two wa^s, according as the base is present in excess or in sufficient quantity only 
to neutralise the acid. Hydrochloioxycitractmic acid vfiicwfra/isrd with baryta-water 
yields a perfectly clear solution which on Ixiiling gradually becomes iurbid^^d at 
length deposits barium carbonate, at tlie same time evolving carlxin diou^ and a 
disagreeably lanelling substance. After filtration the liquid eoutains^only barium 
chloride and oxycitracouate. Ihit in presence of rxa'sa of Iwiryta-wator, the liquid 
remains clear on boiling, and the only products of Uie docoiii posit ion ore barium 
chloride and oxycitracouate. The latter dccomjxisifion takes place in a few hours, 
even at the ordinary temperature. 

Hydrochloroxycitraconic acid is readily convert e<l into ci t ramali c acid by the 
action of »odium^<ima/ffam. When submitted to dry distillatiou it yields propioniO'’ 
acid, hydrochloric acid, and oxides of carbon : 

C^fl»C10» - CO* + IlCl + CO + 

This decomposition differs entirely from that which monochlorocitramalic acid unddl^ 
goes when distilled, the product in the latter case, according to Gottlieb, Iteing 
nionochlorocitraconic acid, the carbon nucleus, therefow, remaining unaltered 
(Morawsky, Icc. cit,) 

Cltratartarlc A.oldf C*H"0*. This acid, homologous with tartaric Scid, ii« 
formed, together with carbon dioxide, hydrochloric acid, and acetone, by heating 
chlorocitramalic acid with water in a seaksl tube; also, together with oxycitraconic 
acid, when chlorocitramalic acid, its barium salt, or its ethylic ether is boiled with 
excess of baryta- water (p. and thirdly, by boiling alkaline citrnmalaWa 

with water. On evaporating its mpietms solution, the acid remainH as a syrupy 
deliquescent mass, which slowly crystallises on exposure to the air. 

Citmtartaric acid is hi basic, its salts have the Voniposition C*H**0*l\iP. The 
Itarium Kolt^ C*H*0*Ba, sepamtes on supersatjrating the acid with baryta-w’al^r, as a 
granular precipitate, easily soluble in hot water, insoluble in alcohol. The nr.uftal 
had salty C*H" 0 *Pb, is obtained by prKnpitatioii, ami seiuirates in flocks which 
l^ecome granular on boiling. Bosic lead accrue throws down the hash had mitt 
C^H^O^Pb.PbO, The silver salty C*H*0*Ag*, is obtairnHl from cold Hohitions ns s 
white bulky precipitate, which dissolves in lioiting water uihI orystullises on c(x>Iing, 

ItaoontoActdv n*C=:iC<^ 0 lp cO*H‘ following method of preparing 

thin acid is recommended by Meilly {lAebi^s Annahtiy clxxi. 163). Coarsely Munded 
citric acid ( 1 20-130 grams) is distille<l from shallow retorts fillo<l with it up to the neck, 
us quickly as the frothing of the mass will allow; the oily distillate soparatod fromUie 
water .'is completely as possible (otherwise it is apt to yield citracoiiic instead of itaconic 
acid), is left to crystallise, whidi it usually does in the course of a night; and the 
crystals are drained by means of an aspirator, then pressed and recrystallisid. The 
oily filtrate, after heating for four hours in a sealtHl tul>e to 160'', yiolus an additional 
quantity of itaconic acid. The entire product amounts to aWut 16 poi cent, of the 
citric acid used. 

Reactions tvith Hydrocyanic When equal parts of itacoitic acid and an- 

hydrous hydrocyanic acid were heated ioge^er to ]40'’>160^, a brown liquid was 
obtained, which when exposed to the air till the free hydrocyanic acid had evaporated, 
and then distilled, yielded between 200 ^ anti 220 ^, a dark reel oil which gradually 
solidified to crystals of citraconic acid (m. p. 88®-89''). The syrup heated witn 
sulphuric acid in sealed tubes to 120 ^, yielded itaconic acid (m. p. 160^-161^); 
and the same syrup, after being boiled with strong potash-ley as long as ammonia 
continued to escape (which lasted nearly a week), then acidolat^, and extrocte^l with 
ether, yielded mesaconic acid (m. p. 202 '^). The syrupy mass was proliahly an 
addition-product of itaconic and hydrocyanic acids, inasmuch as, when treated with 
soda-ley, it quickly gave oiff ammonia, even a^ ordinary temperatures (Barbaglia, 
Rent. Ckem. Ges, Ber. vii. 466). 

Ethyl itaoofMic, C*H^O\C*ir*)*, is obtained by de^niposing silver itaconsie with 
ethyl i^ide. It is a liquid boiling without decomposition at 230^, and changing after 
a few days into a viscid polymeric modification, which, however, is reconverted hy 
distillation into the original ether, and like the latter yields itaconic acid by saponifi- 
cation. ** 

The ether (b. p. 22d°-23U'^) hitherto regarded as itaconic ether, obtained by passing 
hydrogen chloride into an alcoholic solution of itaconic acid, appears, from itspi^xluete 
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of BaponiftcatioQ, to conciist mainly of mesaconic ether with a email quantity of itaconio 
ether (Th, Swarte, Bull, Acad, royal. [2], xxxvi.^No. 7 [1873]). 

BfomitaeoniG acid, C'‘H*BrO% ia produced by the dry distillation of itadibro- 
mopyrotartaric acid, C*il*Br'^0\ the retort being heated from above on account of the 
Blight volatility of the productf and exhausted by means of a Bunsen's aspirator, to 
provoiiWhe strong frothing which would otherwise tuho place. The bromitaconic acid 
distils ovir partly free, partly in a<^ueous solution, and may be purified by once re- 
crystalliaing^t from warm (not boiling) water, fi*om which it separates in semi-opaque 
nodules, or by slow evaporation in crystals resembling those of itaconic acid. The 
same bromitaconic acid is obtained by hoifting aconic acid, C*H''0*, with hydrobromic 
acid. It melts with decomposition at 164®, which is the melting point of aconic acid ; * 
dissolves very sparingly in cold water; is resolved by boiling water, or by alkaline 
carbonates into hydrobromic and ^aconic acids ; and is converted into itaconic aoid by 
the action of tin or zinc on its aqueous solution (Swarts, Bull. Acad, royal Belgique, 
[2], xxxiii. No. 1, [1872]). 

Chloritaconic acid, C^H^GIO^ obtained by heating aconic acid with hydro- 
chloric acid, forms crystalline crusts, slightly soluble in cold water, reconverted into 
aeonic acid by boiling water (Swarts). 

Oxyitaconic acid, C*H*0* CH(OH)=C^q^ 2 ^ Co«H* formo<i as inter- 

mediate product in the decomposition of aconic acid by boiling with baryta-water, the 
ultimate products of the reaction being formic and succinic acids : 

C»H*0< + H^O ^ C*H“OS 
+ H-O = CH=«0* + 

It is a bibasic acid, forming the salts C*H^Ag^O* and C*H‘‘BaO^ (Meilly, Liebig's 
Annalcn, clxxi. 133). 

XtamaJlo and Ztatartarlc ikolda (Morawsky, J. pr. Chem. [2], x. 68). A 
solution of chloritamalic acid. {2nd Suppl. 709) exactly neutralised with calcium 
carbonate, and heated for some time to jihe boiling point, de|X)sits calcium itiitartrato 
(Is^ Sdppl. 762), which may bo freed by washing with boiling water from a second 
sparingly soluble calcium salt. This latter, which separates from the concentrated 
mother-liquor in rhomboheiJral cryst*i.ls, is the calcium salt of monobasic oxypara- 
couic acid, C*H®0*. When its solution — which is neutral to test-paper — is boiled 
for some time with a quantity of lime-water containing as much calcium as the salt 
itself, the liquid again acquires a neutral reaction, and then contains the calcium salt 
of bibasic itatartaric acid. These changes explain the formation of calcium 
itatartrate in tho manner above mentioned, thus : 

2C»U^C10»Ca = CaCr^ H> (C*H^O"‘"Ca, 

« Oltloritamalato. iJxyparacouate. * 

(C“H^Oa)*Ca CalPO- ‘>C»H«0«Ca. 

Oxyporacouati!. ItaUurtrate. 

C*II®0*Ca + 4 H‘0, gives oflf its water at 180*^, and then ex- 
hibits the characters of Ronday’s homotartrate [gr. v.) The lead salt of itatartaric 
acid crystallises hi tablets Inrving the composition C*il*0‘^Pb + H-O. [The anhydrous 
lead salt analysed by Wilm (1 j?^ Suppl. 762) appears to have been dried at 100®.] 

Oxypararonio acid, \b obtained from its ethereal solution only as a 

viscid syrup, differing in this respect rfrom oxycitraconic acid. The calciurti salt, 
(C*H*0*VCa -t 2IPO, forms, as already meiVioned, rhombohodral crystals, which give 
off their water at 180® (the similarly coAstitutod oxycitraconate forms an uncrystal- 
Hsable syrup). * » 

SCeflaoonto ikold. On the constitution of this acid, see p. 513. It sepa- 
rates, after long standing, from a solution of citradichloropyrotartaric acid (p. 614). It 
was also produced in an attempt to obtain an acid, C*H*0*, by treatisg an alcoholic 
solution of itamoiuK'hloropyrotartaric acid (1*< Suppl. 980) with potassium cyanide, 
decanting the liquid from potivssiuni chloride thereby furmed, and boiling it with 
potash (Swarts. /oc. cif.) 

On the formation of mesaconic acid from citraconic and itaconic acids, see p. 611 of 
this volume ; also 2nd Suppl. 709. According to Morawsky, the best mode of pre- 
paring it is that given by Gottlieb, namely, to biil a weak solution of citraconic acid 
with nitric acid (iii. 928). 

Mesaconic acid nieUs at 202° (Swarts, Moniwsky). 

"When chloriiio is pissevl ti^saturnlinn into water in which mesaconic acid is sus- 


Tbu mitubcr i^ivou in ‘2n<i Sitpj>L p. 22, op the boilmif poluL of m'onic acid, io a misprint 
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pended, & solution is formed, which when evHpomted gives oif sal-amroonisc, and 
leaves monochlorocitramalic acid. • 

CX V JtO WWbXiO This ^8 the principal constituent of oil of citronella {Andro- 

poffofi Schananthiis or A, iVrtrrfu^s), a grass cultivated in t7oylon. According to Glad- 
stone (CA/fm, Soc. J. 1872, 47) it has the composition 0*H**0, and is isoiuertc lyitli 
common camphor and with absinthol ; but itccordtiig to Wright {Md^ xii.^Sl^, the 
chief constituent of the oil (b. p. 210^-225*’) has lh»* coiii|Hisltiou C*®H**0 : fl^ce it 
seems probable that the coTii]Kj8ition of citronella oil (and pi'rhaps id' oil%^r essential 
oils) is not quite oonsbint, but varies with the st^'ison. the age of the plant, ^Jcc. 

Citronellol (b. p. 210 '-220 '), heatixi wdth*!rf»<r cA/orii/r, yields a biigt^ quantity of 
resin containing 85'4 ]^>er cent, carlxm, 11 -7 hydrogen, and therefore formed by partial 
removal of the elements of water ; also a distillate of water and a hydnaiarlion, or 
mixture of hydrocarbons, containing more hydrogen than cymeno. 

The same citronellol distilleil wifcli phAsphcrus pt ntditulphidr, yieldi>d a hydrocurbon 
or mixture of liydrocarlions lioiling between 160^ and 180^, another boiling ncnr2»'i0®, 
and resinous substances of high boiling point. The {x>rtioiis of the distillate laiiling 
between 220'' and 240® yielded, on distillation over sotlinm, a liquid distilling near 
250®, and other liquids of higher boiling point, probably i>olymt?ric terpones, 

The action of phosphorus |.>enta8nlphide on citronellol is therefore tx) some extent 
analogous to that whicli it exerts on absinthol (p. 1). the action in each case consist- 
ing in the formation of a liydrocarlK»n by roniovnl of the elemciils of water — 

C'®H'*0 - H‘*0 = C«“1I'*, 

Absintliol. Cyinenc. 

€‘•11 ‘■O - IGO - 

t'itixuM'llol. TonK'ne. 

When citronellol is ciiutiously dropped on coolotl phosphorus pevtavhhride^ oxy- 
chloride of phosphoruH is formed, together with a chloriuat^Ml organic substance, 
which partly breaks up u litn heated, evolving hydrochloric ludd and leaving a mixture 
of a terpene and a resinous polymeride thereof ; 

c‘*n'*o ^ POP x=* POOP -f HO! t 

€‘•11**01 - HCl -f 

Citrouellol unito.s with Aro/ai/ic, forming a di'Oromide %vhich splits up into water, 
hydrogen bromide and cymeno : 

Jl'O - 2nHr + (.''•IC*. 

CJnr&irXaZtVB* The bitter apple, bitter cucumber, Iritter gourd;'‘or colocyiitli 
{Citrullus Cohei/n(his, Schrader), is a creeping cucurbilHCoouH plant which grows 
abundantly in the Sahara, in Arabia, and on the Coromandel Oiast, and iMrfound in 
some of the islands of the Aegean Sea. The fruit, wdiich is ala^nl as large as an 
orange, contains an extremely bitter anil drastic pulp, from which colocyiifh is 
obtained. This pulp is wild to b>'< eaten by btifftiliHts and ostricheH, but is quite unfit 
for human ftXKl. The .seed- kernels, however, which conUiin but a very small quantity of 
the hitter principle, are use<l as f«s>d ly soTne of the natives of the African desert. Fur 
this purpose the seeds are first frceil from pulp hy roasting and boiling, and Hulme- 
quent treading in Kack>:, and then depriv’f^t of their coalings •- w'liicli are also decideilly 
bitter — hy grinding and winnowing. A single kernel thus separated, has only a mild 
oily tdtste, Init several, if tasted t,ogether, eidiildt a distinct bitt^erness. ‘ The livemge 
wiught of a seed is about 45 milligrams, of which the kernel constitutfis only one-lwilf. 
The kernels contain alsmt 48 ptrr cent, of a fimy oil, and 18 per cent, of albuminous 
substances, Iwrsides a small qna?if ity of sugar, and may, therefore, be regardeil ns a 
sufficiently nutritive esculent* The inorganic constituents of the seeds amount to 
2'48-2-7 per cent. ; the pulp of the fruit contains a much larger proportion, vise., 1 1 
per cent. (Fliicklger, N, ftep. Pharm, xxi. 4*5). 

C&AJn>BBXZMA^ The flowers of ClandesUfta rccti/lora, a plant growing on 
the lower Pyrenees, yield to £cher two crystalline substances, one of which is yellow, 
and resembles cholesterin; the other, called elanflestinin, white, soluble in alcohol 
and ether, insoluble in water and in dilute aci^ (Hartaen, Chem. Cenfr. HI72, 524), 

OX^AXXra(F. Roomer, Jahrbuch. fur. Mineralogies 1875, 370). This mineral is 
a dimorphous mi^ification of cnargite, found in a l»ed of heav^ spiir in the Clara mine 
nf>ar Schapbach. in the Bailen Ttlack Forest. It is monoclinic (enargite is rhombic), 
exhibiting the combination ooP. ooPao . OP . wP, with j^rfect clea%*agc parallel to the 
ciinopinacoid, less distinct parallel to the ortbopinaci/id. Odour <lark lead-grey* 
Streak pare black, naidneea ~3'5. Sp. gr. ~4'40. Heated in a tcst-tnlMi, it 
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crepitates violently, and yields a reddish-yellow sublimate of arsenious sulpliide and 
antimonious sulphide, and another of sul|»huT. In an open tube, a little antimonlous 
oxide is deposited close to the houtsd mineral, and cry^nUised arsenious oxide further 
on. Before thd* blow- pipe cji charcoal it melts very easily, giving off the same 
vapours, and a very slight deposit of zinc oxide, and leaving, after prolonged re 
ducfcion, grains copper in a 'magnetic slag. Nitric acid dissolves it easily, forming 
a gred^iquid, with separation of a white powder. 'Hydrochloric acid does not do- 
compr^^it ci^mpletely, even after long boiling. 

The foft’owing tables show the composition of the mineral, as determined by 
analysis, logether with that of cnargit^and the values calculated according to the 
formula, Ou*(AsS*)‘^ or 3Cu“S.As'''S^.* 

fTu. Fe. Zn. Sb. As. S. Ag. 

Clarite . . 46*29 0*83 trace 1 09 17*74 32*92 — = 98 87 

Enargite . 47*206 0*665 • 0*228 1*613 17*599 32*222 0017 = 99*419 

CuMs'^S* . 48*42 — — — 19*07 32*51 — =* 100 


The rlifforences between clarite and enargite are shown by the following comparative 
statement ; — 


Crystalline system 
Cleavage 


Hardness 
Sp. gr. . 
C<jlour . 
Streak . 


Clarite. 

Monoclinic. 

Parallel to oo^oo, and 
a>^ao at90“. 

3*6. 

4*46 

Dark lead-grey. 

Black. 


Enargite. 

Khombic. 

Very perfect, parallel to 
ooP at 97^ 63\ and to 
£»Poo , 

3*0. 

4*36-4*47. 

Iron-black. 

Black. 


Clarite is not unfrequeutly transformed into copper pyrites and indigo-copper, 
wliich is n<it the case with enargite. In the first of these changes, which takes place 
without alteration ('f form, and therefore very slowly, the whole of the As-S* is re- 
place^ by Fo‘‘^S*, which is less soluble in barium sulphide than the arsenic sulphide. 
The formation of this psoudomorph oan take place only out of conhict with the air. 

Indigo -copper, CuS, may he formed from clarite in two ways, first directly, and 
secondly after previous conversion •ipto copper-pyrites. In the former case, nothing 
is seen but particles of fresh lead-grey clarite; in the latter, brass-yellow particles of 
copper-pyrites imboddded in a black-blue earthy mass. In both cases the formation of 
indigo-copper appears to be brought about by the oxidation of the iron sulphide (and 
zinc sulphide), while iron and zinc are dissolve<l out as sulphates, and arsenic as 
arsenic acid. * 


C&AY. A red clay from Hunstanton in Norfolk has been analysed by A* H. 
Church (C'Anm. AVte.?. xxxi. 199). This clay can be isolated by pulverising the lime- 
stone in which it occurs, and treating it with dilute hydrt^chluric acid. The finely 
divided clay can then be separated from the coarser lumps by levigjition. Its com- 
position is as follows : 







Drieii 

After 

* 




, * Air-dry. 

at 100“ 

ignition. 

Water 

. 


, 

. . 14 73 

7*54 

— 

Silica . 



. 

. 52 87 

67*33 

62*01 

Kcrric o^^de 




. 1281 

13 89 

16*02 

Alumina 




. . lo'66 

16*97 

18 36 

Magn»'sia . 




. ^ 2*65 

2*87 

3*11 

Lime . 




, 1*83 

1*46 

1*56 





100*04 

100*05 

100-06 


Church is of opinion that this red clay is nearly related to that which was dredged up 
in the ‘ Challenger * expedition from the greatest depths of the Atlantic Ocean. He 
regards these red clays as oxidation-protlucts of glauconite. 

P. Thi&nard (Con^i. rend, Ixxxi. 262) describes a clay which was mot with during 
some excavations at Perrigny-sur-rOgnon, Cote-d’or. It had a deep grey colour when 
fi*eshly dug, but became black on drying, while at the same time a blue substance 
u’Hs developed like ultramarine in colour. This blue substance becomes olive-green 
when heated to 120^, and changes to yellow when treated with potash at ordinary 
temperatures. Neither ammonia nor acetic aciU haa any effect upon it, and chlorine- 
water alters it but slowly ; w^ry dilute hydrochloric acid however dissolves it imme- 


Itufrcuoysitc is, u ttiint looUticatium 
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diately, and destroys its colour, which is not restored by lunmonia. This blue substancd 
insists chieHy of ferrous oxide mixed with iluznina, and a uitrogeuiWKi organic «oid 
in consulerabfe prop»)rtioii ; it A>es not contain lin#‘ or ferric oxide. 

A clay fnim Kum in Persia uscni for miiking *he welbknown water'Ci>olers (alcar- 
razas), has been analyst'd by C. v. Hauer( f VrAom//. KeicksiUMf, 187<l, 113) with 
the folloa’iug result s : ^ 

i^iO\ \\‘0\ Fe'0\ Mgl'O*. H‘0. 

43*31 16'U 6 00 20 13 0 27 9 82 ^ l>0 67 

ith tnu'cs of alkali, 'i’hc pun>sity which ttutf-clay at‘quir<*s l>y baking is due to Uie 
evolution of ciubouic acid from the finely divided calciuni carbouale dissoiiiiuutcd 
through it. 

C. Bisehof {Di/i4fL pol. J, cvxi. 128) has analyscMl a yellow and a retl brick-olay 
from Mogeldorf in Bavaria, with the following rc'sults-. 

Lom ou 

SiO*. Al*0-. Mir(>. CaO. 

Yellow clay , . 82 04 9 96 0 64 0 7*5 3*06 3 67 « 100*11 

Bed clay .... 66*93 12 62 2*74 3 36 4*67 11 13 « 100 26 

These anu lyses load to the following formulie : 

Yellow clay. lied clay. 

1 43 (A1=0*. 9 14 SiO») + RO 0*66 (APO*. 6 03 SiO^) + BO.* 

The yellow clay, when washtxl with water through a sieve having moshos !'6 
mm. wide, left 12*49 per cent, of heavy matter (pebbles, &c.^, and the red clay, 
10^8 per ccMit. The former gives a tolerably infu^iblo brick which has not the usual 
red colour and is not durable ; the reil clay u fusible brick of gooil colour. A mixture 

of the two with a little sand yields a l^etter product. An increase of silica appears 

to raise the p^int of fusion. The pyrometric value may be found by multiplying the 
quantity of silica in the formula by the amount of alumina if the hitter figure bo less 
than 1, and dividing if it be greater (2w</ SuppL 364).* The yellow clay giVes the 
number 6'GO, and the red clay 3 98, the higher number showing the higher m.eltiug 
point. 

Two very refractory clays from the MiwautAch valley in Carniola have boon 
analystxl b^ A. Patera pol, J, cevii. 219). They were levigated, and the 

finest particles drio<l and analysed with the following results : 


Matter insobible in hydrochloric Mcid .... 91*00 91*60 

Ferric hydrate 1*60 2*91 

A luminic hydrate . . . . . . . . 2*76 5*26 

Calcium carlamate ....... trace Iimco 

Water 1 76 0*3 4 


100*00 100 0 (» 

C. Bischof {Dingl. pot, J, ccvi'i. 61) has also examined the behaviour of fire-clays 
to glass at high temperatures. Powdered clay w*as mixcHl with 2, 4, 6, &c., parts of 
glass- powder, and the mixtures made up into^ small prisni.s won; exposed to the he.it 
of melting platinum. The observations consisted in determining the proportions of 
glass requirt'd to induce inci[<ioDt fusion fu the mixture at the given toroperaturo, this 
condition being indicato<] by the rounding of the cdgcis, a bright lustre on the 
surfaces, and a porous vesicular texture in Mio interior. These appearances were 
oltserved in : * ^ 


Glass-pot clay from Oriinstadt aBer addition of 16 per ei-nt. gli 

Muhlheim clay 

14 

Hessian clay 


Clay from Niedcrplois 

0 

Best Belgian glass pot clay 

18 

Klingberg clay (I) 

18 

Klingborg clay (II) ’* 

.. 14 

Loth ay glass- fKjt clay 

14 .16 

Stourbritlge clay 

. 10 „ 


From these observations it follows that in general the most refracbjry clays like- 
wise offer the greatest resistance to the action of glass. In clays nearly related to 
one another pyrometrically, as those from Griinstadt and from Mtihlheim (2nd Suppl, 
.365), the fire-resisting power affords no measure for tho%«lative p(>wer of withstand* 

s The ferric.oxidc is inciodvd in Uie gcoeraJ fbrmnla, JBO. 
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in^ the aetioh ilt glass. diiTeience between the best and the modeTately good glass- 
pot cjLays is mucli lete conspicuous than tHht between the good and the inferior sorts. 

Similar results have been obtifined by Bischof {J&inyl, pol, J, ccviii. 445) with 
respect to the action of irdn-shig on clay. With a slag from Braubach containing in 
1 00 parts : ' ^ « 

^ 'Al*'0’. roO. MnO. CaO. * MgO. r“0“. S. 

10-60 384 9 18 38*93 2 10 0*16 0*78 


the above-mention ft I indications of fusion were observed with tho following 

portions : c 

Hessian clav, after addition of 1 per cent, slag 

Muhllifini clay ,, 

Griindstudt clay ,, 

5 

6~6 ,. 

Saiiruu clay (II) „ 

6 ,, ,, 

Belgian clay ,, 

6-7 „ 

Garnkirk clay „ 

8 

Saarau clay (I) ,, 

Levigated clay from Zottlitz 

13 

14 


pro- 


Similar results, at least with some clays, were obtained with slags from a Bessemer 
work at Horde. In general clays exhibit a parallel variation in their power of 
resistance to glass and to slags, and are on tho whole more easily attacked by slags 
than by glass. 

Suspension of Clay hi Water . — From experiments by W. Durham {Chem. News^ 
XXX. 67) it appears that tho power of water to hold clay in suspension is diminished 
by addition of acids and of various salts, and increased by addition of small quantities 
of alkalis, alkaline carbonates, or calcium carbonate. Sterry Hunt {ibid. 97) found 
in like manner that tho water of the Mississippi, which contains from 1 to 2 parts of 
suspended matter, chiefly clay, in a thousand, is clarified in twelve to eighteen hours 
by addition of soa-wator or^of sodium chloride, magnesium sulphate, alum, or sul- 
phuric acid ; hence the deposits of mud formed at the entrance of the river into the 
Gulf \if Mexico. • 

M. Schloesing {Co?/fpt, rend. Ixxx. 376, 473) separates the various silicates of 
alumina which constitute clays, by; levigating tho clay, and allowing it to deposit in 
distilled water rendered slightly adknlino, contained in long tubes closed at the 
bottom, in such a way ns to allow the successive layers to be drawn off separately by 
means of an india-rubber connector. Each layer may bo treated in the same manner, 
so that by successive fractionations the portions may bo obtained pure. Clays, such 
as some kaolins, formed of only one silicate, depowt only one layer. 

Tho silicate, AF(F.2Si0'-.2II'“0, has, l>y this process, been recognised to form the 
greater portion of kaolin clays, some being comyK>sed entirely of it, while others con- 
tain two or three silicates, one cf which is colloid. Different kaolins differ greatly in 
the degree of opalescence which th‘«.y exhibit when agitated in an alkaline liquid, but 
this pnjperty in no way depends upon the chemical composition. 

On the determination of clay in arable soils, see Scnloesing {Compt. rend. Ixxviii. 
1276; Ckcm. Soc, Jour. 1874, 1010). ^ 

IVasticUy ahd JSAW/rA^w</^)/C/^^//s(Bil^^hof, Dingl. pol. JT. eexv. 136). — The plasticity 
of clay, or its power of yielding with water«.a mass that may bo moulded, is of great 
impin’tanco in a practical ptjint of view, and interesting b.s a subject of scientific enquiry. 
Aluminium hydrate, like silicic acid, js capable of assuming the gelatinous form, in 
which, owing to tlio peculiar arrangement of the particles, these compounds aro able 
to take up a very large quantity of "Irater, swelling out in an extraordinary degree, 
and thus enveloping or landing together sandy or* yarthv matters in a fine state of 
division. On removing the water by drying, the originally plastic mass shrivels up. 
This is termed * shrinking.’ Either on drying in the air, or on burning, the particles 
of clay approach one another more closely, the accompanying admix^ constituents 
also being at tho same time drawn together. An increase of density and diminution 
of bulk thus occur. The capacity for absorbing water in different clays varies as 
greatly as their plasticity, which increases with their ^wer or tendency to crumble 
(possibly with the formation of aluminium hydrate). Meagre clays readily 
absorb water and attain tho desired* <logree of phistioity; 'fat* clays on tho con- 
tmry l>ecomo very friable. Tho former become softer by w-orking. the fat clays stiffer. 
Many fat clays oxlnlnt tho phenomenon known technically as * wnt^r-«tiffnc.ss’ 
(AVassersteife), i.r., when softened with a certain quantity of water they have no 
inclination readily to alisoq^> more, 8liort nes.s, or meagrtmess, depends more upon 
the presimee of undisintegrated mineral particles th:in on that of sand; a clay rich 
in sand may, however, be fat. but one rich in unreduced. mineral mutter never can. 
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With respect to tlie condition and law of ahrinkin^ Aron dtntickti 

ZUgelvcreitk^, Jahrgang ix. 167. 339) gives till following fiicU;— By jpcafttial drying 
at a temperature increasing tot30®, the weighed portion of eiajr beii% <>» h 

glass plate and two parallel marks cut upon it., luid the^isttmce boti^een the marks 
repeatedly measured, it was found that tlio shrinking < 14 ! not continue till the clay 
was quite dry. but ceased before this point was attaiiiod. To a eqftaii point, the 
shrinking exiwtly expresses the loss of water : at this point it suddenly stops, as 
the clay partioles come into contact. Aron terms this point the ‘ limit of shrinking,* 
and distinguishes the water dissi|)ated previous U> this point as * water of tlhrinking * 
from that subsequently driven off as ‘ water o^^orosity,’ Tlio sum of the two is total 
water. 

The cubical amounts of shrinking of a p;isty mass of clay were found to be equal 
to the volumes of tlio w^ater ovaiK^nited. The proportion of poros in tlie dry clay is 
constant, i.c., independent of the water originally contained. From the fact that the 
proportion of pores in several chemically different clays is nearly equal, it may Ins 
inferi^ that the smallest particles of clay have a regular spherical shape. This 
view is confirmed by microscopic observations. 

In a plastic mass of clay tliere is thus a vast number of these little spheres at 
cijual distances suspended in water. The distance betwx'on these particles is so small 
that the attraction between them is considerable, and so a system of capillary tubes is 
formed in which the expulsion of water by pressure is so opposed tliat neillier the 
power of attraction of the spherical particles for one another, nor their vertical down- 
ward pressure, will permit the water to penetrate through the tubes. Ptesticify 
commences with increase of the distance between the clay particles, and ceafes when 
that increase has attained a certain amount. In shrinking, as water evapomtes on 
the surface, a fresh supply is drawn up from the interior of the mass through the fine 
capillaiy tubes mentioned above, the particles approximating throughout the whole 
mass in obedience to their power of attraction ; and this process continues until the 
pnrticles come into contact, and then room for water is afforded only in the spaces 
between the pjirlicles (water of porosity). In meagrq clays those fine spherical 
particles envelope the irregular-shaped particles of foreign inattor. On trying the 
offoct of additions of very lino sand to som 0 waniityd clay, it was found that, to a certain 
point, the shrinking power of the clay increases with its progressive meagreneas (the 
water being constant) and the porosity decreases. This point is termed the ‘point of 
greatest density * of the mass. 

From the point of greatest density, further impovenshing diminishes the shrinking 
for ail cHjual amount of water in the pores, but iiieroasos the ]x>rosity. 

COAli> Comjxmhony and Heating Vov^er of Coal.^^Ati elaborato 

paper on this subject has been published byL. Gruner (><«». Mvi, 1873, iv. 169; 
JJingl. pol. J. ccxiii. 70, 242, 430 ; abstr. Jahnnh. 1874. 1187 ; Ckem, Soc. Jour, 1876, 
295). The value of a coal cannot bo accurately deUtrmined by its elementary Shalysis, 
inasmuch as the heating power depomls, not oriCy on the amounts of carbon and 
liydrogen contained in the coal, but likewise on the manner in which these elements 
are combined. A more correct estimate of the heat ing power of a coal is obUine*! by 
determining the average amount of coke which it yields. The higher the yield of 
coke, the greater is the heating power, but tUs power docs not diminish in the same 
ratio as the yield of coke ; thus for a dc^r aso in the yield of coke from 80'4 to 59*0, 
the heating power diminishes only from 9622 to 8215. 

The density of coal varies from 1*25 to 1*35. Those coals which tro richest in 
carbon have the greatest density. The weight of one cubic meter is 700 to OUO kilo- 
grams. « 

The different kinds of <^l niay be arbitrarily dividwl into five classes, though there 
is no distinctly marked division Wt ween any two. The classification proposed by 
Gnnif'r is the following 
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Ditftlnguishln^ 

property 


Elemontary „ , , 

coniiKJsition KelaWon of 


ReBldue of 
coke on 
distillation 


Appeartiuce of 
coke 


Dry coal, burning ( I 
with a long flame ( ! 

Bituminous coal with i 
long flame, or gas | 

True bituminous < 
coal, or smithy j 
coal . . . ' 

Bituminous coal with / 
short flame, or coke j 
. rcoal . . . ' 


0-50-0-60 


0-60-0*74 


0-74-0-82 


f Powdery, or 
1 slightly caked. 

I Fused, but 
1 deeply seamed. 

f Fused and to- 
t iQi-ably compact. 

( Fused, compact, 
very slightly 
seamed. 


Anthracite coal 


Powdery. 


The length of the flame depends on the amount of volatile matter ; the combustibility 
of the coal on the nature of the ash. If the ash contains iron and Hme, a slag forms ; 
if it contains alumina and silica, it remains in a powdery form, which is more favour- 
able to the combustion of the C(5al. 

The first class, dr^ coal with long flame, is used for making coke. The coke pre- 
serves the form of the coal.. The sp. gr. of this class of coal is about 1*26 ; 1 cubic 
meter weighs 700 kilograms. It is te|TOcd splint coaL The colour is usually brownish. 
The^elemontary composition is given in the table ; a proximate analysis gives the 
folio-wing result.s : - 

AminoniHca4 

Coke. liquor. « Tar. Cos. 

60—60 12—6 18—16 20— 30 per cent. 

Volatile matter 50-40 per cent. 

The calorific powc-.r is on the average 8200-8300 heat-um'ts. This coal is found in 
Derbyshire, «Stajfordsliire, and Lanarkshire. As soon as the carbon exceeds 80 per 
cent., and the oxygen is under 16 percent., this class of coal begins to cake on heating. 

The Belgian coal called /main inimrol contains an amount of carbon which would in- 
clude ^ in this class ; but its coke is always powdery. It has a low'or calorific power. 

2. Bituminous Coal with Long Flartie (gas coal). — The coke obtained from tliis coal 
is always caked together. The coal itself is hard, the fracture laminated. The sp. 
gr. is 1-28-1 -30 ; the weight of 1 cubic meter 700-760 kilograms. The colour is pure 
black with a strong lustre. The proximate coiyiposition is — 

* Animoniac'ul ** 

Coke. liquor. Jar. Gas. 

60 — 68 6 — 3 15 — 12 20 — 17 per con* 

Volatile matter 40-32. 

Yield of gas from 1 kilogram . . 240 — 260 litres. 

Calorific power . . . . . 8600 —8800 heat-units. 

This coal is found in the coal measures of the* Pas-de-Calais, and of the Loire in 
France, at Mona in Belgium, and at Newcastle. 

3. Drue Bituminous or * Smithg Coal * — Goals belonging to this class have a pure 
black colour and high lustre ; they are brittle with laminated fracture. The}* fuse 
when burning, leaving the coke in a compact cake. They are. therefore, peculiarly 
adapted for a smithy. Sp. gr. 1 3. Weight of u cubio meter, 760-800 kilograms. 

Proximate analysis: — *. 

« Aniinoniiu'al 

Coko. liquor. • Tar. Gas. 

68—74 3—1 13—10 16—15 

Volatile matter, 32-26. 

Calorific power. 8800-0300 units of heat. 

Found in the c«al niiHisiflres of Pas-de-Calais in France; in the neighbourhood of 

• TIic oxygen induces niirogeti ; but the bitter seldom exceeds 1 per cent, of tlie eombu&tible 
n;.itcria1. 


Par. 

13—10 


Gas. 

16—15 
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JuUge and Mons in Belgium; in Wegtphalm; in Yorkshire ; and near Newport 

aleSa 

4. Biiumifiovs Coal with Sh^rt Flame, or * Caki^ff Coai* — Goal belonging to this 
claee exhibits the eanie properti^ as tbat belonging to the one imniedi^itely preceding ; 
its lustre is, however, not so great. It is very brittl*^ and although it is termed 
*du7e' in France, this means that it does not burn away bufckly. It does not contain 
much volatile matter, and is cone^uently difficult to kinala. 

Proximato analysis gives the following results ; - ^ 

AmmoniHi'nl 

Coke. ]i<ltior. Ter. ilae. 

74—82 1 — 1 1(1^ . y A -12 per cent. 

Volatile matter, 26-18. Caluritic ^lower, 9300-11600 units of heat. gr. I'S- 
1*35. Weight of li cubic meter, 800 kilograms. 

Source in France — Creuzot ; near St. Ktieiine in tho basin of iheGard : in the coal 
measures of Brissac, Abrun, &c. ; in Belgium, near Oharlerviy ; and in Wales, near 
Cardiff. 

One kilogram of this coal evaporates 9 75 kiU^rams of water. 

5. AnthruLcite Coal . — This coal forms the link to pure anthracite. It is black, and 

shows dull streaks. Its cohesion is slight, but increaBea the nearer it approaches the 
character of anthracite. , * 

Ammnniaral ' '■ 

Coke. liquor. Tar. Gas. 

82 90 I 0 5 — 2 12 — 8 percent. . 

Volatile matter, 18-10. C’aluri tic ptiwor, 9200 9500. Sp.gr. 1*35-1*40/ Weight 
of a cubic meter, 850 kilograms. It is ndaptod for use in the blast furnace. It is 
met with in the neigh iKjurho^ of V'alonciennes and in the coal mctfisures of the Sartho, 
of the Hoautinis, and of the Lower Loire, the Uard, the Crouse, &c. ; also in Charleroy, 
Swansea, and Merthyr Tydvil. It. occurs also in Ponnsylvatiia. 

One kilogram calculated without ash evaporates 9*15 kilograms of water, but con- 
taining. lis it usually does, 10-11 per cent, ash, 8*12 kilograms. 

C. Hilt {Vingl, pol, «/. ceviii. 421) likewise rogjirds the yield of coko, together with 
the amount of u.sh, as of c.special importance in the valuation of coal, lie ^.Vcs a 
classification of coals according to the ratio between the quantities of bitumen and 
coke which they yield when iguite<l in a covered crucible. 


iinr>n 


1. 

Anthracitic coal ..... 

1 

! 20 to 

1 : 

9 

2. 

Flint-coal (oM > yielding but little ga.s . 

1 

: 9 

1 : 

5-5 

3. 

Caking coal ..... 

1 

: 5-5 

1 : 

2-0 

4. 

Caking gas-coal . . • . 

1 

: *2 


1*5 

6 . 

Fiint-coal (young) yielding much gas . 

1 

: 1 *5 „ 

1 : 

1*25 

6. 

Gas coal ...... 

1 

: 1-25 „ 

1 : 

J1 

U 

the amount of bitumen or volatile matter bo 

exprossed in lasrccnhii 

n of that 


of the coke free from ash, these coala may be clntraclerised as follows : — 

Bitumen. | Bitumen. 

No. 1 contain 5 t4j 10 per cent. No. 4 contains 33*3 to 40 percent. 

2 „ 10 ., 15 .G 5 „ 40 „ 44*4 

3 16 5 33 3 6 „ 44 4 „ 48 

No. 1 includes the varieties of ordinary anthracite. 

No. 2 includes such coals as the ' smokcletyi seam coal ' of Cardiff. * 

No. 3 includes the varieties of coal used for general manufoctaring purposes. 

No. 4 is a good gits coal, but yields little boke, and this of too porous a nature. 

No. 6 and 6 are chiefly ue^sJ in open stoves ; they bum with a bright flame, 
accompanied by a considerable quantity of smoke. 

Analyses of Russian Coals , — Immense deposits of coal are found in the basin 
of the Donets; much of it is of exceptional purity, leaving only 2 or 3 per cent, of 
residue in the grate. The fnllowring are the results obtained with three samples of 
coal and one of lignite from.this region : — I- From Oronchesski is a grcyish-bloi'k 
coal having a very brilli.ant metallic lustre. If is^very^hard and compact, and keeps 
its form whilo burning. It boms without flame or decrepitation, ^ It contains 
pyrites. — II. From Mioucki is deep black aod^ery brilliant. It is very friabK\ and 
bums without much smoke. It is well adapted for the smithy, and is equal to, and, in 
some respects, sumrior to the Welsh coal much used in tiie English navy, the aualyeisof 
which appears in the Journal of the Chemical .Society, 1872, p. 91 . — III. l^'r^Galoub^ki, 
is block and brilliant, with a slightly conchoidal fractuffi. It is compact, and burns 
with more smoke than U. — IV. A lignite from Riasmn, known as Teula hgoite. It 
occurs in slabs which break down, with conchoidal fracture, into laminated f 
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It contains abundance of pyi*ites, more vater for the most part than the sample 
analysed, and often lea-es 30 per cent, of Msidue on the grate. 


i 

WatSt . 

Ash . * . 

Hydrogen . 

Carbon 

0 , N, S . 

I. « . 



JI. # 

III. 

IV. 

Crtfde 

Pure 

Crude 

Pure 

Crude 

Pure 

Crude 

Pure 

4*08 

1*57 

1*27 

91*20 

1*88 

1*36, 

96*66 

1*99 

1*39 

0*23 

4*48 

89*97 

3*98 

j 

4*50 

91*45 

4*05 

4*88 

1*42 

4*75 

77-47 

11*48 

1 

6*07 

82*67 

12*26 

9*39 

16*86 

4*49 

54*37 

14*89 

609 

73-72 

20*19 

100*00 

100*00 

100*00 

100 00 

100*00 

100*00 

100*00 

100*00 


Per cent, of coke 91*04 

Heat of combustion in gram- { oor 9 
degrees . . , 


80*61 

8695 


00*88 

8021 


37 03 

7687 


rScheurer-Kestner and Meunier-Hollfus, Ann. Ckim. Phys. [6], ii. 326; Campt. rend. 
IxxTii. 1385). 

The following analyses of Russian coal are by S. Kern {Chein. News. xxxi. 133 ; 
xJExii. 70). 

1. Government of Novgorod. — River Prikeha. This is properly a lignite. The 
dried coal yields 62*2 per cent, of coke and 6200 cubic ieet of gas per ton. 

2. Dried coke from the Prikeha coal, suitable for reverberatory furnaces. 

3. Government of Toula. — Obidmovo. Coal found 30 to 70 feet from the 

surface. 

4. Government Riasane. — Mouravena Colliery. 

6. Coal from Vaschour, Ural Mountains. 

6. Donetz Mminiaine. — Grouschevk^ mine. 

7 . •Donetz Mountains. — Village of Alexandrovka. Good coal yielding a compact 
coke. 

8. Donetz Mountains. — Village qf Ouspenskoe. 

Government Toula. — 9. Kievtzi village, on the River Oka. 10. Krasni Cholnii 
village. 11. Vialino village, in the Odoievsky district. 12. Malovka village, 
Bogoroditsk district. 

Govermnent Kahmga. — 13. Zeleriino village. 14. Znamensky village, Lihkvin 
district. «. ' 

Government Ekaterinoslaw,—l5. Near Mr. lllovaiski's village; yields 10,600 cubic 
foot of ^s per ton ; and 74*7 per cent, of comptaet coke. 

Goi^nment Simbirsk. — 16. Near Sysrane town, on the Volga. 

Caucasus. — 17. On the Rivers Con bane and Choumar ; yields a compact coke, 
18. Donetz Morntains, on the River Bolshaia-Nesvitaia. This is a good anthracite. 



Cai;bon 
per cent. 

Volntile 
matter 
per cent. 

Ai^h 

per cent. 

r 

Calorific 

value 

Sulphur 
per cent. 

Hygroscopic 
water 
per cent. 

1 

66*7 

46 8 

1^*5 

4500 units 

3*6 

18*9 

2 

78*03 

10*71 

11*26 

6910 „ 

— 



3 

39*14 

42*65 

18*2'3 

4100 

3*23 

2*55 

4 

17*60 

66*26 

8*61 

5485c „ 

2-4 

7*53 

5 

77-86 

12*30 

2*72 

7320 „ 



7*12 

6 

90*08 

7*22 

1 98 

7640 „ 





7 

69*92 

29*00 

1*08 

7690 „ 

0*36 



8 

64*85 

28*90 

6*25 

7970 

0*87 



9 

22*64 

27 78 

49*68 

3000 ,, 

307 

— 

10 

52*00 

31*32 

16 68 

4000 

... 



11 

3968 

52*49 

* 7*92 

4000 

2*13 



12 

; • 34*88 

I 4236 

5^1*36 

3500 .. 

32*0 

320 

13 

f 30*35 

1 48 36 

21*29 

3560 „ 

— 



14 

i 8570 

t 4424 

20*06 

4200 

— 

20*05 

15 

; 72*22 

24*47 

2 48 

6900 ,, 

— 

1 0*83 

16 

17*2 

; 37 40 

28*40 

3500 .. 

— 

17*10 

17 

. 58*85 

1 37*99 

3*16 

7000 

— 

- 

1 

93*27 

4*93 

1*31 

7600 

0*27 

- 1 
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On two Coals from Cape Brefoii, Noth Scotia, their Cakes and Ashes, see H. How 
(Ckem. Soc. J. 1874, 326). 

Analyses of Japanese coals Iias<|ji||»en made by H. S. Munroe {Americai$ 
C^emut, X, 120). These GoaI% which are fonn^in 26 out of the 62 provinces of 
Japan, are obtained principally from the island of Yes y, on which {here o^ur three 
co^-6elds, viz. in Kayanoma, Horumui, and Sorachi. ^ho last two are situated cm 
the river Ishikari, afwut 30 miles from one another, and are perhaps conneeted. 
The Kajranoma field, on the west 'const of Yesso, latitude 43** 10', ccmsists of^^^enst 
six seams from 3*5 to 8 feet thick. In the Ishikari fl^d four or 'five seama have been 
found, from 3 to 6 feet chick. From the tiumerons tables accompanylhlgf Munroo's 
piifter the following may l)e selected ns giving a goo<l example of the composition of 
Japanese coal : 



Midsu- 
iinki j 

ill 

lloll- 
1 filliki 

j CtiU>rcil) 

'Ttu-iri 

l*'iiru- 

Rlilki 

H%»rn- 

UlUt 

1 

Hora* 

xnul 

S 

Moisture . 

3 714 

6*360 

4*096 

6 060 

1*342 

6*194 

8*470 

Carbon 

57 689 

66 221 

64 412 

66*283 

69-049 

72*982 

68-842 

Hydrogen . 

4 62(» 

6*222 

4 911 

4*124 

6*266 

6*300 

4771 

Oxygen (and N) 

ll» 144 

10*118 

9*940 

10 271 

7* 172 

13*841 

16*180 

Sulphur 

3-766 

1*607 

1*449 

1*178 

2-386 

0*363 

0*472 

Ash .... 

20 (K>8 

12*472 

16 193 ] 

1 23-084 

14 796 

2*330 

2*2f6 

Hydrogen and Ox^*- 
gen (combined) 

10-062 

1 0*033 

9 832 

10-206 

6*718 

14*221 

16*727 

Free Hydrogen. 

3 602 

4 107 

1 3*818 

2*990 

4 610 

3*720 

3*024 

Heating power . 

6626 

6373 

1 6262 

6361 

6872 

6896 

6320 

Evaporating power , 

10 48 

11*88 

1 11 67 

9*97 

12*81 

12*86 

11*80 

Heat of combustion , 

12604° ai2476®C 

,'2566° C. 

i2610°C. 

2606° C. 

2678° C. 

2631 °0. 



Sfirnctil 

Kudzuiit' 

(Himite) 

MOke 

Kiiratrii 

Tska- 

schfma 


Moisture 

2-928 

14-346 

* 0 636 

2*600 

1 320 

4-689 

Cnrlxin 

77*040 

62 149 

69-280 

69*430 

78633 

67-686 

Hydrogen . 

6-686 

3 368 

6-624 

6-166 

6-816 

4*979 

Oxygen (and N ) . 

11-014 

16 396 

4-888 

11*920 

8 721 

10*800 

Sulphur 

064S 

2 116 

3 488 

1-177 

0*469 

1*699 

Ash .... 

2*701 

1 036 

16*284 

1 9 621 

4*861 

10*448 

Hydrogen and Oxygen 
(combined) 

11 041 

17094 

4 149 

12-060 

8*401 

«al0*800 

Free hydrogen 

4*468 

1-469 

■» 6*063 

3-816 

4 876 

3*779 

Heating power 

7402 

6286 

7072 

6064 

7747 

6499 

Evaporating power 

13*96 

9-86 

13*16 

12*42 

14*44 

12-11 

Heat of combustion 

2627"* C. 

2374° C. 

2616° C. 

2681° C. 

2644° C. 

2666° C. 


Alttraiion of Coal by Exposure to the Air, — A series of experiments has 
been made by E. Richters {Dingl, pot. J. ccxcv. 316, 449 ; ccxcvi. 31 7), with the view 
of determining w'hether the absorption of oxygen by coal at ordinary iemperaturee is 
attended with oxidation of carbon or bydjxigon. Coal-powder heated to 1 80^»200^ 
takes up oxygen and gives off qarbon dioxide and water. The absorption of oxygen 
is however gyeater than that which corresponds with the quantity of the gases 
evolved, and it ceases as soon as the hydrogen and oxygen in the coal stand to one 
another in the proportion to form water. From these facta Richter deduces the 
following concltisionn : 

1. The property of coal to take np oxygen when slightly heated, is essenlially 
determined by its amount o? available (combustible) hydrogen, this hydn^gen lieing 
oxidised, together with a certain portion of the ckrbog, whereby water is formed, and 
part of the oxygen enters directly into the c^miposition of the coal. 

2. Different portions of the carbon of coaf exhibit at about 190°, different < 

of affinity for oxygen, the smaller portion (6 or 0 per cent.) uniting with the oxygen 
to form carbon dioxide, while the remainder exhibits at that temperature but little 
affinity for oxygen. ^ 

These laws likewise bold good for ordinary temperatures. At lowsr t^mparatum 
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the absorption of oxygen is partly physical, the rapidity of thtj absorption being pro- 
portional to the surface attraction of the as exhibited by its hygroscopic action. 
In the first 24 hours 20 grains of differedlKinds of coal were found to absorb from 
2 to 9 cubic centimeters of oxygen/ The absorptive pfiwer of coal diminishes with 
time, but the decrease does no4 appear to be due to condensation of carbon dioxide on 
the coal. » 

higher temperatures the oxidation processss above described go on more 
quickly^- The moisture of the coal has only an indirect influence in accelerating the 
oxidation. Jn presence of water, the pyrites, which is always contained in coal, 
becomes oxidised, and this oxidation is attended with a rise of temperature by which 
the oxidising action is accelerated. The*ferric oxide resulting from this action also 
takes up a larger space than the iron sulphide, and by its formation the coal may be 
more or less disintegrated and rendered more accessible to the air. Lastly the iron 
may also carry over oxygen to thtj carbon, the ferric oxide being thereby reduced to 
ferrous oxide, which again takefi up oxygen from the air, then ^ves it up and so on. 
The influence of daylight on the oxidation is perceptible only in old coals in which 
the absorbing power is already considerably reduced ; fresh coals oxidise in the dark 
as quickly as when exposed to light. The spontaneous comhvstion of coal takes place 
when the absorption and oxidation processes above described act together under 
favourable circumstances, and at the same time the heat developed by the oxidation is 
not conducted away. 

' The gradual oxidation or * weathering ' of coal on exposure to the air is attended 
with a decrease of heating and caking power, and a diminished capacity of yielding 
coke and gas. It takes place most quickly in coals fresh from the pit, and diminishes 
in intensity as the oxidation advances. The absorption of oxygen at first increases 
the weight of the coal, but afterwards, when the temperature has been raised by the 
oxidation to 170®~190®, a percoptibUi decrease of weight takes place. 

A weathered coal will for the most iiart yield more or less cuke than the same 
coal when fresh, according us the diminution of its hydrogen exceeds or falls short 
of ttte increase of its oxygen. 

The quantity and qmility of the gas yielded by coal depends essoutially on its 
amounLof available (unoxidised) hydrogen. If in cousequonco of weathering a part 
of the hydrogen has entered into combination with oxygen, this hydrogen, at the 
temperature of the gas-retorts, will, partly at least, be lost for the preparation of 
illuminating gas. The quantity of gas obtained from fresh coal is in fact always 
greater than that from weathered coal. 

Caking ‘power of Coa 1. — This quality depends mainly on the amount of hydrogen 
in the coal, and is lost altogether when the coal is heat^ for some time to lUd^, 
whereby the hydrogen is driven off ; in weathered coal which Las lost more or less of 
its hydrogen by oxidation, the caking power is also considerably diminished. 

The caking powers of diflbrent coals may bo compared by determining the relative 
quautitisiLof finely levigated quartz-powder which may be mixed with them, so that 
the cake formed by igniting the mixtjire in a platinum crucible as long as combustible 
Mses are given off, may just bear a given weight without being crushed (Richter, 
DingL J. cxcv. 71). 

II. Fleck {^DingL pol. J. cxcv. 430) classifies coals according to the relative quan- 
tities of combine^ hydrogen, and of free hydrogcn'available for combining with carbon, 
which they contain. Thu quantity of hydrogen in coal is for the most part greater than 
that which is required for combining with the oxygen and nitrogen. Hence if the sum 
of the quantities of oxygon and nitrogen « S, and that of hydrogen H « H| + H,, 
where H| denotes the free and U, the <5^mbined hydrogen, the value of will be 
^ . S 

appjrqximately — , since 1 part by wei^hb of hydrogen combines with 8 parts of 

' ■ ^ . . *■ 1 . 

oxygen [and the amount of nitrogen is small in comparison with that of oxygen]. If 

then H and S are known, H| can easily bo found. The physical properties of coal 
seem to depend mainly on the proportion between the free and combined hydrogen. 

|n the following table, deduced from the analyses of a large number of coals from 
Upper Silesia, tlu> (quantities of free and combined hydrogen are referred to 1000 
pounds of coal. * 


1000 of llu. Ibo. 

Caking coals Cont-iun moi^ than 40 free, less than 20 combined H. 

HifRculUy caking gus- * * , 

coals . . Contain more than 40 free, more than 20 combined H« 

Kou-cakiiig gas-coals 

and saiid-cosds . . ''Contaiu less than 40 free, less than 20 combined H. 

Flint-coals, aiithrackes Contain less than 40 free, more than 20 combined H, 
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The cakiDg power of a eoal Jncreaeee therefore with the amount of free, and 
diminishes with the amount of combined ehydrogen. A cotd may be rich in free 
hydrogen, and nevarthelese^ m^y poMoss but liUde caking power, namely, when it 
also contains a large amount of combined liydrogeu. ^ 

According to F. Muck {Chnnische A^horismen ubqf' Sieinkohl^n, Bochum, 1873; 
Jahresb.f. Vhtm, 1873. Iu89), Westphalian caking coals (yielding when h^ted a 
coherent, fused, and decidedly tumefied mass) cannot bo placed in Fleck's elassiflKtion. 
According to the latter, such coals should contain more than 40 lbs. of available, 
and less than 20 lbs. of combined hydrogen to 1000 lljs. of oarlwn, wherd&fil Muck, out 
of 49 samples, finds tlie amount of available iiydrogen to be in 25 samples below 40, 
in 11 below 36, and in 4 below 30 lbs, to 1000 lbs. of carbon. Fleck is of opinion 
that the degree of tumefaction of coals in coking likewise increases with the amount of 
available hydrogen. According to Muck, on the other hand, the greatest 'tumefaction 
takes place in those coals which have the smallest tctJil nmouiit of hydrogen, and of 
combined hydrogen, and yield the laigest proportion of coke, whereas the available 
hydrogen has no influence on the tumefaction. With a nearly equal total amount of 
hydrogen, the yield of coke decreases with increasing amDUiit of combined hydrogen, 
and with decreasing amount of free hydrogen. With nearlj' equal amount of available 
hydrogen, the yield of coke decreases as the total amount of hydrogen increases. 
With nearly equal combined hydrogen the yield of coke decreases as the preportion of 
free hydrogen increases. Coals from the same pit often differing from one another iu 
external appearance (lustre, structure, &c), yield less coke in pro})ortion as they cou- 
tain a greater proportion of available, less of combined, and more of total hydrogen. 
Coals of equal percentage comjxisitiou may contain hydrogen combined in various 
ways ; they are then isomeric with one another, and in spite of their agreement in 
chemical composition, they yield different quantities of coke. The determination 
of the yield of coke is regai^e<l by Muck as afToivling a very good criterion of the 
character of a coal. 

The bituminous shales {^Brandschirfery often found accompanying caking gbali 
contain a larger Amount of available hydrogen and of vplatilo constituents in ^mkral 
(calculateii on the substance free from asJi), than coals from the same field, also re- 
garded as free from ash. 

Oasea enoloaad in coal. An oxamUiation of the gases enclosed in coals 
from the South Wales basin, and of the ga.scs evolved from blowers, and by boring 
into the coal itself, has been made by J. W. Thomas (CAcm. Boo, J, 1875, 798). 

The method of collecting the gases is ns follows ; 

Slices of cotvl wore sawn out of the middle of large cubes, and a strip n):>out g of an 
inch in thickness and G to 8 ineboL long was next rut from the middle of this slice, the 
edges being rounded off,' so as tu make it slide rcjulily into a glass tube' of the proper ^ 
diameter. The coal was brushed with a feather tx> remove adhering and 

quickly phiced in tJie glass tube, one end of whicli luid previously been drawm out into 
a long narrow neck, so us to form a connection with a Hprengol mercurial pump. Xho 
other end was then sealed ofFbofire the blow’pipe, at a sufficient distance from the coal td 
prevent any materiul rise in teni{>or?ituro. The usual water-joint connection was then 
made with the Sprcngel pump, the p.ir exhausted as quickly as possible, until almost 
a perfect vacuum had been obtaino<i, and the last portion of the gases which was 
brought over collected and Kubjccted to analysis. Many of the bituminous and steam 
coals of the South Wales coal-field are of ap4iroa8 nature, and fur from harder ^nse; 
and from their physicuil asp^«t it appetired«prv>l>able that, on withdrawing tjie air 
from around the strips of coal, and on the formation of a partial vacuum, a large 
portion of the gases enclosed in the coal w'ouTd eectij^e. This however wa# not 
to bo the case, as very little ga'i was evolved from any of the coals eASlBfalsdt Sven 
when almost a complete vacuum had been obtained, and the amount of gases so 
off rarely exceeded 2 or 3 c.c. per 100 grams of coal. Some of the Steam anA bitu- 
minous coals, w’hich were hard and laminaU-d, os well os the still hofder and denser 
anthracites, evolved only traces of gas, whilst the enclosed gases were rapi^y gCven 
off as soon as the temperaturj;* was raised. 

When the whole of the air hod been removqd* the tube containing the coal was 
immersed in a vessel of boiling water and kept at 3 temperature of 4p0^ for about 
seven hours, or until the mercuiy pump ceased to bring over aiiy appreciable quanti^ 
of gas. The gases thus evolved were collected in graduated tubes. 

From to to 30 grams of coal were usually employed in each experiment, aepordiag 
to the nature of the coal and the quantity of gas evolved, a veiy small quantity of 
anthracite being sufficient to fomiidi an ample amoutt of gas for analysis, whilst 
highly bituminous coals gave off so little gas that 30 grams oFWis were required tO 
yield the necessaxr volume. . _ . 

ifda^p. If Ha ^ 
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Th* rapidity with which the occluded gases lit eTolved in a Tacuum at 100* 
depends upon the hardness of the coal aiA the quantity of gas enclosed. By far the 
>rtion of the gases given dffat that temperat^^ brought over by the pump 
e first ^hroe hours. « 


9 complete expulsion of the gases is not however effected at 100*, or even at 
200*^ a considerable quantity still remaining imprisoned in the pores of tho coal after 
it h^ heep kept at that temperature. In a few instances this was proved by heating 
the coal tb 300"^, or close upon the point at which decomposition begins.’*' 

The coiAs examined were of three kinds, bituminous coal, also called house- 


coal; steam coal, intermediate in chasacter between bituminous coal and anthracite, 


and very abundant in the 8outh Wales basin; and lastly anthracite. 

The gases from these three classes of coal differ in quality and still more in 
quantity. The bituminous coals, when on or near the surface, contain little or no 
marsh-gns, but usually a large' proportion of carbon dioxide. The quantity of gas 
which they yield is much smaller than that given off from steam coal or from 
anthracite. The bituminous character of a coal might indeed be inferrod, without 
much risk of error, from the quality and quantity of the evolved gases. 

The smallness of tho quantity of marsh-gas usually enclosed in bituminous coals 
Accounts for tho fact that seams of these coals can be and are worked all over South 


Wales with naked lights. Tho few samples taken from deeper levels which contained 
a high percentage of marsh-gas still differ materially from the steam coal and 
nbthracite, by giving off comparatively small quantities of gases. The real 
difficulty of working these seams arises, in fact, not so much from the presence of 
marsh-gas as from that of carbon dioxide. None of the coals examined yielded 
carbon monoxide. 


^ Steam coals evolve a much larger quantity of gases than bituminous coals, and 
their composition also differs by showing invariably a very high percentage of marsh- 
gas**-as much, in fact, ns 87 per cent. The volume of gas depends in a great 
m^ure ppon tho hnrdncs.s and porosity of tho coals, and upon the time which has 
eli^sed since they wore removed from their respective seams or veins ; this latter 
remark applies equally to all cools. 

llSrd compact steam coals, especially those showing laminated structure, evolve a 
quantity Of gas approaching to Uiat given off by anthracites. 

Steam coal also gives off a const ierablo quantity of gas at 200*, after having boon 
previously heated at 100* for some hours. 

Anthracites yield by far the laigost gas-volumes, sample H, in the following 
table, of specific gravity 1'35, and giving on analysis 2*67 per cent, of hydrogen, yielded 
from 100 grams of coal as much as 600 c.c. of gas, when heated at lOO'^ for seven hours. 
On heating it«to 200'^ for eight hours, close upon 1,000 c.c. of gas were obtained, whilst 
'lit 300* a still further quantity was given off the gjis obtained amounting altogether 
to Ifif diJ, c.c, per 100 grams of coal. 

^ Tho composition of the gases evolved from anthracites closely resembles that from 
steam coals. The only difference appears to bo that tho anthracites from the western 
part of tho co^-basin occlude more marsh-gas and loss carbon dioxide (sample 
Ifi), and that they are absolutely free from oxygen, while steam coals, as a rule, showed 
traces of oxygoij, probably derived from air diffmted into the coal during the time of 
handling it. * 


The gases evolved from anthracite at 100*. 200*, and 300, are analogous in com- 
pdsitien, in so far as they consist of carbon dioxide, marsh-gas, and nitrogen only; 
but the peredutage of the latter is zieduced to a mere trace (in fact, within tne 
^imlwqiptl i^ita of error) at the hig^e^ temperatures ; the percentage of carbon 
^^|dK^&||£^crea868, leaving a gas- volume consisting almost entirely of marsh- 

table shows the quantities of gases evolved, as well as the per- 

^ This shows that Meyer's method of expelling the gases by boiling the coni with de-si^ted water 
(2n4 3uppi, 8fi8) oonld ^ot have yielded the whole of the gases enclos^ In the coals. Other sources 
of iasoonracy in this method are to be found in the welMtnou’tt dhncolty of remoring the whole of 
tho ghsSB fnm water, even under re^uced^reesure, and in the solubility of carbon dio^de in water. 
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4, 


Oompoaltlon of Gkueo 



1 

65*9 o.c. 

36*42 

0*80 

— 

'«2-78 

2 

61-2 C.C. 

16*77 

2-72 

040 

' '•80*11 

3 

55T c.c. 

544 

. 1*05 

63*76 

29*75 

3a 

73 6 c.c. 

12*34 

0 64 

7251 

14*61 

4 

194*8 c.c. 

504 

o;i3 

87-30 

7*33 

fi 

250*1 c.c. 

13-21 

0-49 

81*64 

" 4*66 

6 

218*4 c.c. 

5-40 

0 44 

84*22 

9*88 

7 

147*4 c.c. 

18-90 

102 

67*47 

12 61 

8 

375*4 c.c. 

9*25 

034 

86-92 

3*49 

y 

140*3 c.c. 

11*35 

0*56 

73*47 

14-6S 

! 10 

21 0*4 c.c. 

5-64 

0*54 

82*70 

11*12 


24*0 c.c. 

22*16 

6*09 " 

2*68 

69*07 

1 12 

39*7 C.C. 

9*43 

225 

31-98 

56*34 

13 

555*5 c.o. 

2*62 

— 

93*13 

4*25 


6(»0*G c.c. 

14 72 

— 

84*18 

110 


1. BitUTninou8» from a levol above South Pit, Plymouth Iron Works. 

2. Bituminous, from South Pit , Plymouth Iron works. 

3. Bituminous, from Cwm-Cly«lnch. 

3fl. Somi -bituminous, from Buto Merthyr Colliory, Rhondda district. 

4. Steam, from Bute Merthyr Colliery ; 2 ft. 9 in. scam. 

5. Steam, from upper 4 ft. seam, Navigation Colliery. 

Ci. Steam, from upper 4 ft. sivim, Dunrar'cn Colliory. 

7. Steam, from upper 4 it. seam, Cyfartha. 

8. Steam, fn>m 6 ft. soam, Bute Merthyr Colliery. ^ 

0. Steam, from 6 ft. seam, Dunravon Colliery. 

10. Steam, from 9 ft. seam, Dulfryn Colliery. 

11. BiturainouH, from Bettwys Coiil, Ogmoro VaHe3^ 

12. Bituminous, fnim f^iintwit, 

13. Anthracite, from Ikjvillo Court. 

14. Anthracit4», Watnoy’s Llanelly. 

It is nocessary to oliserve that tho proceeding conclusions as to the large ^uaptitisA 
of ga.s evolvwl from anthmeifos, apply only to these coals when ezamiifhdin ^ t£o 
laboratory ; an<l it must not be taken for granto<l that, Iiecauso a coal eoDtaina a 
quantity of occluded gases, even 'f they wnsist mainly of marsh-gas; soam or ^li 
from which it is derived is a fiery one, and requires great caution in working. ThO' 
very reverse is indeed often the rase. Steam coal yields less gas than anmraeito, 
but it is not therefore safer to work. Before removal from the vein It holds enclosed 
a much larger quantity of gtis, but being loss har<l iind more porouii than anthracite it 
allows the gas to esr.ape from it in very much lai^or quantities. The volfliqe ^ gas 
rushing out from the working faces of most ijpep steam coals is enormous, w^reas 
little is evolved from the working face of anttinicite coal. The groat * and ^ 

jet-like structure of the latter accounts in a gteat measure also for ' 
of gas which it holds enclosed, njid it is prolNible th/it its formation 
place under such immense pressure that the gases generated dun ng 
of the organic matter into anthracite were not able to make their esiHlbv 

GaseM evoleed from Blowers , — To collect these gases the cnsellor reht iu^thsk 
rock from which they issued was carefully filM in with clay, to prevent the diflitsion 
of atmospheric air, and a sm*!! hole was left in the centre, into which a s^ass fbno«il 
was introduced, and made air-tight with clay. .Glay tubes whiiph bad- prwr&msijy 
been drawn out at each end into a small De<» were connected with tbs tvofnet hy 
means of india-rubber tubing and screw-claii^ were placed upon th# india^bb^ 
connectioDS at both ends of the tubes. ^ ^ ^ 

When the blower was a strong one, it ysa only necessary to allow the gssip 
through the tubes for about ten minutes, in order to displa^ the air. In molt esses 
however it was found impracticable to displace the wti|]^ of the air in this maiiner, ss 
the gas found several outlets through the many crat^ itf tlb rock. A donblsk^ii^l 
f^ngo was therefore employed, and wheq^ *11 the air had bees displae^ |he tubes 
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were sliglitly warmed, tlie clamps screw^ tight, and tlie tnbee taken without delay to 
the lamp station for the purpose of sealii^ the ends before a blowpipe flame. 

To compare Jthe blower gases wfth the gas evolved the coal won in the gallery 
or in wnich the blower>gas was collected, a hole was drilled into the solid 

face of the coal itself, and tba gases collected in the manner above mentioned. The 
sama, method was also used for collecting those bio wars which in some instances were 
carried to the surface of the pits. 

The following table shows the composition of blowers and gases from borings 


No. of 
sample 

Wbctber a blower, 
or obtained by 
boring into coal 

1 

Compotdtion of the gas 

Met^iane or 
marsh-gas 

Ethane 

Carbon 

dioxide 

Oxygen 

Nitrogen 


Blower 

97*65 



0*50 

__ 

1*85 


Boring 

97-31 

— 

0-38 

— 

2*31 


Blower 

96*74 

— 

0-47 

— 

2*79 


Boring 

96-54 

— 

0*44 

— 

3*02 

5 

Boring 

74-86 

— . 

• 0*15 

4*09 

20*30 

6 

Boring 

97-37 

— 

0*42 

— 

2*21 

7 

Boring ^ 

95*42 

— 

0-60 

— 

3*98 

8 

Blower* 

94*84 

— 

o-io 

— 

6*06 

9 

Blower 

95*05 

— 

4-26 

— 

0-69 

10 

Blower 

47*37 

— 

0-90 

10-15 

41*58 

11 

Blower 

95*47 

— 

0*62 

— 

3*91 

12 

Blower 

95-51 

— 

1*96 

— 

2*53 

13 

Blower 

94-78 ! 

0-90 

0-72 

— 

3*60 

14 

Blower 

95-56 ! 

— 

0*35 

0-11 

3*98 


1. Gases obtained from the top rock of the 6-fb. seam, Bunraven Colliery, Tro- 
herbert, 225 yards from the surfac<j, 

2. Gas obtained by boring into the coal, 6-ft. seam, Bunraven Colliery, 25 yards 
from the surface. 

3. Gas from top rock of 4 -ft. scam of the same colliery, and at the same depth. 

4. From the same seam and at the same depth by boring. 

5. From 6-ft. seam of the Fochriow Colliery, 11 o. 2, Merthyr district, 395 yards 
from the surface, by boring. 

6. From the 9-ft, seam of the same colliery, by boring 464 yards from the 
surface. 

7. From the 4-ft. seam of th 0 *South Pit, Plymouth Iron Works, Merthyr, by 
boring 300 yards from the surface. 

8. From the top rock of the same seam 300 yards below the surface ; water oozed 
out together with the gas : hence the low porcon^^e of carbon dioxide. 

9. Gas front top rock of 6 ft. seam, Forchammon Colliery, Aberdare district, 230 

yards from the surface. « 

10 Gas from a rent in the top rock of the 4-feet seam No. 2 Colliery, Rliondda 
district. * , 

11. From a heading connecting the wcast and downcast shafts, Bute Merthyr 

Oollisiy, Khondda district, situated aboht^O yards above the 2 ft. 9 in. seam, and 80 
yards from the surface. ' • 

12. Ohs obtained on the floor of a hard heading between the 6-ft. and 9-feet seam, 
Maestog Merthyr Colliery, 140 yards below the surface. 

18. Gtis obtained from the lamp-room, Llwyn^pia Colliery, Rhondda District, and 
hrdught up to the surface for lighting purposes. Several analyses showed that it 
contained a small quantity of some hydrocarbon, pr|>bably ethane, in addition to 
methane. Some of the other samjples likewise appcarod to contain traces of this 
hydrocarbon. ‘ 

14. Ga8*oollected from the side of Cwm Park Brook, Ystrad Rhondda district 
where it escaped in large quantity! 

Thpae blower gases from the South Wales coal-field exhibit great similarity of 
composition amongst themselves ; from those of the North of Kngland coal-fields 
analysed by Playfair {Record cf the Museum of Economic Geology, J^une 1846), they 
dififer in their l^h percentage of marsh-gas and comparatively low percent^ of 
nitrogen.^ * ak < 
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€Im0s •nol€«04 In Oai^el CmIs si^d Mt (J. W. Thomas, CUm. «r. 
1876, ii. H4). The method used for obtaining the enMosed gases anui similar to that 
described a^Te, excepting that floreneet flasks, haring their necks drawn ont 
and bent over, were substitntec^ for glass tubes aihen Scotch oannel was emplm^, 
a large quantity of coal being required to famish the ne^sory Tolunm of gas. These 
coals wore broken in a mortar and passed through a siefd baring 9 meshes to the inch, 
and the dust was removed by a sieve haring 64 meshes to the in^. ^ * 

The following table shows from whence the cannel coals and jet wore obthined ; — 


No. of 
sample 

Description ^ 

Distrlot 

No. 1 

Wigan cannel { scam, 360 yards deep. 

Wigan Arley Mine, Lancashire 


coal-field. 

2 

Wigan cannel f seam, 600 vards deep. 

Lancashire coal-field. 

3 

Scotch cannel (Hey wood c^ncl, Wil- 

Lanark. 


son town). 


4 

6 

Scotch cannel (Ix)smaliago). 

Whitohill cannel shale. Lasswade. 

Edinburgh. 

6 

Whitby jot (finest quality for orna- 

Whitby. 


ments). 


Cannel coals are usually very hard and closo^gniined, fraotpring coucboVdal, wi^* 
out crumbling, and whon placoii in a vacuum do not rvolvo any appreciable quantity 
of gas. No. 1 was nomowhat porous, and resombled in appearance the hardest steam 
coals of the South Wales basin. 


Composition of Gases, 



Otw crolrcsd by 



• 



No. of 
mmi lo 

100 gratuK of 
coal at lOO^ 
under a 

Turlion 

diuxido 

Methansor 

marali'KOh 

Ethane or 
hydride 
of ethyl 

Butane or 
diethyl. 

Nitrogen 


vacuum 




• 

I 

421 3 c.c. 

6‘44 

80*69 

4*76 



8*12 

2 

360 C c.c. 

9 06 


7 '80 

, — 


3 

18*6 c.c. 

63*94 



— 

— 


4 

667 c.c. 

84 65 



jCMl-r 
) 0*91 V 

14*64 

5 

667 c.c. 

68*76 • 


2*67 


d»8*68 

1 « 

30'20c.c. 

10*93 

— 

— 

80 00 

i 

2*17 


The coals cxamiijt.*d by Moyer from the Newcastle and Durham coal-fields did not 
contain any hydrocarbon other than piarsh-gas (‘i«d iktppL 368) ; and the bituminous 
anthracite and steam coals aV»ove described likewise contained only CO*, CH\ O andX 
as ooclude<l gas. «, 

Cannel coals however differ considerably from all these, inasmuch as they oncloso 
ethane, and most probably proi^me, C’JIJ”, and all the members of the paraffin 

series. 

The whole of the cannel coals and jet cbhfliin the gases of tho parafSin series, and 
oily matters apparently belonging thereto. Wigan canncls, with regard to the gases 
which they holcfenclosaa, occupy a position intermediate between steam and Scotch cannel f 
and Scotch cannel occupies a position interroodiato between bituminous house coals and 
Wigan cannel. Thus, in the Wigan cannels, there is a large volume of gas, consisting 
for the roost part of marsh-gas, with a low percentage of carbon dioxide and nitroflbn, 
and, in these respects, closely allied to the sUam coals. The Scotch cannels, on tfas 
other hand, contain but littlV gas, which consists^ almost entlliuly of carbon dioxide 
and nitrogen, similar to the bituminous class of house^oals. Scotch canuoi contains 
a small quantity of the higher hydrocarbon g^es. 

In the analysis of sample 4, the iwipective volomes of the contniction after ex- 
plosion, carbon dioxide formed, and oxygen consumed, when compar ed with the 
volume, agree nearly with propane ; it is possible, therefore, that Cu*, 
may also be present. In sample No. 6, and C*H* epee nearly with the respective 
volumes above mentioned. " 
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The gasee from some of the caunel coals, when treated with fuming sulphimo 
acid, ahowed indications of oledne gases G"H^, but it is probable that the loss in 
volume was due to the absorption of the UB^pour of the higher hydrocarbons, because, 
when the whole volume of combustihl^ "wm explq^ed, the CO^ formed, 0 con* 
sumed, and coutJbction due to explosion, did not agree with the calculated volume. 

Negative results were ob^ined with anunonio-cuprous chloride, showing the 
abset^ of carbon monoxide. 

Jet differs from the harder cannels by occluding 5nly a small percentage of CO^ 
and N, and also by containing a large percentage of gas. The tube in which 

the gases wc&e brought over by the pump contained one- or two-tenths of a c.c. of oily 
matter emitting the odour of paraffin. ^ 

enoloaed in lignite and BCtneral Keain from Sowey Seathfield 
in Devonslilro (Thomas, Chem, 8oc, cJ* 1877, ii. 146). The chemical composition 
of the lignites of this locality approaches that of some of the canned and bituminous 
coals, but their structure differs greatly from that of the latter. Considerable dif- 
ferences are also found between the gases enclosed in lignite and in cannel. The 
greater portion of the gas enclosed, both in lignite and in cannel, consists indeed of GO^ 
but whereas cannel encloses gases, and apparently, also, liquid compounds of the 
paraffin series, the lignites contain oledne gases, OH^, and oily matters belonging to 
the aromatic series, in addition to appreciable quantities of carbon monoxide. 

Lignites are much less stable than the coals of the carboniferous formation, de- 
composing in a vacuum at a much lower temperature — which in all those examined 
was below 200® — whereas the coals of the carboniferous era usually resist decomposi- 
tion at 300®. Lignites are also very hygroscopic, the Bovey lignites especially so, 
reabsorbing from 10 to 12 per cent, of water in a few hours after being thoroughly 
desiccated. 

The following table shows the composition of the gases evolved from leafy lignite 
from Bovey Heathfield at different temperatures. 100 grams of this lignite evolved 
66*1 c.c, of gas at 60®, after prolonged heating for 12 days and nights, 90 per cent, 
being given off in the first two' days, and the coal being apparently exhausted after 
the fourth day. The same lignite subsequently heated at 100® for 18 days, evolved 
69*9 c^. of gas. The temperature w^s then raised and maintained at 200®. At 
about 160® decomposition set in, and the surface of the mercury in the collecting 
lube bocumo blackened by formation of mercury sulphide. 


«» 

ComjMsiiion of Gaa in 100 parts. 



The gas evolved at the higher temperatures smelt strongly of organo-sulphur com- 
pounds, and blackened the mercury in^hp tube of the Sprengel pump. When first 
collected it smelt of lucrcaptan, but after it was transferred to the apparatus for 
analysis, the odour of the more volatile sulphur-compounds disappeared, leaving un- 
mistakable evidence of the Mesonce of allyl sulphide. 

A woody lignite from Bovey gave off at 100® a yellow sublimate consisting of 
small crystals of sulphur; it began to decompose at 183®, and at 200® gave off gas 
smelling of ally sulphide, but containing only traces of hydrogen sulphide. The com- 
position of the gas given off at 200® was ; # 

exj" CO cn* c*H* N • 

86*8</ 7-41 2*08 3-34 0*63 0*34 - 100 

The gas given off from the same lignite at 100® contained from 95*34 to 96*74 per 
cent. 00*. 

• 0*49 OT*+6*48 C*H*, ^ 

t A small percentage of S^, Included in the CO\ was leA ondetermined hr mistake. 
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A thin! lignite from the same locality gave off at 200^, 

CO* 00 OH*» H 6H* N 

91*68 M2 ^0*41 taSce ^ 0*41 0*38 « 100 a 

The same lignite yielded 94*98 per cent. CO^ at aad 97*8 per cwt. at 100^ 

The mineral resin (Hatchett's retinasphalt, ▼. 98} yielded but a small Quan- 
tity of gas at 60®. At 100® in a vacuum, 100 grams of it yielded 21*4 c,c. #r g!W, 
containing in 100 pts. ; 

CO* CO c*H*« N O ' 

88 24 7*90 0*42 8*16 0*23 

Between 110® and 120® the resin began to molt and decompose, giving off a large 
quantity of sulphur-compounds, which attachod tho mercury of the pump so strongly, 
that before tho heat was raised to 160®, the gas could no longer bo passed over. 
Previous to this, however, a quantity of gas was obtained equal to 180 c.c. per 100 
grams of substance. This gas smelt somewhat like oil of amber, and contained in 
100 pts. 

CO CH* 0*H* N 

78*88 7*82 2’67 8*06 1*86 0*31 0*41 

OOAJb*OA8. Analyses of London coal gas have recently boon madtt by T. 8. 
llumpidgo {Chrm. Soc. J. 1876, i. 621). Tho wimples of gas wore collecU^d in sealed 
tubes, the air of which was displaced by a rapid current of tho gas. Tho mode of 
analysis employed was that describcxl in Bnnson's Giisoniotry, in the cluipU^r on Gas- 
nnalysis in Sutton's volumetric Analysis, and in tho article Analysis of Gases, in Uiis 
Dictionary (i. 268-280). 

To distinguish the several hydrocarbons absorbed by fuming sulphuric acid, it 
was necessary to determine thoir carbon-density (or the value of » in the formula 
C"!!®), as well as their percentage volume. This carbon-density is expressed by tho 
volume of carbon dioxide produced by the Cfunlmstiou of one volume of the bydro- 
carlxins, thus : — 

G* . . . . + «0* *=• fiCO* + . . . . 

and this CO* was found in tho following mannci : — 

The heavy liydrocurbons in 100 vols. of the gas were first removed, and then the 
\^olumo (A) of curlxm dioxide, produced by the coinbuKtion of tho residue, was doter- 
mino<L Then tho volume of carbon dioxide (B) nroducod by the combustion of 100 
volumes of the entire gas was determined. Now, if tho percentage of tlio condensable 
hydrocarbons bo represented by C, tho volume of carbon dioxide x>n>duced by tho com- 
bustion of one volume of these gases, in other words, thoir carbon -density, or tho 
value of « in tho formula C'D®, will be : 


B-A " 
G 


Again, their equivalent in ethylene (f.c. where for 100 vols. of the gas is 

found by multiplying their peiwntago by half their carbon-density, that is ^ Cd, 
whore d is tho donsity ; or substituting the value of d obtained above, tho equivalent 
in ethylene is 

B-dr 

The results of the analyses made in May 1876, together with othon made by 
Fraiikland in 1 867t are given in the following tables (p. 636) : 

Frankland haa shown (CAem. Soc. J. v. 3ft) that marsb-gaa and carbon monoxide 
contribute nothing to the illuminating power of a gsa, being in fact a« much without 
illuminating power as hydrogen. In the case of cannel gases the illuminating power 
may be calculated from tha equivalent of ethylene ; but ordinary ooal-gas contains 
traces of other hydrocarbons, possibly paraffins, 0*H*, not condensable 

by faming sulphoric acid ; these, however, have bat a slight influence /m the illomi- 
nating power, • 

On oomparing the two sets of analyses of the London gas, made at an in- 
terval of twenty-fi-ve years, it will be seen that the real illunHnating power of the 
gas has not increased, and that in the case of caunel gas it has actually dimt- 
nishod. 
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Beith^ot {Con^, rmd, Ixudi. 871i 827) baa esaminad the ooal-gM of Paris, and 
finds it to contain oensene, propylene, aUjlene, crotonyloM, and terene^ (OH*). The 
bensene vas determined by collecting the gas f^er water in a vessel which wm closed^ 
when full, by a cork supporting a tube of 1 c.c. capacity, filled with fuming nitric 
acid. On shaking the appiratus this tobo was broken, ang the nitric ai^d acted upon 
the benzene, contorting it into nitrobenzene ; the excess €£ nitrous vapour was tnen 
removed by potash, and the volume of the residual gas determined. The proportio|kof 
benzene-vapour in the gas was thus found to be front 3 to 3’5 volumes per cent. The 
proportion of the gas absorbeil by bromine did not exceed 3*3 volumes per cent. : 
nence Berthelot concludes that the quantities of acetylene and ethylene in tno gas do 
not amount to more than to For th% estimation of butylene, t&c., the gas 

was passed through sulphuric acid diluted with an couai volume of water, and then 
over pumice soaked in strong sulpliuric acid. In Use diluted acid, a quantity of 
tarry liquid (b.p. 360°—400^) separated, amounting to 4 or 3 gnuns fur 100 cubic 
meters of the gas. The watery liquid itself contained about 0'23 gram of acetone, 
which Berthelot attributes to the hydration of allylcno contained in the gas. 

In the vessel containing the concentrated sulphuric acid, a supernatant layer of 
hydrocarbons was formed, U^gether with sulphuric acid more or less altered. On 
treating this liquid with water, a quantity (25 grams) of viscid hydrocarbons boiling 
at 300® to 400® was separated, and sulphurous acid was evolved. The water itself 
hud taken up isopropyl alcohol (0 5 gn\ni). From the supernatant layer of hydrocar* 
Lons the following wore sopiiratcd : 

Benzene 2 per cent. 

Mesitylono 6 „ (b. p. 160®) 

Cyroono 20 „ ( „ 180®) 

Tricrotouyleno(C>»H‘'') ... 30 „ ( „ 220®- 240®) 

Colopheuo (C'»H«) . . . . 32 „ ( 300®-320®) 

Residue 6 „ ( „ 320®) 

Loss ...... 0 „ 

Berthelot regards those hydrocarl>on«, with the exception of benzene, as condoniia* 
tion-producta pr^uced by tlio action of the suIpliWic acid f)n volatile hydrocarbon:-? con- 
tained in the gas ; inesitylcno by the union of 3 mol. nllylone; oymeno by partial 
oxidation of terobeno (C**!!'*), which again may bo supposed to bo formed from 
2 mols. of terene or propyhicotyleno (’C*!!*); tricrf.lonylouo may bo reganled as a con* 
detiKati on-product of crotonylcno, and colopbeno as similarly formwl from tcreno. 

From the preceding dat4i the portion of the gas absorbablo by bromine may bo 
supposed to contiiin in a million parts by volnino: 

Vapour of bonzeue .... C^TT* 30,000 to 35,000 

Acetylene ...... 1,000 

Ethylene CHV 1,000 to 2,000 

Propylene 2*5 

Allyleno ...... C*H‘ 8 

But5']ene, &c, ..... C*I1* truces 

Crotonylono ..... C*H* 31 

Tererio . . . . , . C*!!* 42 ■ 

Nearly non-volatilu comU-nsatioij-p^ ^- 

ducts — 83 

Diacetylene and analagous>com]H^uiidK — 15 . 

• 

These hydrocarbons may bo supposed to h«^«nnftd partly by the destructive din- 
tillation of the coal itself, partly from the so-called fiindiamentaf hydrocarbons, acety- 
lene, ethylene, ethane, and methane. 

Dittmar (C5e»t. News, xxxir. 146) has analysed the gus of Edinburgh, and finds, 
in accordance with the results of the analysis of coal-gas from various sources by 
Bunsen, Landolt, and others, that this gas contains but an extremely small quantity 
of bf^nzene, and scarcely a trace of any heavy hydrocarbon except ethylene. Ho shows 
that the liquid bromides sepaxxted by bromine from coal-gas, are almost wholly de- 
composed by alcoholic potash, and, consequently, tha4 on^ a minute proportion of them 
can consist of benzene bromide, w*hicb is not decompose by alcoholic p<yasb.* On 
the ober band, he observes that benzene, evefi in small quantity, may incrc*ase the 
luminosity of a gas much more than ethylene ; for a mixture of 3 vol. ethylene with 

* The nea-occumnee of benzene bromide among the liquid bromides obtained from coal-gM.doos 
not prove the afasaaoe oi benaeno In the gw itself, iosMsueb as Ijenikie does not unite with brumlns, 

W tbe Influence of brij^ht sunsbioc. 
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8 Tol. iSjdrogeo burns with an almost non-luminous flame, whereas hydrogen mixed 
with only 3 per cent, of benzene-vapour bums with a veijr bright flame. 

On the Analysis of Coal-gas, see flir^er Berthelot rend, Ixxxiii. 1255 ; 

Ixxxiv. 670 ; Ckem. 8oo, Jl 1877iti. 743 ; ii. 447). r ^ 

The following comparative statement of the composition of coal-gas, in various 
localities, is given by F. Chandler (^American Chemist ^ vi. 285 ) : 


Hydrogen 

Marsh-gas . . . . * . 

Carbon Monoxide 

Heavy Hydrocarbons . 

Nitrogen ..... 
Carbon Dioxide .... 
Water-vapour .... 

Heidelberg 

• 

Bonn 


London 

Chemnitz 

Ordinary 

ooal-gas 

Cannol 

gas 

4400 
38*40 
i 6*73 
7-27 
4-23 
037 

39-80 

43-12 

4-66 

4-75 

4-66 

3-02 

I 

51-29 

36-45 

4*46 

4-91 

1-41 

1-08 

1 

27-70 

50-00 

6-80 

13-00 

0-40 

0*10 

2-00 


An elaborate paper on the composition and properties of coal-gas, with reference 
to its’ technical value, based especially on an examination of the Berlin gas, has 
been published by Tioftrunk {Din^L pol. J, ccxxii. 460, 558 ; Jahresb.f, Chem, 1876, 
1168). 

Puriflofttton of Coal-gas. 1. From Hydrogen Sulphide and Ammonia , — The 
hydrogen sulphide present in crude coal-gas is now generally removed by means of 
ferric hydrate. Now this hydrate, technically known as * oxide,’ becomes ‘ spent,’ 
after having been used some twenty or thirty times, and is then sold to the vitriol- 
maker. To prevent this deterioration, Harcourt and Fison have devised a process, 
whick at tho same time removes the ammonia from the gas without the use of * scrub- 
l)ers,’ and enables tho gas manufacturer to obtain sulphur containing but littlo 
impurity, and ammonia in tho form of sulphate. Tho method, which is continuous, 
consists essentially in moistening' ^ho oxide with a solution of ferric sulphate con- 
taining sulphuric acid, before introducing it into the purifier. The ammonia of tho 
gas entering the purifier is converted into sulphate, and the ferric oxide formed fixes 
the sulphur. The oxide, after removal from tho purifier, is washed with w'ater. which 
removes the ammonium sulphate, and a portion ^of the residue is boiled with dilute 
sulphuric acid, which dissolves ferric oxide for a fresh charge, and leaves the sulphur. 
In practice it is found best to proceed thus : the oxide taken from the purifier is 
washed with water, and the liquor evaporated to obtain ammonium sulphate, a little 
sulphuric acid being first added. , The oxide is then boiled successively with four 
dilute solutions of sulphuric acid, a, 6, c, d, each weaker than tho preceding, and 
finally washed with water. Solution a is used in moistening a fresh charge of oxide 
before it enters tho purifier. Solution b becomes solution a when more oxide is ready 
for extraction* Solution c then takes tjio placd of 5, and d of c, Uie water used at the 
end of tho previous treatment becoming t^e solution d of the now one {Chem. News, 
xxviii. 175). 

2. Frotnt Carbon Disulphide , — The vapour of tliis compound is not removed from 
coal-gas by the ordinary method of pfirificatiou from sulphuretted hydrogen, and, con- 
sequontty, when tho gas is burned, sulphurous anhydride is produced. It may, however, 
be removed by passing the gas (either before or aftu purification) through an iron tube 
filled with iron turnings, and heated to redness. Tne sulphur of the carbon sulphide 
is, in this manner, converted into sulphuretted hydrogen, and the total amount of 
carbon sulphide is so far reduced, that the gas, after purification from sulphuretted 
hydrogen, contains only 6 or 6 grains of sulphur instead of 30 grains in 100 cubic 
foot, 

A somewhat greater reduction in the amount of iulphur is obtained by heating 
the gas after, instead of before phrification, and purifying it a second time. When 
coal-gas if passed slowly over red-tiot iron, a soft, black, carbonaceous deposit is 
formed, and the gas is deprived of a portion of its carbon ; but if the gas be passed 
through more rapidly, no such deposition takes place, although the time of contact 
with the heated surface is sufiBcient to eflect the conversion of the carbon sulphide 
into sulphuretted hydrogenc Ihe latter case, no diminution in the illuminating 
power of the gas takes place ; on the contrary, if the heat be raised to bright redness, 
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a alight jet perceptible incraaee iu the iliuminatiag power may be obser^ (A* 
VemoD Harcourt^ vkem, Soe, J, 1873, 299). 

WTeet of Beat on Ooal«gas« Btochma&i Annalem, dzxiii. 187) ha» 

stadied the alterations produced Hsx coal-gas, by panlliig it through a jpoieelain tuba 
heated to nearly 1,000^, the teniperatare boii^ estimatedi>y means of small pieces of 
metaU and alloys of known melting points. The following table shows tlie composi- 
tion of the gae before and after the experiment : ^ 






Before 

After 

Hydrcgen . 
Marsh-gas . 

• 



49*67 

36*92 

61*96 

30*49 

Carbon Monoxide 



6*63 

6*26 

Ktbylone . 

, 



8*92 

1*26 

Butylene . 

, 



2*99 

0*27 

Niti^en 

• 



0*07 

0*80 





100*00 

100*00 

Acetylene .* 

. 

. 

. 

0*06 

6*11 


The increase in the amount of hydrogen, ailer passing through the heated tube, 
arises from the decomposition of the hydrocarbons, and, in fact, the tube was found to 
Ix) lined with a deposit of carbon. 

The glass tube loading from the boated porcelain tube contained a deposit of 
uapbthalcDo, the production of which may be explained by the equations: 

6(yW « 6<7H» + 6H* 

6C=*H* » C‘*U" + IP 

Bffeot of Caowtolioiio Tnlien on the JCllomiBAttiig Bower of Ooal*g«0t 

/ulkowsky (DetU. Chem. Ges. Ber, v. 750) has measured this effect by enclosing 
tlireo mineralised caoutchouc tubes, having a total length of 4*28 nietrrs, in three 
glass tubes communicating with each other, and with the gas-motor of a photomotrical 
ap}mrutue« The gas-meter, which was so regulated us to furnish H cu]>ic foot in an 
hour, was then supplied altornatcly with coahgiis which had passed over the caout- 
chouc, or with ordinary coal-gas, and the illuminating )x>worN were cstiinatod : 


lUufiiinating Power of Coal-gas, 



Blrootly 

supplied 

Pawed over 

1 oooutchono 

Dirwily 

supf>U(3d 

Pawed over 
oiM>iit4:bc»no 

DlruefJy 

supplloO 

Iht sorit H . 

13 2 

10*7 

12 9 





2ml „ . 

12*2 

9*2 

121 

— 


3rd „ . . . 

— 

7*8 

11*2 

7*6 

11*3 

4th 

— 1 

9*8 

110 

9-9 

12*0 


The diminution of the illuminating power was thus proved to be duo not to thediifhsion 
through the caoutchouc, but to the absorption of some of the light-giving constituents 
by that substance. To determine the amount of this iibsorption, some pieces of black 
cwutchouc were dried in a vacuum over sulphuric acid, ana then placed in a chloride 
of calcium tube, through w*hich perfectly dry o8al koe was passed. The increase of 
w*eight after intervals of six hours is given iiwike fcdlowing table : 


The weight of the iAoatcliouc tube wm 

At the commencement . . . • 

11*889 

After 6 hours . 





12 001 

12 






12*126 

18 

9f • 





12*263 

24 

If 





12*369 

30 

ff 




* • • 

22*606 

41 






12*601 

47 

*• • 





12*746 

63 

•9 





12*816 

69 

13 * 





12*873 


Jnctmm of weight 


Total 


1*024 
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When ithe caoutchows tubes, after several d&ja* exposure to the current of gas, were 
transferred to a vacuum over sulphuric acid, the manometer rose slowly and the sul- 
phuric acid tum^ black, showing that^e absorbed gaseous constituents were given 
off again. t> f 

As the same effect mi^t be produced by diffusion when the caoutchouc tubes 
are exposed to the air, it is ^asy to see why tubes which have been in use for a long 
tii^e wminish the illuminating power quite £L8 much as new ones. 

The diminution of volume caused by the caoutchouc was found to bo very small, 
amounting to 1*1 per cent, only, but was much greater in the case of coal-gas which 
had been* passed over benzene, evidently because vapours are more easily absorbed 
than permanent gases. 

Products of Oombustton. On the products of the combustion of coal-ga^ in 
the non-luminous flame of the Bunsen burner, and of its imperfect combustion in 
the feeble, stroDg-smelliiig flame which bums at the bottom of the tube of the same 
burner, when the upward flow of tho ^as is not strong enough to keep up the combus- 
tion at the top, see the article Flamk in this volume. 

Products formed by ike Combustion of the Impurities in Coalryas. — C. B. Tichbome 
{Chem. News, xxx. 4) finds that the ammonia and aniline in cosl-gas are converted 
by oxidation into nitrous axnd, or one of the lower oxides of nitrogen. 

The products formed by the combustion of the sulphur are determined to a 
groat extent by the composition of the gas. In gas of high illuminating power — ^rich, 
therefore, in heavy hydrocarbons — the sulphur bums to sulphurous acid, but in gas of 
low illuminating power it bums to sulphuric acid. 

From experiments by Heisch, W. C. Young and Wignoi* {Analyst, Nov. 1877, pp. 
133, 135, and 138), it appears that the sulphur in ordinary coal-gas is converted by 
burning, for tho most part, if npt wholly, into sulphuric acid. Heisch found the air 
of a small, badly ventilated room in which coal-gas was burned, to be free from sul- 
phurous acid ; but by cooling the air and examining the moisture condensed, he found 
0‘3 grain of H^SO* per 100 cubic feet of gas burnt, the gas containing 20 grains of 
sulphur per 100 cubic feet. In a similar experiment with gas containing 5*5 grains of 
sulphur per 100 cubic feet, only 0*05^ g^ain of was found. Tho production of 

sulphuric acid, therefore, increases more rapidly than the actual amount of sulfihur. 
— Young has demonstrated by numerous experiments the presence of sulphuric acid in 
tho air of a veiy well-vontilated in which coabgas w^as burnt. Moist linen, 

jMipop, cards, &c., placed jn different parts of the room, and washed after the combus- 
tion had proceeded for a certain time, always yielded washings containing sulphuric 
acid. A deposit formed on tho inner surface of tho chimney of a * Sug^s London 
Argand * was found to consist of stannic sulphate : hence sulphuric acid was produced 
close to tile base of tho flame, whore combustion supposed to bo but partially com- 
plete. — ^Wigner examined the air which escaped from an artificially ventilated room in 
which «coal-gas was burned ; no sulphurous acid was detected, but quantities of 
sulphuric acid were obtained, representing 22 to 62 per cent, of the total sulphur in 
tho gas. 

Effect of Goal*ffiUi on Plants. Experiments have been made in the Botanic 
Garden at Berlin, to determine the effect produced upon the roots of trees and shrubs 
by gas escapinl^ itom pipra into the soih A maple and a lime-tree, 3} and 6} feet in 
diameter, were treated daily for six mouths# beginning in July, with 100 cubic feet of 
gas, introduced 2^ feet under the surface of the soil, and about 3 or 4 feet from the 
trees ; they began to look sickljj after a month's exposure to the action of the ; the 
maple died in tho following spring, and tho lime in the summer. An examination of 
tho roots showed that the poisoning bdjpfls at the growing ends of the roots, and that 
the bark of the roots is not acted on. In another oxjviriment, 25 cubic feet of gas were 
dailv passed into a plot of ground having a surface of 144 square feet, and on which 
twelve young trees had been growing for a year and a half ; the trees showed signs 
of poisoning in a we6k*8 time, where the surface of the soil had been firmly stamped 
down, and in a month they had all lost' their leaves (Spath and Meyer, Annalen dcr 
Landwirthschaft, 1872, 764). ^ 

Further experiments showed ,that the same quantity of gas applied during the 
winter has a much less ii:\j%rious effect than when applied during the period of 
growth. was found that when 0*0165 cubic meter (6^ cubic feet) of gas were passed 
daily during the spring into a plot of 14*19 square meters (153 square feet) by 0*781 
meter (2^ toot) deep, on which 17 trees were growing, six of the trees were dead at 
the end of seven weelu, and aiter 1 1 weeks only two were living, and these in a sickly 
state. Lime and elm tree# appear to resist the iigurious action longest {Jerndw. 
VeT9uok$r8taiionen, xvi. 336). 
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J. Boehm {Ckem, CttUr, 1873, 765) found that cmttisga of willow, the lower ends 
of which were placed in flasks eontaining a lij^e water, and fllled with ooal-gas, deve* 
loped only i^ort roots, and that^e bods on the upoar pai^ died shortly after unfold- 
ing in the air. Of ten plants in pots (varieties orfuschia and salvig), amongst the 
roots of wluch coal-gas was conducted through opening in the bottoms of the pots, 
seven died in four months. To show that the plants wore kiUed, not by tho«|iuect 
action of the gas, but in consequent^e of the poisoning of the soil, several experiments 
were made with earth through which coal-gas hs^ passed for two or three hours 
daily for two and a-half years. The rootlets of seeds sown in this soil rcsrained very 
short, and soon rotted. A plant of Dracaena waa re-potted in the soil ; in ten da^ 
the leaves dried up and the roots died. Boehfh thinks that these results suffloiently 
account for the fact that trees planted near gas-pipes in streets so often die ; and 
recommends the enclosing of gas-pipes in wider tul>es, having openings to the air, and 
through which currents could be maiotaiued by artificial moans. Such a plan Is still 
more to be recommended on hygienic grounds, since it has been shown by Pettenkofer 
that infiltration of coal-gas through the soil t^es place even into houses not supplied 
with gas. 

OOBA&T. On the Magnetic properties of Metallic Cobalt, and the Alteration of 
its Molecular structure by Magnetisation, see MxoiniTisx. 

On the Spectra of ceitain Cobalt-compounds in Blowpipe Chemistry, see Homer 
(CAem. News, 1873, i. 241). 

Reaction with Hydrogen. — A tJiin eloctrolytically deposited plate of cobalt is 
capable of occluding hydrogen in the same manner as palladium (Bottger, J, pr, 
[2], ix. 193). 

Precipitalion. — W. Gibbs {Chem, News, 1873, ii. 61) describes a modification of 
W6hler*s method of precipitating cobalt from a solution of potassium cobalticyanide 
by mercuric nitrate, which consists in precipitating from a hot solution, ana then 
boiling the precipitate for some minutes with mercuric oxide. The granular, crystal- 
line, oasilv- washed, precipitate thus obtained is ignited in contact with the air, and 
finally reduced in a current of hydrogen gas. 

When magfteeium is irimorstm in a solution of cobalt chloride, hydrogen is ocrolvod, 
and a green precipitate of cobaltoiis oxide is formed, while nuignesium clilorido re- 
mains in solution : 

CoCP + Mg + IPO - CoO + MgCl* + IP 
(Kem, Chem. Ne^vs, xxxii. 309). 

According to L^oq do Boisbaudran (Compt. rend, Ixxxii. 1100), metallic cobalt is 
precipitated from its solutions by cine, pruvided the solution is not Um acid, and con- 
tains also a metal, such as copper or lead, which is easily retlucod by rAui, 

ElectrodeposUion. — According to Bottger {Ckem. Centr. 1876. 640). a bright coat- 
ing of cobalt may be deposited on brass or copper from a solution of the cblorido of 
cobalt and ammonium, subjected to the current of two Bunsen's elements. The solu- 
tion is best prepared by dissolving 40 grams of ci^stallisod cobalt chloride and 20 
grams of ammonium chloride in 100 c.c. of distilled water, and adding 20 c.c. of 
aqueous ammonia. 

On the Estimation of Cobalt by Electrodeposition, see Dingl. po}, J. cczxx. 06 ; 
Chem, 8oc, J. 1877, ii. 926, 

Estimation hy Precipitation as Oxalate. — A neutral concentrated solution of a 
cobalt salt is treated with a solution of pritassium oxalate (1 : 6) and strong acetic 
acid is added, as long as a precipitate is fonfled. This precipitate is warmed on a 
water-bath, collected on a filter, and washed with strong acetic acid, or a mixture of 
equal volumes of stroiw acetic acul, alcohol (96 per cent.), and water, and then ignited 
in the usual manner (Classen, Deut, Ckem, Gee, Ber. x. 1316). 

A similar method of precipitation may be applied to the separation of cobalt (and 
of nickel) from arsenic, instep of the use of hydrogen sulphide for precipitating the 
latter. The arsenical ore is dissolved in aqua n^a, any gin^ excess of acid is driven 
off by evaporation, and the boili^-hot solution is precipitated with sodium carbonate. 
The precipitate after washing is treated, while still moist, with excess of a strong 
solution of oxalic acid, whereby the cobalt and tfiokeb are converted into oxalates, 
while the whole of the arsenic passes into solution, together with any forr>i oxide that 
may be present. The mixed oxalates, after thorough washing, may be separated by 
means of ammonia. If copier be present, it may be separated by means of finely 
divided iron, before the precipitation with sodium cubonate (Wohler, Beut, Ckem, 
O^, Ber. X. 646). 

Separation from iVsehs^.— This separation ma^ be effected by adding a solution of 
potasstum xanthate to a cold, slightly acid solnUon of the two metals, whereby tht^ 
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are precipitated together as xanthates, and treating the precipitate, after decantation 
of the supernatant liquid, with aqueonsianimonia diluted with an equal bulk of water, 
whi<^ immediately dissolves thq zanthate of nickel, leaving the cobalt salt undis- 
solved (Fhipsssi, Chem, Newst zxzv. 270; zzxyi. 15U). 

Separation from Zine.—*ThiB metal also forms an easily soluble zanthate, and 
may, therefbre, be separated from cobalt in the fame planner as nickel (Phipson), 
Another mode of separation, depending on the volatility of zinc chloride, is given 
by ^reseniuB (ZeitscAr. Anal. Chem. 1873, 66). The solution of the two metals in 
hydrochloric acid is mixed with a sufEcient quantity of sal-ammoniac, and evaporated 
to dryness, and the dry residue is cwtiously heat^ till all the sal-ammoniac, and 
with it all the zinc chloride, is volatilised. 

On the Manufacture of Large Castings of Cobalt, see Winkler {Dingl, pot. J, 
ccxxii. 176; Chem. Soc. J. 1877, i. 238). 

On a Native Hydroxide of 'Cobalt and Nickel, see Hbubachitb. 

ntaoal Compounds of Cobalt (W. Gibbs, Amer. J. of Sci. [3], viii. 
180 and 296). The ootammonio chloride, nitrate, and sulphate (fiiscocobaltic salts), 
described by FrCmy (i. 1051 ; 1st Buppl. 477) may be represent^ by the following 
formulse : 


NH«-Cl 
NH»— Cl 

jNH»— 
NH*-Cl 
\nh='— C l 


rNH*— NO» 
NH*— NO® 

NH»— NH»X^ 
NH»— NO® 4 
VNH*— NO*t^ h 




and Kiinzors hyposulphite (thiosulphate) may all^ ije viewed as belonging to this 
series, thus : 


By the action of ammonium nitrite on neutral salts of cobalt, Erdmann obtained 
the salt Co®(NO®)«(NH*)* + 2(NH^)NO*. Sadtler, by the action of ammonium nitrite 
on acid solutions of cobaltic chloride, obtained two salts having the formulse 
ao®(NO®)'®(NH^« + 2H®0 and Co®(NO®)|®(NH*)« + 2H®0, respectively, and Gibbs by 
acting on colialtic chloride with ammonia and potassium nitrite, obtained the salt 
Co®(NH®)*(NO*)*, which may be regarded as the nitrite of the hexamine, Co®(NH*)». 
No othff-r members of the same scries have, however, been obtained from it, but the 
dichrocobalt chloride, Co®(NH*)*.Cl* + 2H®0, of Fr. Rose, and Kiinzers sulphite, 
Co®(NH®)*(SO*)* + 2H®0, may be regarded as analogous compounds. 

In the formation of the hexamine nitrite, and also of the two salts described by 
Sadtler, an absorption of atmospheric oxygen occurs. On repeating Erdmann’s ex- 
periment for the production of the hexajnino nitrite, small quantities of that salt were 
formed, but the chief products were salts of xaothocobalt. The solution remaining 
in this reaction was found to contain a salt of xanthocobalt and a corresponding salt 
of the octamine series. These experiments show that the action of ammonium nitrite 
on salts of cobalt in presence of free Heidis very complex, not less than six classes of 
salts being formed, of w’hich two belong to basic series, three may be viewed as 
ammonium salts, and one is probably a term of a hexamine series. 

Erdmann’s ammonia nitrites present the only Imbwn instances in which cobalt, by 
combination with ammonia and nitroxyl, forms an electro-negative radicle. The com- 
pound Co®(NH*)^(NO*)* may be view^ as existing in combination with two atoms of 
a monatomic radicle, exactly as the compound Co®(NH*)®(NO*)^ combines with two 
atoms ctf chlorine. The structural formiilm of these two sidts may be uTitten : 


Oo» 


NU*— NO® 

NH»— NO® 

N<^N— O— OK 

N<^N-^0— OK 

NH*— NO® 

NH»— NO* 


^NH*— NO* 
NH*— NO* 


Co*^ 


NH*— NH*— Cl 
NH*— NH»— Cl 


NH*— NO* 


i,NH*— NO* 
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TkaUimn 9aU* — ^The poUinimi mJt #brd 8 with thalHoiu nitrate a •!ian7<«oloiired 
precipitate, which, on leeKTStallisatlon, flires w)^>4eflned priimatio oiTstala, 
haring apparently the same as the corresponding potaninu and ammonium 
salta • • 

Mercurous saU^ Co*(NH*)*(NO*)*H^. — solution potassic ammonia-cobalt- 
nitrite forms with mercurous nitrate, a crystalline, orange-coloured precipitate, soluj^e 
with t»rtial decomposition in boilidg water, from which it does not cxystallise well. 

With salts of cobalt, nichcl, bamini, and copper, the potassium salt gives no gr^ 
cipitates. With lead acetate, after some time, a crystalline brown-orange precipitate is 
formed, soluble in hot water, with partial decomposition. With silver, the same effbet 
occurs, btit in small quantities the precipitate n^y be dissolved without decomposition. 

Compounds of ammonia-cobalt-nitrate with barium, strontium, Ac., are readily 
formed by digesting the metallic chlorides with a solution of the silver salt. 
They are pale orange-yellow soluble bodies, which have not been fully examined. 

The potassium salt gives crystalline precipitates with various alkaloids, especially 
strychnine, brucine, Ac. They are soluble in hot water, and may be crystallised 
theivfrom without sensible decomposition. The potassium salt gives with salts of 
aniline a br^ht j'ollow precipitate, which is immediately decompose, with liberation 
of phenol ; it also yields crystalline precipitates with salts of croceocobalt, xanlho- 
cobult, and luteocobalt. It cfoes not combine with iodine. 

DkcaumonicCompound s . — Xa nthocohaltio 8a Ifs are formed by the action 
of rod nitrous vapours upon solutions of cobalt salts in presence of an excess of am- 
monia, and are almost the only products of the reaction. When cobalt chloride was 
used, cr^'stals of the chloronitrfl» Co^NH*)'®(NO*)''(NO*)*Cl*, were occasionally do- 
tooted ; and in one instance inH|||^ cobalt sulphate was used, mixed with such an 
excess of ammonium sulphate jJHatnmonia produced no precipitate, a considerable 
proportion of Erdmann's ailt, tJ^NH*)*(NO*)*, was produced. The solutions, after 
the action of tlie red vapours, contain Kiniill quantities of ammonia-cobalt-nitrate of 
ammonium, with ammonium nitrate and nitrite. 

Xanthocobaltic salts are formed in large qiiantitic9» together with a little of 
the octamine nitrate, by the action of a mixtiy^ of potassium nitrite and ammonia 
upon cobalt nitrate in presence of air, whereas when the same mixtni^ acts 
under similar conditionsi upon cobalt sulphate, the xanthocobaltic salt is the 
only product. Xo plau.sible explanation has yet^ bi‘eii found for this differonco of 
action. 

If a mixture of oobaltie nitrate, ammonia, and ammonium nitrite be nlacfd in g 
tightly-corked bottle, no reaction occurs even after some days ; but if a little peroxide 
of dead be added, this oxide is reduced in a few hours, and laxge crystals of xanthooo- 
Vialtic nitrate are formed. It app^^ars probable that, in the action of the nitrous 
vapours upon cobalt salts in presence of ammonia, the xanthocobalt formed docs not 
result from the direct union of the cobalt salt with ammonia and nitroxyl, l^ut that 
ammonium nitrite is at first formed, and that the oxygen necessary for the completion 
of the reaction is derived from the mixture, of hitrit^on oxides which make up the 
red vapours. 

Xanthocobaltic 8all.s are always formed when salts of purpureo- or roseo-cobalt are 
heated, or digested in the cold, with alkaline nitrites. 

On treating a hot solution of pnrpureo-cooaltic chloride acidified vritfa acetic acid 
with hot potassium or sodium nitrite, tsn anhydrous salt having the composition 
Co*(NH*)**(NO*)*(NO*)*Cl* is obtained. It is a nitroso-chloro-nitrnte, and might bo 
supposed to belong to the o-dccamine ([po^nrqp-cobalt) series, but is more probably 
the chloro-nitrate of xanthocobalt^ as it yiej^d^ with various reagents, precipitates of 
xanthocobaltic salts. 

Gold salt. — On adding an exc<!.tfs of sodio-auric chloride to a solution of the chloro- 
nitrate, prismatic wine-yellow crystals are formed, having the composition 
Oo^NH»)*(NO*)*(NO*)*Cl* AuCl«. On boiling, the salt is decomposed, with^oposi- 
tion of metallic g^ld. 

Platmum salt. — Platinic chloride precipitates the chloro-nitrate almost immediately 
in wine-yellow needles which ht ve the composition Co*(NH*)**(NO*)*(NO*)*CT**f 2PtCl*. 
They yielded no water when heated to 140®. • « 

Bromo^itrate.—SoUxtionn of xanthocobalty; bromide and of the nidate of the 
same haae mixed in the proportion of one molecule of each, yielded after some hoars 
a dark crystalline body having, after two crystallisraons, the composition 
Co*(NH*)’*(NO*f(NO*)*Br*. ^e salt is mneh less stable than the chlorD-nitmts, and 
decomposes on Author crystallisation. ^ 

The endeavonr to form a double salt of xanthocobaltic nitrate with purpnreoeobaltie 
chloride, by mixing their solutions in molecular proportions, was only partly sue- 
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ceBflfU ; but it seems established that such a double salt may exist. Experiments, 
with the object of forming several ot]|^ double salts by similar processes, led to no 
definite results. # . ^ 

The above^escribed nitroso>chloro>nitrate appe&s to be the body at one time re- 
garded by Gibbs as the clfioride of a special radicle, the so-called Jlavocobalt, It 

1- _ ] *1.^ —...J —It. Al 1 lA 


Cooke’s' measurem^ts of the crystals of the nitrate and chloride respectively, that the 
former belongs to the dimetric, and the latter to the trimetric system. 

Salts of xanthocobalt are forme<Fby the action of Fischer’s salt, Co®(NO*)'*K*, 
upon salts of roaeo- or purpureo-cobalt. Thus, if Fischer’s salt be added to a boiling 
acidified solution of purpureo-cobaltic chloride, the liquid on cooling deposits crystals 
of xanthocobaltic chloride, t^e complementary products being potiissium chloride, 
cobalt nitrite, and nitrogen tetroxide. 

The chromate, Co*(NH*)*“(NO*)*(NO»)2(CrO<)* 2H*0, is formed by the addition of 
normal potassium chromate to xanthocobaltic nitrate. It is but slightly soluble in hot 
or cold water, and loses only 0*68 per cent, of water at 145®. 

From this salt the chloride and sulphate of xanthocobalt are most easily produced, 
the former by adding barium chloride so long as barium chromate is precipitated, the 
latter from the former by double decomposition with silver sulphate. The dichromaie, 
Co*(NH*)“(NO®)^Cr*0’)®, is produced by the addition of potassium dichromato to 
strong solutions of xanthocobaltic nitrate. It is easily soluble in hot water, from which 
it crystallises on cooling. 

lodosul^Jiates . — In solutions of xanthocobaltic nitrate, potassium iodide yields, after 
some time, pale brown-yellow crystals of the iodide, If iodine 

in solution of potassium iodide be used, no periodide is formed, as is the case with the 
iodide of the hexamino series ; but iodine is precipitated in crystals. 

With xanthocobaltic sulphate, potassium iodide yields a precipitate of yellow- 
brown needles, crystallising, in laiger prisms after re- dissolution. Their formula was 
■ fouu|l to be Co^(NH*)‘®(NO'^)*SO'‘P.2H*0. The xanthocobaltic sulphate yields with 
iodine in solution in potassium iodide, ruby- red crystals, which are decomposed by 
boiling water and cannot be recrystallised. The analytical numbers obtainea, 
though not agreeing very closely with those calculated, showed the formula to bo 
Co*(NH*)^*(NO*)*SO*I^ The structural formulae of tho two salts may be thus 
; written : — 


Co^- 


yNH*— NO* 
NH*— NH>— I 

NH*-NHS.so^ 

^NH»~NO* 


and Co*- 


/NH*-^NO* 

Nn»— NH»— I 
Ng»— NIP— /O— I. 
NH*— NH»— ^ VO— I. 
NH*— NH*— I 
NO* 


An attempt to produce a plati nochloride of chlorosulpho-xanthocobalt by adding 
sodio-platinic chloride to xanthocobalt sulphate was not successful. 

XanthocohUltic Nitrite . — By boiling silver nitrite with purpuroocobaltic chloride, and 
evaporating the filtered solution, two 8«ilt8,«^.oue in scales, and one in octohedral crys- 
tals, wore formed. The former was found to be the ammonia-cobdlUnitrite of eilver, 
Co*(NH*)*®(NO*)*Ag® ; the other (which is better produced by decomposing roseoco- 
baltic sulphate with barium nitrite, and evaporating the filtered liquor), was found to 
be tho xanthocobaltic nitrite, Co*(NH»y*®(NO*)*.4ll*0. From its empirical formula it 
might he regarded as purpureo- or roseocobaltic nitrate, but as it gives all the reactions 
of xanthocobalt, it is more probably the normal nitrite of the xantho-series, 
Co*(NH®)»®(NO*)*(NO*)*.4H*0. 

AmmAmia~cfd)alt-niirite of Xanthocobalt. — By tho addition of a solution of pqtassic 
ammonia-cohalt nitrite to a solution of xanthocobaltic nitrate, a cxystalline precipitate 
is formed, which may be rocrystaUised without decomposition. Its solntions give the 
reactions of xanthocobalt, and its formula is fCo*(NEP)*®(NO*)*} {C(^NH®)®(NO*)^}*. 
It is metiuneric with the corresponding salt of the hexamine aeries, and with 
Erdmann’s Co*(NH*)®(NO*)®, of wlucii it is, numerically, the threefold multiple. On 
standing for some time in solution, it decomposes, yielmng a considerable quantity of 
cobalt nitrate. 

Xanihoeohediio Oxalate . — ^This salt has been erroneously suppo^ to contain 
21 mol. H*0. It is reidly ' anhydrous, the analyses corresponding with the formula 
Co*(NH»)*®(N0*)»(C*0^)* 
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The following is a list of the salts of the xantho-serias at present known : 


Chioritle . 

Bromide , , • 

lotiide 

Nitrate 

Nitrite 

Sulphate . 

lodoBulphato 

Hjperi^osulphati" . 

Aurochloride 

Platintwhlorido , 

Mcrcilfb-chlonde 

Oxulute 

Chroiuato . 

I)iohroniat« 

Aumonio-cobalt-uitruti? 
Ferruc3,iinide . 


0»^NtI»)»*(NO»)*Br* 
Co=(NH*)*WO*)*l* 
Co*(NH-)«(NO*)*(NO»)* 
Cu^NH»)’*(NO»)«(NO»)« + 4H-0 
Co*(NH»)'*(NO'0“(SO«)» 
Co\NH»)'*(N0»)«0»I» 4- 2HH> 

Co’(NIP)'»(NO»)»Cl«.2AuCl* 4- H-O 
CoXNiI*)'®(NO»)H3P.PtOl‘ + H*0 
Co2(NU*)»«(NO»)*CP.4HgCl* + U=»0 
Co*(N II *)••( N0*)’>(C»0«p 
Co*{NH»)'»(NO*)»(CrO«)* + 2H*0 
Co*(NH»)*»(NO’')\Cr»0’)» 

Co»( N H ■) »*( NO*)“ J Co»N U" >•( NO*)* } * 
Ci )\ N IP) »•( NO»)*FoCy • + 6 U*0 


PurpureocobaUio Saltn.— The aurachlorid^ is obUii noil by addition of auro- 
sodic chloride to purpurecKiobaltic chloride containing free hydrochloric acid. A Iter some 
hours, flat, prisiuatic, ruby-red crystals are deposited having a violet lustre, and exhibit- 
ing, after staniHng, a suporticial re<]uctioii of gold. The formula of the salt is : 


Co*(NlP)'*Cl*-2AuCl*, or Co* 


I 


NU»— Cl 

NH*-NH*~OW . ™ 

NH»-.NH*— 
NU*~NH*--CK. 
NH*— NH*— 


NIP— Ct 


from which it appears to be unsaturated, similar salts with 4 and 0 atoms 6f auric 
chloride being possible. 

Afcrcuro-chloride. — On tho addition of an excr^<s of mercuric chloride to a solution 
of purpurcocobaltic t?lUoride, a dull reil salt separates, slightly soluble in cold, molNi 
so in hot water, especially if free hy<trochlc>rtc acid is present. Its formula is 
Co*(NH*)'®(01*).6HgCP. if the purpureocobaltic chloride is in excess, or if the safte 
are mixed in atomic proi>ortionH, a salt separates in violet prismatic crystals, which 
have tho formula Co*(NH*)'*Cl*.'4HgCl*. The salt with 6 atoms of ^mercury may 
perhaps btdoiig to tho roscocubalt scries, since it is formed by the addition of su<lio- 
mercuric chloride to the soluble modification of rosfv(j<Mji'altic sulphaio (see n^tpage). 

Antimonio-chloruU. — Tho mldition of a rsdntion of antimoiiions chloride to one of 
purpmpeocobaltic chloride affords a pre<'fpitJito of violet-reii rryntiils, which are decom- 
posed by water, with soparat;an of WbOCI. Tho salt, after washing with itrong 
hydrochloric acid, srpieessitig in blottiug-pa|>or, and drying at lOO^, has tho cumposi- 
tiou Co'(NH*)«''CP.SbCl*, - , , 

Bismuthoub chloride gives, with solutions of purpureocobaltic chloride, a lilac-red 
precipitate, inMilublo in hydrochloric acRl and deconiposoil by water. 

Neutral Chrwnatc, Co^NH*)**.0,(CrO*)*. — By mixing solutions of purpuroocobaltic 
nitrate und neutral potassic chromate, a red ^rysUtlliiie precipitate is thrown down, 
which is soluble in hot water, soon decowMsing, however, unless some free acid is 
present. Strong sfdutiou.s of tlnj siilt are rod ; dilute solutions, orange-yellow. The 
equation reprosenting its formation is — 

Co*(NH»)’*(NO*)* + 2K*Cr*0* - Co*(NlP)'*.0.Cr*0* 4- 4KNO* + 2HNO. 

The nitrPe acid thus liberated dissolves a portion of tho salt, forming dichromate, 
which remains in solution. 

When neutral potassic tulugstato is digested with neutral purpureooobalt nitrate, a 
pink purpureocoftahic tungstate is formed, and the liquid then gives a strong acid reaction. 

Neutral purpureocoljultic chromate yields^with potassium iodide, a rml crystalline 
precipitate, for which no definite formula has yet been ol^taineil, but it ftppOfftr ^ to be 
a mixture of the neiitml chromate with ioibH'hrunjato. Tho crystalline precipitate, 
formed by admixture of s^ilutions of p^itassic chromate and purpureocolwltic chloride, 
is probably a mixture of the chromate and cblorochron^te. 

Dichromaie, Co*(NJI*)'*(Cr*0’)Ml»0. — A gmunlar red precipitate, which may be 
crystallised from hot water— the ciystals having then a bnck-re^l colour with broDM 
iird i>up, ^ 
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lustre — is obtained by mixing solutions of potassic dicbromate and purpn^. 
cobaltic nitrate. # . ^ \ 

In preparing pnrpureo-cobaltic nitrate by tbe oxidation of ammoniac|d.^balC 
nitrate with pot^ic dichromate (Mills' process), a largo quantity of orange-red try^ 
talline scales, with gold* reflsctions, was obtained, which after recrystallisation, 
exhibited the composition Co®(1^H*)*®(Cp*0’')*..5H*0. 

^ith purpureo-cobal tic chloride, potassium dicbrcimateg^ves a daiSi: red erystalline 
precipitate, consisting of a mixture of chromate and dilorochromatedf p^ipureo-cobalt. 

dfbbs has also tabulated the formulae of the less kndiirn dovnpouB^s of the pur> 
mireo-, roSeo-, and lateo-cobaltic series, as follows (Deui, Chem^ Bet, ix. 187) 

‘>A 4 ^ ^ 

Ihirpureo‘CobaU Series. * ^ 

Co»(NH*)«0.(NO*)^ + eH?^ * 
Co«(NIP)*®Cl*(NO»)*+ CC^NH*)»irNO«)« 
Co*(NH»)''^0(WO<)» >• 

Co?*(NII«)*»CP(C 20«)2 
Co»(NH»)“(SO*)* + H*0 
Oo^NH*)»'‘P^O» + 21 H*0 
[W(NH«)*“][Co*(NH»)‘(502)'*]3 
[0o2(NH»)«(N02y^»[Co*(N0*)»«j“ + 9H‘-0 
Co'^NH»)>“(SiF»)a=* + 3H*0 


Biisic Nitrate 
Chloionitrate 
Basic Tungstate . 
Chloroxalate (Krok) 
Neutralised Sulphate 
Pyrophosphate (Braun) 
Ammonio-cobalt Nitrite 
Cobaltinitrate 
Chlorofluosilicate . 


Roseo-cohaltic Series, 


Sulphates, a, B,y , 

Acid Sulphate 
Basic OxaloHulphate 
Acid Oxalodi sulphate 
Acid Oxalate 
Morcuro-chloride . 
Sulphatoplatino-chloridi^, /3, y 
Sulphatauro-chloride,^, y 
Ox^bplatino-chloride . 


Co*(NH»)*»(SO‘)» 4- 6H»0 
CoHNH»)‘»(SO*)» SO*H« + 4n*0 
Co*(NH*)‘»O.C»O^SO«+ 7H*0 
Co2(NIP)'®.C^O‘.(SO*)» C*H*0« + 211=0 
Co=(NB*)«o(C»0»)»+ 4C«H«0* 
«Co=(NH»)'®Cl® 6HgCP+ 4H=0 
Co=(NH»)*®(SO0"CRPtCl*. 
Co=(NH^)»*(SO«)-’Cl=. And* + 4H=0 
Oo»(NH«)'®(C20*)*CP.PtCl< 


ehediic Series. 

Co^^lVyXCr^O^y 4- 6H*0 ' . 

Co=(NH»)»=P*0«+ 6H=0 
CV(NH»)'=[Co*(NO=)*=] 
Co*(NH»)*»[Co»(NH»)*(NO=)»]* 
Co=(NH’')»(SO«)^l»PtCl* ^ 

All these salts are crystallised. Gibbs has also obtained a new aeries of salts 
isomeric with the roseo'cobiiitic salts, and having the yellow or orange-yellow of the 
luteo>sa1ts. There are now, therefore, three series of roseo-oobaltic salts, represented 
by the ordinary sparingly soluble sulphate a^the soluble sulphate /J, and the yellow 
sulphate y. 

The following ammonio-cobalt.ic compounds, in which the molecular ratio of 
ammonia to cobalt is NH* : Co==a8 : 1, have been obtained by G. Vortmann (Deui. 
'Ckeni, Ges. Ber. x. 164, 1461). They ai^ prepared by the action of various acids on 
a solution of oobnltous carbonate in ammonia and ammonium carbonate oxidised by 
exposure to the air. 

Octamiiie-purpurcochloride, Co*(NH*)^.(H‘*0)-.Cl*, crystallises in small octohedrotis 
of a deep viob't colour, easily soluble in water. It is isomeric with Bosq's praseo* 
chloride, Co=(NH*)*.01*.2lPO. These two salts readily admit of couvenion, lAe olie 
into the other. ^ 

OotamiiM-roscochloridey Co^NH^)*.(H*0)=,Cl*.2HH), is obtained as a bright red 
precipitate. • 

Octamine sulphate^ Co=(NH*)*.(SO‘)*r6H'^0. cr3rsfalli5es in needles having a bright 
red colour. 

By atiding alcohol to the aqueous solution of this adt, a second stUphate, 
0o=(NH*)*.(SO*)*.4H=O, is dep^wited iu small needles of a red>violet colour. 

Acid carbonate, Co*i^NH*)*.0*.(C0*)4.2H^0, crystallises in long carmine>red prisms, 
soluble in water to a cherrv-red solution. 


Bicbronrite . 
Pyrophosphate 
Cobaltoni trite 
Ammonium- cobalto ni trite 
Sulphatoplati no-chloride 
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JUmOral ca^htmaU, Go^^NH*)PXCK>*y.8B*0, oijvtelliMt in aMdl rhombie prisms of 
f paid mist eolottr, and formiig a vkutafc atlation in aralai^ 

A InipkaitMfaritmaU, Co»(NH*V.SO*.(CO^*+3H*0, is obtaioad by precipitating a 
solntioB hi oobaltoos aulphsta wito an alkaline carbofiale. dUsolvi^ the preeipit^. 
which contains a considerable qmintitr ot basic sulphi^ in ammonia and ammonium 
carbonate^ lqavii|k the soUition to ontdtse in the air. and then treating it with algphoh 
Ihe double qplt 1^ separates m imall copper-ccdoured plates. 

See ScLPHiTiiS. ^ 

^ the tk>ison of the Cobra da CapeQ# (Ab;o iripndtaHt) 

- which may be obtain^ by pressi^ the paxhUd glandl^of the pn^e while its fangs ^ 
arc erec^, has been examined by A. PeiUer (/Voc. ifoy. Scte, xxtii. 17) and by A. W, * 
Blytb i. 2Q4)» It is an ambor-oolonrod, syrupy* frothy liquid, of sp. gr. I'CMd t 

(Blyth)^ l'<w5 at (Pedler). When evaporaUMl, eiUier in thu air or in a vacuKni'/^ 
or at 100*’, 'tt h^aves a solid residue amounting on the avemgc io^t8''il2 per C^t. 
r (Pedler) ; about 33 per cent. (Blyth). The fnsh liquid has no action on polarised - 
'light. R may be kept fur two or thrf^ mouths without alteration, but afbsr a year 
or eighlecu months it alters considerably, becoming insoluble, and leasing to a grent- , 
extent its poisonous action (PtHller). 

Dried in a mctut|p over sulphuric acid, it guvo by analysis: 

O with 

CUN Aib trihce of S 

49*32 7 01 17-39 6'58 I960 * 100. 

or deducting the alh : 

C B K O and 8 

62*87 7 81 18*29 21*38 - 100. 

Tlds composition does not differ groa«dy from that of rarious kinds of albumin ; the 
proportion of niti^eu. however, is rather greater than in egg-albumin. 

The liquid i^isoii. troat^^d with strong al<x>hoI. yielded a precipitate of albuminous 
matter, amounting to alxjut 17*3 per cent, of the whole, whicn was only slightly 
poisonous, whereas the jiortion soluble in alcohol (10*9 per oeht, of the w’frole) was. 
excessively poisonous : hence, ns the total quantity of solid matter in Uie poison ia 
about 28 per cent., it follows that about 60 per cent, of the poisonous liijuid is of ap 
albuminona nature, and only about 40 per cent, consists of pttlu poison. Bo crystdl^, 
lisable sabetance could be obtained from the poison, either ^*the use of hblvenf s. ot^ t 
by dialyiia through parchment piper, althongh slight indications of CjgjiiutHllisfitioii 
were oolill8lA fay botri methods. The liquid remaining in the dialysef Aft on evap- 
oration h l^intoy mass, having nXl the physiological characters of tbe^pdlson ; umi 
the liqtiid outside the dialyser appeared to be rather more poisonous thaii9W original 
▼Irus (Pedler). - * 

A^rcliug to Blyth, ocAnA^ison contains albumin, a minute quiintity oi fat, and 
yields about 1 *4-^1 *5 per cent; ^ ash mainly cor^dsiing of sodium chloride. It dries 
up qulbkly on exposure toChftlur, leaving a yellow acrid pungent powder, aroounling 
to about 38 per coot, of thplHiole. This substance is not decom|KMed at 100**, but 
blackens at 270**. and yieldii a sublimate at higher temperatures. A simitar substaiire 
ciystallising in needles be obtained by dialysing the piisoii. It^ exists therein to 
the amount of 10 per cent., and is highly poi.soDouH, appearing to be the only active 
principle. It is obtaimxl pur© by conversion into a leu^l-sult, separation therefrom, 
and evaporation in a vacuum. Blyth designates this substance as cabric acid. Uo 
finds that a weak solution of potash, ora weak alkaline solution of potassium per- 
manganate, destroys the physiologi<^Al actftity of cobra prison. 

Pedler describe a long s^ies of experiments on the modification of the active 
properties of the poison by various substances, undertaken with the view of discovering 
an antidote to its action. When the pnsoii was digested with ttkyl iocUde^ a residue 
waa obtained which exhibited an increase of weight, indicating combination, and was 
iiMicll leai active than the original poison. The residue obtained by mixing the 
l^aoti irith hydrochloric acid and leaving the liquid to evaporate, was also much less 
active than the original poisbn. By slow evaporation in a vacuum, distinct traces of 
centals were obtained, but they were mixed ^itb fi large quantity of amorphous 
S'jlulde matter, fri>m which they could not b«%separated. 

A much greater diminution of the activity of the poison is produced by the addition 
of ptaiinic ckfvride. When a quantity of fresh cobra poison was treatisi with alcohol 
to precipitate the alluimin, the alcoholic flltmie addified with hydrochloric acid, and 
a solution of platinic chloride added, a small quantity of a yellow amorphous pre- 
cipitate was formed, and the solution evaporated in a vacuum yielde<l a scmicrystalline 
residue, which was freed from excess of pbiUnic chloride by washing with weak spirit. 

X a* 2 
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0‘1 grm. of the solid platinum compound administered internally to a chicken exerted 
no poisonous action, and the solutioD containing the excess of platinic chloride was 
likewise without action when iDje<jted hypodermicall}^ A considerable number of 
experiments upofi chickens and dogs showed that evbn considerable quantities of 
cobra poison mixed with plat^ic chloride might be injected hypodermically without 
prr>d] 2 cing a fatal result, provided a short time was allowed to elapse before the 
mixture was injected. In one experiment, the quantity of poison thus injected was 
sufficient, if administered alone, to kill 120 chickens. When, on the other hand, the 
ixyeetaon wae performed immediately after mixing, the results w'ere less favourable, 
the fh^al eifect being not prevented, but merely retarded. The name effect of retarda- 
tion, but not prevention, of the fatal resaflt, was obtained wheit.the cobra poison was 
lirst injected alone, and the platinum solution a few minutes (1 to 5) afterwards. 
Thn~ poison appears indeed to diffuse itself through the mrgani^m so rapidly that no 
antidote can be afterwai^s injected quickly enough to countpract its effects. 

The platinum salt of the cobra poison gave by analysis numbers agreeing nearly 
with the formula (C*^H®»N"0’.HCl)2.PtCl^ (Pedler). 

COCSXaSikRZiL OXXi« The essential oil of common scurvy-grass {Coeklcaria 
officinalis) has the composition of a butylic thiocyanate {1st SuppL 1056); and a 
comparison of its properties with those of the several isomeric compounds of this 
group, has shown tliat it is identical with the isothiocyanate or thiocarbiniide obtained 
from secondary butyl alcohol — that is to say, with methyl-ethyl-thiocarbimide, 

Chcm. Ges. Ber, vii. 508). 

COCOJ^-FA.T, or CA.CAO-FA.X. See Theouroma. 

COCOik-SniX. The milk and fatty kernel of this seed (from Cocos nucifcra) 
have been examined by P. Hammerbacher {Landm. Versucksstationen, xviii. 472) 
with the following results : 

The colourless, slightly opalescent fluid of the cocoa-nut, termed the milk, has a 
sp. gr. of 1 0442 at 20°. The total weight of liquid from two nuts amounted to 
303*95 ^azns. It showed on analysis : ^ 


Water 

91*50 per 

cent. 

Protein ..... 

046 


Fat . . , . \ 

007 


Non -nitrogenous extractive mutter 

678 


Ash 

1*19 

ff 

The following are the results of the analysis of the ash of the milk and kernel: 


Abh of the milk 

Ash of the keruul 

Potash . 

55 200 

43-882 

Sodait 

0 728 

8 392 

Lime 

3 679 

4*628 

Magnesia 

6*606 

9*438 

Chlorine 

10*373 

18-419 

Phosphoric acid 

20 510 

16-992 

Sulphuric at\id 

5’235 

5*091 

Silicic acid . 

— 

0*500 


102*331 

102*342 

De<lucting oxygen replaceable by ckloriuc 

2 338 

3 024 


09*903 

90*318 

Hammerbacher also finds, in accordance 

with Lehmann, that 

the fat of the 


cocoa-nut consists in great part of free fatty acid. 

COSaxira. See Opiuu-basus. 

OOaaaSTZa'. This mineral is found in the Keuper of Bristol. The ash of 
plants growing in the marl in which it occurs, contains strontium, whereas in plants 
growing on the neighbouring lias this element is absent (W. Stoddart, Jahrb,f, A/i'w. 
1876, 867). , * 

oaftmucnroaoi, C'*H'*0* = C"H* | Supp^. 376). The last pro- 

ducts of the distillation of beech-tar oil yidd, on further fractionation, a colourless 
liquid, which smells like creosote, boils at 270°, forms crystalline salts with ammonia 
and the flxed alkalis, and is coil verted by oxidising agents (potiissinm clnxmiate, nitric 
acid, &c.) into coerulignone, At the same time there \h formed another pro- 

duct of oxidation, which crj^tullises in large yellow needles, and dissoh'cs in strong 
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sulphuric acid with a crimmii colour, whereas ocendigtione &nus a bright blaeaolution 
(A. W. Hofmann^ ZVftf/. Chrm. Gr^. Ber. f874. 78) 

Crude coerulignona ma^^be couvenictitly pigidcd bj* suspending it in water and 
treating it with iron filings until its blue colour has completely dimppeared, and only 
the brown tint of ferric hydrate is visible: the residife is then exhausted with alcohol, 
and the hydroccerulignono ciyi^tallised after evaporation ; finally, the iilcnhnlic uolutiou 
of hydroccerulignone is trettfed w-ith ferric chloride, wliereby cterul igiione is throwu 
down in pure violet-r^ crystals, which are rendered blue by crystal Usui ion from 
phenol (E, Fischer, 1875, 16fi). 

Eeepectiog the product formed by ilie |ction of sulphurie add on ccBru]igiiODe« tlie 
observations of Fimer differ in some respects fVom those of Liobermann (2ttd 
377). According to Fischer, this reaction j’ields a brown product sparingly soluble 
in cold water, more rradily in hot water, ether, benzene, ligroin, &e. ; reaiiily anlubJe 
in alcohol, however, even w hen cold and somewhat dilute. It contains no sulphury and 
is not. converted into ccerulignoue by oxidising agents such as ferric chloride or 
potassium dichromati*. Reducing agents als*^ (ziue and hvdwKdiloric acid, or iron 
filings and ucetic acid) have no action on if. Its solutiuiis have a fitx'uliar bitter 
taste; with alkalis it yields <lark -green solutions, np^mreiitly forming saline combina- 
tions ; the tinctorial power of these is great, and hence a very minute quantity *vf tho 
compound can be roadily deteetevi by the adtlitiun of ammonia ; acids reprecipitate 
the brow'n substance from solution. The Isnly thus purified giVeM numbers agrt'oing 
with tho formula C**H'*C>*' (Licbcriiiaim obtained two com|K)unds, viz. 0**11**0* 
yellow', and C**11'*0* or.'\nge-cidonred\ lht» potuKsiiim salt being or 

C**lI'*K‘'t)*.21l*0. Tho water of crystallisation is jsirtly ksii at 65®, wholly at 100®. 
This salt is precipitated by lubling alcoholic ix)t4ish to an alcoholic solution -of tho 
body, as it is less soluble in alcohol t litiii in water. The barium salt, can 

be obtainwi fn>m this by double deconijKjsitioii, or by adding tin alcoholic soliitiou of 
the substance very slowly to baryta-water ; it is almost insoluble in wrater, (|uite 
insoluble in absolute alcohol and ether. 

Unf of CoTuii^uoMc iti Colitur^prhifintf.^Ti) print silk or wool with cmruligiioiio 
hydroca*riiIigiioiu* is dissolvcil in hot alcolv'l and proidpitated by wator, at^ the pasty 
precipitate is ihickcnccl with gum-w’ater, printed on silk or wfs>|, then driod and steamed. 
After steaming, the printed parts appear colourless, whilst Isjfore tho stoaming tli«y 
appeared faintly colourcnt liy tho action ofthp'nir (cterulignonc* being formed )wv Wi|^lk' 
the thickening material is washed awjiy. n liright orange tint i« quickly develops Dn 
tho printixl piirt-s hy treatment in a bath of jMitassium dichromnte or ferric chloride. 
Tho piece is then washed and finished. f>ri cotton ctrruligitonc docs not fix itBolf 
directly (B. Marx, iHutji. jmI. J. eexii. 35.‘>). 

SnbstltatioB • prodaoto of Xydrocoornllgnono (M. Hayduck. DnU, 

Chrvi, Gfs. Her. ix. 928 9 . 30 ). 1) i c h I o r a c r t p I h y d r o c a r % li g n o n e, 

C‘*U®Cl'(0CU*)*(0C^U*0)*, is obiainM by triturating diacetylhydrocGcmlignone with 
an f>qual weight of phosphorus |»eritaciiloriili% and warming the mixture fur a few 
minutes. It crystallises in small colourless prisma which melt at 172®. 

DiehlorhydrocctTulignone, C'^IPCr*t0CII*)*(01I)^ DiHcetylhydroccBrulig- 
tine dissolve* in alcoholic jwjtasri when bfiiled with it, but on continuing the boiling, 
the solution dcpo.sits an abundant ^precipitate, from tho aqueouH solution of which 
acids throw down a white gelatinous prwipitnto of dichlorhydrocoerulignono. This 
substance crystallises from hot alcohol in small, colourless, shining, rhombic tables, 
which melt at 220®. Its poias^iinn-compottyid, C’*JI*Cl*(OCll*)^OK)*, is nearly in- 
soluble in alcohol, and is therefore precip^ted in tho foregoing reaction ; ildisaulves 
easily in water, and crystallis<i;H from strong solutions in needles. The barlum^compound, 
C*‘-‘H®Cl‘(OCH*)*0*2Ia, is tJfrown down ns a while amorphous precipitate on adding* 
barium chloride to a solution of the potassium -compfmnd. It acquires a yellow colour 
when heated. 

Dihromaceiylhydrocmrulignone, C**H*Br®(OCH*)*(OC*H*0)*, is formed by 
adding to a solution of acetylhydroccerulignone in glacial acetic acid the nsceasoiy 
quantity of brr>mine. predpitating with water, and crystallising the product from 
alcohol. It forms colourless needles melting it 1 78®. 

Dibromhydrocarulignone^ is obufinsd Vy boiling 

the preceding compound with alcoholic potash, decompMing with hydrochloric acid 
the sparingly soluble potassium'Coinpound thereby precipitated, and crystallising 
product from boiling alcohol or benzene. It forms distinct prisms melting at 262®. 

Teirabrornhydroccrrulignonet C'®Br*(OCX*)XOH)^f is fonoed in the same 
manner as the foregoing compound, an excess of bromine being employed. It crys- 
tallises in silky ne^les melting at 217®-218®. 
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COn*aah« The comp 0 Biti 02 i;c|>f various lands of coffee'lias been'-detrilteinsd hj 
O. Levesie (Arc^, Pkarm, [a], riii. 294) with the following Tesnlts: oj^ 


t 

i . « 

i ■* 

Gummj 

matter 

r“ 

Caffeln 

Fat 

Tannio 

and 

esffe- 

tannic 

acid 


4 

■ 

Ash 

Potash 

Phos- 

phoric 

acid 

1 , 

Finest Jamaica plan- 
tation . 

Finest green Mocha . 

1 Ceylon plantation 

1 Washed Rio 

1 Costa Rica 
i Malabar . 

Ea.st Indian 

253 
22 6 
23*8 
27*4 
20*6 
25*8 
24*4 

1*43 

0*64 

1*53 

114 

1*18 

0*88 

1 01 

14*76 

21*79 

14*87 

15*95 

21*12 

18*80 

17*00 

22*7 

23*1 

20*9 

20*9 

21*1 

20*7 

19*5 

r 33*8 
29*9 
36*0 
32*5 
33*0 
31*9 
36*4 

3*8 

4*1 

4*0 

4*6 

4*9 

4 3 

1-87 

213 

0*31 
0*42 
0*27 
0*61 
0*46 
0*60 1 


'J'lio quantitir^R of glucose and caffeine in several kinds of 
determined by C. H. Eddy (American Chemisf, vii. 45) : 

Slightly roasted Maracaibo ...... 

Well-roasted Mocha ....... 

Well-roasted Java ........ 


coffee have also been 

Qlacone and Caffeine 
3*805 per cent. 
2118 
1*991 


Commaillo (Monifeur scient. [3], vi. 779) has also investigated the composition of 
coffee. The following table exhibits his results, in comparison with the older deter- 
minations by Payen and by von Bibra (i. 1070): 


Hygroscopic Water 
Patty matters 
Glucose .... 

Dextrin .... 

Legumin. Casein . 

Albumen 

Potassium-caffeine Chloride 
Pree Caffeine . 

Total quantity of% Caffeine f 
Ash ' . . . 

Coffee extract with cold water 
„ warm water 

„ alcohol of 60 p.c. 


Commaille. 

Payen 

Undressed Mysore 


coffee 


from 6*3 to 15*7* 

10 

* 12*68 

10-13 

2*60 



15*5 

• 1*52 

10 

1*04 


— 

3 5-5 

— 

0-8 

from 0*42 1*31 

1*815-2*50 

3*882 

6*607 

24*97 


37*20 


' 23*15 



t 


p.e. 

tP 

l» 

l» 


On the Estimation of Caflfoino in Coffee, see Caffkink (p. 370). 

Uefn'/ion and Estimation of Chicory, 4’C-^To detect chicory in coffee, Wittstein 
(/)/«<//. «/. ccxv.'’ 84) dilutes the decoction with eight times its bulk of water, 

hlters, and increases the dilution to 12 part.s. If the decoction contains pure coffee, 
on adding to 30 drops of it 2 drops of concentrated hydrochloric acid, boiling for a 
few seconds, then^ adding 15 drops of a sol^^tion of 1 part of putaasium ferrocyanide in 
eight parts of water, and boiling ns before, the solution becomes first green, then 
dark green. Six drops of potash are next*added, and the wliolo is boiled for two 
minutes, the solution becoming first bi*own and finally ct^ar pal© yellow, with a slight 
dirty yellow precipitate. With chicory alone, the solution finally remains brown and 
turbid, and aher long standing a precipitate falls, the supernatant liquid retaining its 
brown colour. With a mixture of 24 drops of coffee and 6 of the chicory decoction, a 
brown turbid solution is finally obtained. A decoction of coffee of average stren^h 
contains 1 per cent., and of great strength barely 2 per-cent, of the dry soluble 
matter. The evaporation-residue consists of a deep brown, shining, ramish-like 
mass, feeling quite dry to the tout-h after two days. If the ordinary substitutes for 
coffee are present, jUiis residue becomes stiuky after standing for an hour or two, and 
quite damp iuJtwenty-four hours. 


« Those two munbsrt give the highest and lowest resolts of 94 determinations, 
t la the proportion of 99 caffeine UclUO salt (according to Pa^'en). 

X These numbers give proportion 0*8 free caffeine to 1*015 — 1*450 combined caffeine. The 
last miinber, 9*50, for the tMSl amount isprobablj too high, as It has not jet been found possible to 
extract fnun coffee more than 9 i»er cent, of caffeine. 
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boLCHIOINB^COIiSlV. 

A* fi. ^len' NetM, zxiz, 12d» 1510) MCHBm«ndi Ui|5t a j^reliminiuy 

exammatioa ba nif^a by itrewin^ the orer tbe of oold water ; <!ofRM 

then floats, wheiM chicory, osramel, quit^V sink. On sdi^OST, ^flec ct^ours 
the liquid but Tery vlight^, wlereas chicory, flee, (olour it dark bro^. 

The amount of #Rh id genuine coflee docs not exceed 4*5 per cent. ; clueory yields 
5 per cent. The silica in cofiecHaeh nerer exceeds 1 per cent., while in chicory it 
varies from 10-36 per cent. Th4 average soluble ash in coffee is 3*24, while in clRcory 
it is only 1*74 per cent. By determining the soluble ash, 8. the percentage of jpure 

coffee. C, may bo calculated by the formula; C 

The density of coffee>inffisian is determined by heating tho powder with 10 tinioa 
its weight of cold water, raising the liquid to the Ixiiling point, filtering, ami tnkiiiff 
tho density at 15“6®. Taking the density of pure coffee-infusion at 1008*6, ana 
that of chicory at 1020*6, the percentage of pure coffee, C, in a sample may bo calcu- 
lated from the equation C* where J> represt^nts the density of the 

infused sample. 

The relative tinctorial power of an infusion of a sampla of coffee is determined by 
I Mailing a given weight with 20 c.c. of water for a few minutes, flltenng,and again Ixiiling 
the residue until thoroughly exhausted. An equal weight of a standanl mixture of 
equal parts of pure coffee and chicory is t rested in a precisely similar manner. Tho 
Ktandanl solution is made up to *200 c.c., that of Uie sample to 100 c.c. ; 10 c.c. of the 
latter are put into a narrow burette, and some of the siandanl into a test-tube of 
• 'xactly equal bore. If the tints are exactly the same, the sample conNists of pure 
coffee; if chicory is present, w'ater must be added to the sample until the lints are 
tlie siune. Each c.c. of water corresponds with 6 per cent, of chicory. 

The presence of leguminous seeds or cereals may l>c detected by boiling the sample 
with animal charcoal and water, flltoring, and testing fur starch in the cold liquid 
with iodine. Neither coffee nor chicory contains starch. 

According to E. Diinnenl>e^ (drc^. PAnt^n. [.1]. x. P7) it is 
best, in applying the 8ias-Otto process fur the detection of alkiibmis, to use chbiroform 
or amyl alcohol, iiistcad of ether, for sepnniling colchicine, as tlu*He rcagi^nts are more 
energetic in their uctiuii, iiml capable of dcaPng with smaller quantities of the alkaloVd. 
Tho isist tost for colohiriue is ftifric flea/, whrch gives a cleur rose colour when all 
other tests fail. 

Fliickiger {^PAarm, ,/. Iranf. [3), vii. 372) recommends a solution of colohicino 
diluted till it becomes colourless, as a test for minfrid acida. Strong sulpliuric or 
nitric acid colours this solution yellow; and a dmp of hydrochloric acid colours it 
bluish-violet. If a solution of colchicine to which a drop of nitric acid lias been 
added be strongly concentrated, and a trace of sodium ucetat<* then ailds<l, the liquid 
will asBumo an orange colour. On mixing a solution of colchicine with sulj^urio aokl^ 
aisl adding a small qujiutity of a mixture of 5U pts. ptjtassium iodide and 13*6 niorcttfio 
ifslidc, a precipitalo is formed. This method will detect ^ per cent, sulphuric aeid in ' 
vinegar. 

Alkaloid ISeer rfirmbling (Jol^hicine , — This alkaluVd, foiinil b)' Daiinenberg (ArcA. 
Pharm. |3], viii- 411) in a sample of l«>er of unknowm origin, is aniorphouH, bitter, 
soluble in water ami in alcohol, and in sepamted fnjm its acrid aqueous sedution by 
chloroform and by ether, Ifss easily, however, by the latter. Its reactions with tho 
ordinary tests for alkaloids exactly resemb^ rhoso of colchicine (i. 1081), excepting 
that nitric acid of sp. gr. 1*48 dismdvtei it with a fine reddish-violet colour, and tnat a 
mixture of nitric and sulphuric acids Cblflurs it rose-re<l. The red -violet coloration 
with nitric acid has, howevan been also oljserved by llannenlierg in cases when 
colchicine was known to be present, whence he is inclined to believe that the beer 
alkaloid is identical with colchicine. 

According to H. var. Oeldeni, on the other band {^Arch, PAarm. fS], ix. 32), the 
body resembling colchicine is neither identical with the latter, nor indeed an alkaloid 
at all; it originates fiv^^m hoi»«, and gives the reactions of an alkaloid with 
p«>tassium iodide and tauniu <mly when gelatin U present. Its reaction with nitric 
acid varies, sometimes giving a splendid reddish-viotet colour, sometimes a dingy red, 

A mixture of unadulterated hops and geUtifi was found to exhibit all ibe rv^'-tions of 
c'dcbicine, that of nitric acid, however, being indistinct. 

C**H'*0‘ (Cliurcli, Chem. Stm:, Jour, 1877. b 253), A red colouring 
matter contained in tho stems and leaves of Gdnut from which it MUijr 

bo obtninwl by extraction with alcohol slightly acidalat4^ 4|ith sul|rfiuric arid, foci' 
acid being then rcmoTe<l by barium carlKinote, and tho alcohol by disttllatiom Yd0- 
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purification, the residue is dissQlTed in aloohol ; the colouring matter is precipitated 
from the solution by ether; the precipitufie redissolved in alcohol; the solution poured 
into water ; and the resulting precipitate repeatedly washed with water at 50®~60°. 
Colei n thus purified gives by anklysis numbers agrtiX^ing Dfith the formula 
Its alcoholic solution, treat^ with excess of lead-aced^ate, yields a precipitate of a 
dark indigo-coloured lead salt having the composition C*®H**PbO'®. 

*Colein when pure is a brittle solid, having a resinous aspect and conchoidal fracture, 
and yielding a reddish-purple powder. It is insoluble in ether, and only slightly 
soluble in ^ater, but dissolves easily in alcohol, foVming a crimson solution, which 
gradually becomes colourless, in consequence of the formation of a compound of the 
colouring matter with the alcohol. On*evaporating the solution, or adding an acid, 
the crimson colour reappears. On gradually adding ammonia to a solution of colein, 
the colour changes successively to purple-red, violet, indigo, chrome-green, and finally 
to yellow-groen. Stannic chloride^ added to the concentrated alcoholic solution, forms 
a precipitate of a fine violet colour. With strong sulphuric acid colein forms an 
orange-coloured solution, which, on dilution with water, exhibits the rod colour and 
other characters of an acid solution of unaltered coleim Sulphuric acid of sp. gr. 
1*63 dissolves colein with crimson colour. Nitric acid converts colein into a brown 
resinous mass. 

COXi&ZAZm* Kramer obtained this base by the action of ammonia on 

othylidene chloride, CH*.CHCl“ (2nd Suppl. 378); and Tawildarow has shown that it 
is formed in like manner from ethylidene bromide, most readily at 126°-140® 

Annalen, clxxvi. 12). 

COXiOPBBK'llf DIterobene. See Tkhkbenb. 

OO&OPBOBY. This resin distilled with Ibne in an iron retort, gives off gases 
of the scries also propylene, amylcne, acetone, and a body having the coin|)a- 

sitiun (Bruylants, heut, Chem, Oes. Ber. viii. 14(53). 

When colophony is distilled w'ith overheated steam at a comparatively low tompor- 
aturo, benzene is produced in somewhat considerable quantity, and at a higher tem- 
perature, toluene (Watson Smith, Chepi, Soc. J. 1878, ii. 29). 

Coldphony is readily oxidised by boiling it in a retort with a mixture of 1 pt. 
strong commercial nitric acid and 2 pts. w'ater, the products consisting chiefly of 
isophthalic and trimellitic acids. »Vhe syrupy mother-liquor, further treated with 
fuming nitric acid, yielded an indistinctly crystalline mass consisting chiefly of t erob i c 
acid (Schreder, Liebig's Anruilcnj clxxii. 93). 

CO&OMBXTS. See NiorfATKS. 

COBVTBA. The gas enclosed in the fruit "of the Bladder Svnufi (Cohdea 
arboresccfts) is not common air, but a mixture containing a smaller proportion of 
oxygen, ^nd 0*30 to 2*32 per cent, of carbon dioxide. These fruits, though greexi 
absorb oxygen, and give out carbon dioxide by night as well as by day ; and the 
amount pf carbon dioxide produced is greater than that which the oxygen absorbed 
wotdd furnish. In this plant there are, therefore, green orgxins which act like t)»e 
unitnal tis.sues and the coloured parts of other vegetables (^aint Pierre a, Mxignien, 
Compt. rend. Ixxxiii. 490). 

COMCBVSYZOir. Influence of Pressure — Candles, sulphur, potassium, and 
carbon disulphide, burning under pressures of 30 and 36 atmospheres, give out a 
brighter light than when they burn in the open air. The flame of phosphorus exhibits 
no such increase of luminosity under increased pressure. With the first mentioned 
substances, the chemical activity of the as showm by their action on phosphor- 
escent bodies, likewise becomes greater under increu.sed pfessure(Cailloret, Compt. rend. 
Ixxx. 487 ; Ann. Chim, Phys. [6], vi. 429). 

Wartha (J. pr. Chcfn. [2], xiv. 84) finds that stearin caudles, which in the open air 
bum with a fiame 4*6 to 6 o.m. long, produce, under a pressure of 1*96 atmospheres, a 
very smoky fiame from 9 to 10 or even I2c.m. long. Under the increased pressure, the 
fiame also becomes yellowish-red and less luminous. A candle, which when burning 
ill the open xiir, lost 9*34-10*7 grams per hour, lost under 1*95 atmospheres from 
7*86 to 0*22 grams per hour. The rnVer, therefore, the medium in which the candle 
burns, the gredtelr is the hourly loss of cotpbustible matter. Under the receiver of an 
air-pump, the brightness of the flame l^gao to diminish with the exhaustion, the 
flame at the same time swelling out, and the inner blue cone separating itself com- 
pletely from the wick. Prom time to time a shower of fine sparks was thrown out 
the interior of the flame, ^uost abundantly at the stage of greatest rarefaction 
Within certain limits, therefore, the combustion is more complete as the 
IS more rarefied (comp. Frankland, i. 1100 ; ii. 654). 
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Comitistum 0 / De^natinff QasA>tt4 Muiiuf€S.---Xia6oTA\ti^ to Neyreneuf {Compi, 
rend, ixxx. 118» 335» 685), when detoimtii^ Jhseous mixturee lire burnt in cjltndriniil 
Mibes, in such a manner tluit th« combustion of thosArst portions cfin communicate to 
the successive iaveri a re^iar m^afory tMofum, tho Hiinm will warm (Certain parts of 
the tube for a longer time than the iosh When the (mtonatiug mixture ennsists of 
hydrogen and oxygen, the water-xjipour formed eoiui«*nBes cliieAy on the parts of the 
tube which are le^ cool, and in such a manner as to show that, in spite of the violent 
shock produced by tho detonation, the flame travels along the !ut>e in waves. 

On the Temperature at which ^mbustion begins, see A. Mitscherlich (Dew/. OAew* 
Ges, Ber. ix. 1171); Berthelot. {Compt. rrtid, ^xxtv. -407) ; also C5c;a. Soc. tA 1877, 
i. 42. 680). 

On the Imperfect Combustion of Gases and Gaseous Mixtures, see tho articl# 
CuRMicAL Action in this volume, pp. 4.30..436; also Flamk. 

F8. This variety of thomsouite (v. 785) is found, tt^eiher with 
phillipsite and chaleisite, in drusy cavities of the leucite-nepheliii buftalt t4» the south- 
west of Waltzsch in Bohemia. The compionitc occurs in small, nearly colourless 
crystals, exhibiting the usual comliinatirai oepoo . orpeo . ocJ*. with a very obtuse 
macrodomo of 177^ 8.V. It forms thin yellowish- and greyish-whito tlrusos, rovor<vl 
hero and there with a very sotl, thin. Ixitryoidal crust of stilpiiositleritr, inastlv con- 
verted into limonite, on which arc inipl;itited small isfklatcd crystals of phillipsite. 
These latter form ini orsectiiig twins, with coincident principal axes, of tho combina- 
tion (xfjo . aepoo , F. Some of the drnsy cavities of tho basalt, are liiio<l with very 
small crystals of chubasite, mostly intersiH'ling twins of R. In the midst of them was 
found a single crystal of phillipstto covonnl with very small crystala of chabasito. 
The order of succession is tlieruforo: coniptonitc, phillipsite. clinbasite (Horicky, 
Jiir yfinrrafoffie, 1873, p. 162). 

COirCHnrnra. See Cinchona hasps (p. 4112). 

OOWZPB&XW. The alcoholic Holntion of this glm^Mide (obtained fr4>m the 
cambium of coniferous wockIs ; Suppl, 489) nmy be fidvantagcoiisly dncolori«ed 
cither by the addition of leinl acetate and amm.iuiM, or by hotting with nnimoli char- 
coal. The crystals of coniferin contain C"*H“’*'0’'-t 211*0, Iokc part of their water on 
exposure to the air. and (he whole at 100^. With concentrated sulphuric acid coiii- 
feriu strikes a viob t colour which soon hccomcs r»d, sitnilar tints heing pnxluccd by 
the addition of a large prop<irtion of sulphuric itciil t*» its aquiMuiH solution. On 
diluting the siil|>hiiric acid siilntion, a blue resin is de}Misit(Kl, and coniferin, wlieii 
inoisteDisl with phenol and sulphuric acid, acquires a <Icep blue colour, this reaction 
being facilitated by ©xjxksuro to suqlight ; the w*«*U-dcllne<l reaction of plj^e-w^cKwi wit h 
plu'nol and siilphurit? aci<l is no doubt due to the prt'sein'e of conirerin. (Jontforin 
does not redinv Fehling's solution even at the Ixhling licnt ; but slKOUg acids Or hot 
dilute acids convert it into glucose and a rosinous pnxluct (Tinmann Haamfltnii). ’ 

, OCJI» 

COWXmTXi A&COBOZi or COSTZmoli, c«ijOoh 

icni-oH 

(Tiemanii a. Uaarnmnn, Bruf. Chem. Get, Brr. vii. 608). This comp4>und, isomeric 
with ethyl-vanillin (from potassiuin-Vanillin and ethyl-iodide, p. 305), is produced, 
together with glucose, by digijsting cor^ferin with water and a small quantity of 
cmulsiii : 

+ U*0 - 

• 

The bef?t way of preparing it is to drench 60 grams of pure cf>nifcrin with 500 grams 
of water, add 0*2 0'3 gram of dry emulsiii.'and leave tho whole to itself at a tempe- 
rature af 25'’-36‘’ for six or eight days, by which time the fomicritatinn will be ccan- 
pleietl, the coniferin will have disap|>oHred, and in its jdace will be found a floccuJent 
crystalline l>ody, while glucose remains in solution. By repoatiHlly agitating tho 
whole with ether, nml distilling off the latter, tho conifeml will bo obtained in tho 
form of a quickly solidifying oil ; or by not pushing the e^*a|)oration of the ether quite 
so far, it may be obtained dire-'tly in the form of white prismatic crystals. 

Coniferol melts nt 7^*^- 74^ (ethyl-vanillin at dissolves e-'^sily in ether, 

less easily in alcohol, sparingly in hut water, and is almost insfduble imcold water. 

It dissolves in alkalis, but is precipitated thei%from by acida, not in the 4?iy«1a'lrtie, 
hut in the amorphous stfite, in which it is less soluble in alcohol and ether, an4 forms, 
when dried at 100®, a white powder easily turning yellow or yellowdsb-red, and> 
MiRening at 160^-160=' afler the manner of resins. A substance of similar propertie* ;:;. 
in precipitated on adding a few drops of sulphuric or h^rochloric acid to a soluUoflr ^ 
of crystallised coniferol in water nr dilute alcohol; and identical with it ie also the 
resin produced by the action of acids on coniferin. The amrirphons subetance has the 
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same composition as crystallised coniferol^and is probably a polymeric modification 
thereof. Both are coloured red by stdf^ sulphuric acid, and afterwards dissolved 
with red colour. r ^ 

CJrystallin^ coniferol when exposed to the air acquires the odour of vanilla, and 
the same odour is produced When either coniferol or coniferin is oxidised by chromic 
aeid mixture. On distilling the product, aldehydq first passes over, then a distillate 
which smells like vanilla ; and from this distillate ether extracLs the odorous prin- 
ciple. The latter is, however, best obtained by oxidising coniferol, and agitating the 
product directly with ether, which, when evaporated, leaves the odorous principle as an 
oil which solidifies on cooling. The iqibstance thus obtained is identical in every re- 
spect with vanillin from vanilla. 

vConiferol was at first regarded by Ticmann a. Haarmann as identical with ethyl- 
vanillin ; but the two bodies differ in melting point by nine degrees, and likewise in 
their behaviour with bases. Coniferol, indeed, forms salts like a phenol, and must 
therefore be supposed to contain phenolic hydroxyl, as represented by the formula 
C**H*(OCII*XOH)(C*H^OH). The potasaiuni and sodium salts may be obtained in 
crystalline forms by leaving solutions of the alcohol in dilute potash or soda to 
evaporate slowly at ordinary temperatures and under reduced pressure. On treating 
the alcohol, while still in the oily state, with strong ammonia, the ammonium salt is 
formed, and immediately solidifies to a radio-crystalline mass ; the aqueous solution 
of this salt when left in an open vessel, gives off ammonia, and yields coniferol in 
fine crystals. From a solution of coniferol in dilute alcohol, a lead salt is precipitated 
by lead acetate and ammonia, in white amorphous flocks. 

The phenolic nature of coniferol is further shown by its reaction with nitric acid, 
whereby, according to the conditions of the experiment, it is either wholly destroyed 
or converted into picric acid ; also, by its behaviour to oxidising agents, which att-ick 
it but slowly. The two other possible formulee, 

OCH* , OCH* 

OH and C-HNOH 

CO.C’*H'‘ 

must'^be rejected, — the first, because a compound thus constituted would yield by 
oxidation, not vanillin, but vanillic acid, ; the second, because it re- 

E resents an aldehyde, and conifer.^ does not exhibit the properties of that class of 
odies. According to the formula, 

. OCH* / OOH» 

C*H" { OH which may perhaps bo resolved into C*H* \ OH 

^C*^j[^OU ^ CH=Cn— CH^.OH, 

coniferol should be nearly related to eugenol, OH*(OCH*)(OH)(C*H*), which, indeed, 
appeal^ to be formed from it by fusion with potash, or by heating with water and 
sodium-amalgam (Tiemann, JDeut, Ckem, Ges, Ber. viii. 1127). 

COirXKJk or ZirCBXrSB BBSZir (Stenhouse and Groves, Soc, J. 1876, 

i. 176). This resin, also called * Gum Hyawa,’ i.s the produce of the ‘ Hyawa ' or 
Incense tree {Jcica heptapkyila. Audi.), indigenous in British Guiana, and has a plea- 
sant balsamic (xlour, due to an essential oil, which, however, is present in small quan- 
tity only. The rosin contains but a very* small proportion of extraneous matters 
insoluble in spirit, but it is very unequal in appearance, some portions being of a pale 
yellow colour, and soft enough to bo moulded between the fingers, whilst others are 
white and crystalline. * 

Oonimene, C*H*. — To obtain thfi Essential oil, the rosin was distilled in the 
usual way with a large quantity of water (a current of steam might also be employed); 
and the oil, which came over with the aqueous vapour and separated as a thin layer 
floating on the surface of the water in the receiver, was collected and put aside. 
After standing for some time until the suspended water had sunk to the bottom of 
the vessel, the pale yellow oil was subjected to fractional distillation. The greater 
portion came over between 260® and 275®, the fraction^boiling above that temperature 
having a bluish-green colour by t^iismitted light. In orJer to purify the hydrocar- 
bon from fyiy oxygenated cofiipouuds it might contain, the whole of that which came 
over below 276*^ was digested for several hours with clean metallic sodium; this 
caused the formation of a brown fiocculent substance. The oil was then poured ofl 
from the unattacked metal, distilled, and again digested with sodium, these operations 
being repeated five or six times. The oil was then submitted to a careful fractional 
distillation, when it began tH boil at 150®, but the temperature rose rapidly until it 
had reache*! 255® ; the fraction boiling at 255®-270® was then repeatedly rectified off 
soilittm, when ultimately about half of it w.is obtained in the pure state, boiling con- 
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se»ntlj at 264^. Beforo treatment with f)odiuni» the constant boiling point appeami 
to be near 270®. 

The oil thus purified gave by analysis to 88 24 per cent. c(urbon, and 11*88 
to 11*66 hydrogen, the formala rtn^uiring 88^4 (J, and 11*76 the alight 

defirieacy» 0*3 per cent., being no doubt due to the preKen<|» of a snmll quantity of an 
oxygenated oil. This result, viewed in coniieerioii with the l)oiling point, shows thi^^ 
conimene, in common w'ith many otoer hydi\x*arbitnM obtaiiietl from similar twurec^JC 
must be regarded as belougiiig to the group of sosqniterpenoH, 

Conimene is a colourless, ntobile liquid, which, like the other membem of the 
group, is nearly insoluble in water, but readily miscible witli alcohol, ether, and ben- 
zene. It has a pleasant aromatic o<iour, and bums with a smoky fiamo. Concen- 
trated sulphuric acid acts strongly on it, much heat being developed when the two 
are mixed ; this is apparently duo to the polymerising offbct of tno acid. The pro- 
duct has the saimo odour as the corresponding compound formed by the action of the 
acid on turpentine. 

Cri/*fafline Ifrsin of Conima. /cociVt, C* •11^*0. — The natural rosin con- 
tains, besides the hydrocarlwn, a crystalline compound and an amorphous resin. In 
order to obtain these, the solid residue in the retort remaining alter the essentml oil had 
been removfnl by diHtillation iu a current (»f steitm, was dried lus far as possible, and 
digested with six times its weight of strong spirit. It dissolved almost entirely, and 
on cooling de))osited a mass of silky needltis tif the crystalline compouml, mixed with 
the insoliilde eitrantjous matter originally pre.seiit in the resin. The product, after 
being separated frrmi iho mother liquors and washed slightly with cold spirit, was 
dried and dissolve*! in thirty time's its weight of that solvent. The hot filtered liquid, 
on cooling, formed a semi-soUd pulpy mass of colourless crystals of the nearly 
pure substance, amounting to about 20 fH>r cent, of the weight of the original 
resin. 

The yellow amorphous resin, which is very soluble iu spirit, may be obtained from 
the original mother-liquors on evaporation ; but it exhibits no points of special 
interest. 

The crystals, although apparently pure, still retain a small amount of a brf>wn 
amorphous substance, which may be removed by ai.ssolving them in petroleum IxTtliug 
below 26® (26 pis.) The hot-filterefl solution, on standing, slowly du(>osits the sub- 
stance iu tufts of needles of dazzling whiton€»ss. Thpe, after biung again crystallised 
once or twice from spirit tci remove truces of petroleum, are quite pure. They then 
melt at 176®; but if the subsequent crystallisation from spirit has been omitted, they 
wnll be found to molt at 166®-1G8”, as tlio presence of even a very minute quantity 
of petroleum low’ers the fusion point considerably. 

Icaein dried at 100® gave by analysis 86*61-86*71 per cent, carbon, arcl 11*64 to 
11*94 hydrogen, the formula C**H**0, requiting 86*71 O., 11*80 U., and 2*49 O, It 
docs not appear to possess acid properties, as it is insoluble in aqueous alkaliij^, and 
alcoholic potash does not exert a perceptibly grrater solvent action on it than Alcohol 
itself. 

The crystals are insoluble in water, only mralerately soluble in boiling alcohol or 
petroleum, but readily soluble in ether, carbon bisulphide, and hot bensenu. They 
are attacked with violence by conceutrtd.ed nitric acid, and dissolve readily in about 
twelve times their weight of the acid, with abundant evolution of nitrous fumes. On 
jHiuring the product into water after thes€»<furaes ceaso to bo given off, a pale yellow 
fiocculent precipitate is formed, whidi slowly agglutinates to a resinous mass, not 
yielding any crystalline substjince. Ou ovaponit^g at a gentle heat tho char aqueous 
solution from which the resin had separated, a pale yellow mass of the consistence of 
honey was obtained, which showed no sigtis %)f crystallisation, even after being 
put aside for some months. 

Icacin dissolves in warm <*oncentrated sulphuric acid with a pale brown colour, 
and when more strongly heated becomes black, and evolves sulphurous anhydride. 

The natural resin has l>e«n employed as a substitute for incense, either alone or 
mixed with other odoriferous ^iims, ami may al«o bo useful for postiles. Its useful- 
ness in this respect is entirely duo to the essentird oil which it contains, as neither tho 
orystallino nor the amorphous resin, when lieaUd alqnr^ gives an odour at all resetn- 
bling that of incense. • 

COWSrat C*II'*N. Accf)rding to Griioj^eig {Litbig'n Annals, dxii. i'^3), 
natural conine oxidised with chromic acid yields normid butyric acid. It is therefore 
a normal butyl derivative, and the dififeren^'es observed between natural and artificial 
conine (Isf Suppl. 381) must be due to circumstances iudppeDdent of any diiTerenceii 
in the carbon groups which they contain. 

Hydrohromidt, — Conine, neutralised with bydrobromic acid, forms a hydeohio- 
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mide ■which crystallises in colourless prismatic needles, dissolves very easily in water 
and in alcohol, sparingly in ether and ill chloroform. It is scentless and nearly taste- 
less ; turns red when exposed t<j light, but remains unaltered in the dark; smells like 
conincf when fubbcd between the fingers ; melts at tbout 100®. The conine used for 
preparing this salt should te as white as possible; otherwise, the purification will be 
attended with great loss (Mourrut, l^harTti, J, 'Trans. [3], vii, 23). 

Periodide. — When an alcoholic solution oV conine is mixed by drops with an 
alcoholic solution of iodine, then left to evaporate, the residue taken up with water, 
and the ftolution left over calcium chloride, the compound is obtained in 

large octohedrous, easily soluble in ^ater, alcohol, ether, and chloroform ; insoluble 
in benzene, nearly insoluble in carbon sulphide, and decomposed easily but not com- 
pletely, by silver nitrate (H. R. Bauer, Arch. Pharm.^{Z'], v. 214). 

Hydro 6U Ip hide. — An alcoholic solution of conine treated with hydrogen s'ulphide 
yields c^stals of an unstable compound, apparently having the composition 
C*H**N.H*S* (Schmidt, Pent. Chem. Ges. Ber. vii. 1525). 

Reaction with Aldehydes. — This reaction takes place according to the equation 
2(0*H>\NH) + C*»U'"0 « H*0 + (C»H>*.N)*C”H*"; 

but the purification of the products is much impeded by the condensation of the alde- 
hydes which takes place at the same time. The aldehydic derivatives of conine have 
little or no basic character (H. SchiflF, J)eut. Chem. Oes. Ber. vi. 143). 

COPAXBA. According to Wayne (Amer. Joum. of Pharmacy^ [4], iii. 326), the 
best test fur the adulteration of copaiba balsam with castor oU is petroleum-ether, 
which completely dissolves the pure balsam, but leaves the castor oil undissolved. 
According to Muter i^Aiiatyst, i. ICO), the solubility of the sodium salts of the acids of 
copaiba halwim in a mixture of 5 pts. ether and 1 pt. alcohol, may bo made available 
for the detection of fixed oils in the balsam. 

According to Siebold (/Varrw. J. Trans. [3], viii. 250), the best method of testing 
the purity of copaiba is to evaporate 1 to 1*5 gram of the sample until all the oil is 
expelled. In the absonci* of fatty oil, the resin will be brittle and pulverisable, but 1 per 
cenl- of fatty oil diminishc.s the briUi-leiiess, and with 3 to 5 per cent the resin feels 
sticky. Castor and linseed oils may he distinguished by their odours when the resin 
is heated. iSmall quantities of oil of turpentine can bo dotocted by taking the boiling 
point of the sample, oil of copaibhi boiling at 240^-250®, and oil of turpentine at 160®. 
If the oil of turpentine present amounts to 2^ per cent, of the balsam, it will distil 
over before the copaiba oil. 

iSeo also Bowman (Pharm. J. Trans. [3], viii. 330 ; Chem. Soc. J. 1877, ii. 932). 

COBMBB. E.vtraction. — T, S. Iluntanc? J. Douglas {American Chemist^ 1870, 
p. 198) have devised a process for obtaining copper from its ores, founded on the fol- 
low iqg reactions established by the experiments of Hunt. Cuprous chloride dissolves 
not only in solutions of the chlorides of alkali -metals and alkaline-earth metals, but 
likewise in zinc chloride, mangaiious chloride, ferrous clilorido, cupric chloride, &c., 
producing loosely combined double salts, from which the cuprous chloride is precipi- 
tated on dilution with water. These double salts are likewise produced by the action 
of the oxides of copper on ferrous chloride in presence of sodium chloride. Cuprous 
oxide dissolv^cs in a solution of feri^3us chloride, with precipitation of a mixture of 
ferric oxide and copper ; • 

3Cu=0 + 2FeCP = 2CuHJl* + 2Cu + Fe=0» 

Cupric oxide likewise precipitates ferric oxide from a solution of ferrous chloride, but 
the whole of the copper then passes ifite solution as cuprous and cupric chloride: 

3CuO + 2FeCl* = Fc*0* -h’Cu*CI» -h CuCF. 

This reaction is complete and takes place quickly, especially in presence of common 
salt, and under the influence of heat. When an excess of cupric oxide is used, 
insoluble oxychlorides are produced; the ferric oxide precipitated in the preceding 
reactions likewise always contains small quantities of chloride. 

The extraction of the ores is performed in a bath containing ferrous chloride, pro- 
duced by the mutual action of Yerrous sulphate and a chloride : 120 lbs. of common 
salt or 1 t'l lbs. of calcium chloride, nd 280 lbs. of ferrous sulphate are dissolved in 
100 gallons of water, and 200 lbs. of common salt are added to the liquid. These quan- 
tities are sufficient for the chlorination and solution of 90 lbs. of copper. From this 
solution the copper is precipitated by scrap iron, which at the same time restores the bath 
to its original state, so thifj only an eighth part of fresh lye requires to be added for 
each successive operation. Ores which contain the copper as oxide can be treated 
immediately by this process ; carbonates require previous ignition ; pyritic ores must 
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bo rockoted. The advantage of the piooe^o tiopotnio c»d tbe fact that the greater \ittvt 
of tho copper exists in the solution as euproqui ^l^oridoi which muv of inmrsu be pni*i- 
pitated by a quantity of iron smaller tJian that which is requireil for the decuinpo!^i> 
tioQ of the cupric chloride prcseut la tho solutions obtftined by the niethqtls of extriic- 
tion hitherto Copied. f 

According to a report by F. Wimmer (Ck^m. Centr. 1873, 104), this process is^ 
profitably worked in Chile and North Candiua. 

According to B. Siemens, on the other hand jiwl. J, coxi. 184), it can be 

adrantageouidy applied only to rich copper ores. Poor ores, which do nut .admit of 
elaborate preparation, soon become covered with a crust of ferric oxide, which absorbs 
the carbonic acid gas evolvcnl from the copper carbonates, and then becomes impervi- 
ous to the liquid. To prevent this iucriistation of the on^s with ferric oxide, they 
must be reduced to fine pow'der, and roasted at a temperature high onougli to expel 
carbon dioxide from the copper carlKinatcs, but not to decompose calcium carbonate. 
Continual stirring and warming of the solution are also necessary to ensure the disso- 
lution of the cuprous chloride, and subsequent washing of tho ores with hot water is 
likewise iiidtspeusablo. All these opemtious are loo costly to be pntfltably applied to 
any but rich ores, which, on the other hand, can more advanlageously worked by 
smelting. Poor ores can be more economically lixiviated with iiydr<.>chloric acid. 

Drtatm^U of Sulphuretted Copper Ore». — I. Monnirr's meihtxl consists in roasting 
the ore with sodium carbonuto. whereby acid sodium sulphate is formed, together with 
iron and copper sulphates. On raising the temperature, the free acid of the sodium 
salt acts upon the still uuroasted metallic sulphides. The heat is incre/isod till tho 
iron sulphate isdecoinposMl, after which the copper sulphate is dissolvcMl out by water, 
and the solution evaporated to tho crystallising i(x>int, whereu}x>ri about four-tlfths of 
the cupric sulphate crystallises out. The mother-liquor is evaporated to dryness ; the 
residue iguite<l ; the sodium-salt removed by washing ; and the cupric oxide which 
remains is smelted to obtain the metal. 

2. The following meth<xl is mlopted at the Bede Metal Works, JariMW, for extract- 
ing copper f rom tho residues obtained in burning pyrites for tho manufacture of sul- 
phuric acid. These residues always contain a qttantity of sulphur sutheioat to hold 
ill combination the 2-4 per cent, of cop{>6r present in them. They are first roitsted 
with ailditiou of common salt, so as to convert the cupper coinplctcly into sulpliute, 
which then reacts with tho sodium chloride, t<jrm:ng sodium sulphute and cupric 
chloride. Mr. Oihb, the Direebir of tho abovo-iiientiuno<l works, hss const ructwl a 
mechanical roasting furnace, by moans of which the roiisting may be completely 
effected w'ith so small a quantity of common suit, that the resulting sodKim sulphate 
is pure enough to be used for tho niaiiufactiire of soda. The roiisted masses ar« 
lixivialt'd with water and hydrochlollc acid (condensed from the gases ettdvcd from 
the roasting furnaces), and tho copper is precipitated frtjin the solution by hydrogen 
sulpliide. The liquid fillerod from the copper sulpliido is evaporated to dryiios|; the 
residue, after calcination, is ignited with chanxsil ; the melted mass containing 
sodinni sulphide, formed by rcxluction of tho siilphalo, is dissolvetl in water ; and car- 
Ixinic acnl gas is pas-sed into tho <Lo1ution, whereby mslium carlxjnato is formed, with 
evolution of hydn.tgen sulphide. The soda-solution is evaporated to liryness, and the 
hydrogen sulphide is utilised for pred pita ting copper ((4. Lunge, Dinql. pol. J, oci. 
288). 

On the Treatment of poor Copper Ore%, see also Dingl. pol. J, ccxi. 349 ; ccxvii. 
478 ; Chem, Soc. J. 1874, 1117; 1876, K 705, 

Uec of Phosphorus in the Refining of Copper , addition of phosphorus in that 
part of the operation of refining copper lur^ww as * poling,' increases the density of 
the refined metal, and at tho siinie. iime assists the deoxidation, thereby accelerating 
the process, and dispensing to a considerable extent with the use of the pole. It 
docs not, howerer, appear desirable to effect the deoxidation entirely by phosphorus, 
but rather to bring the metal by its agency near to the lough-pitch point, and then 
complete the process by the less rapid action of the pole. The phosphonm is itddcd 
in the form of a phosphide of copper containing about 7 per cent, of phosphorus, pre- 
part d by pouring meltacl coppeh upon sticks of phosphorus pimped at the bottom of a 
conical iron crucible, pn^tecUxl tlirougbout by a linii% ofsloani mixed with powdered 
coke. The cover of the crucible is traversc^i by^ funnel through which the metal is 
poured, and has a small hole for the escape of air. The metal falls on a porforat*?*! 
plate coated like tho crucible, and placixl midway between the bottom and tho 
co\*er, thus presenting a body of metal to absorb the escaping phosphorus vapour. 

The proportion of phosphorus required varies with tbofdryness of the copper after 
fusion. At Chatham Dockyaurd, where the process haa for some time bc»sn used with 
great success, 1 ewt^ of the copper phosphide is added to a charge of 5 tons^ and with 
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this quantity the copper is scarcely ever overpoled. It represents about 6*07 per 
cent, of phosphorus, and about half that quantity is found to be permanently 
retained. 

The advantages of the use of phosphorus are ai follows : ^ 

1 . Increased density dk’ the metal, that of ordinary cake -copper being 8*880 to 
^ 839, and that of copper refined by the phosphonis process, 8*854. 

2. Acceleration of the poling process and reduced consumption of poles (W. 
Weston, Mag. [4], 1. 642). 

Reactions of Copper with Water and Saline Solutions . — Distilled water 
containing carbonic acid dissolves a pobible quantity of copper, the amount increasing 
with the duration of the action, and the pressure under which the vrator has been 
saturatcxl. The solvent action of water is increased by the presence of chlorides and 
nitrates, but diminished by Uiat of carbonates, and to such an extent, that w'hen car- 
bonates are present, togothet* with chlorides and nitrates, the solvent action of the 
water di.sappeaTS almost entirely (Muir, Chem. News^ xxxiv. 223, 234). 

Carnelley {Cheni. Soc. J. 1876, ii. 1 ) finds that the action of water on copper, very 
slight in itself, increases with the duration of the action, and the extent of motal- 
surface exposed, and is diminished by the presence of electropositive substances, and 
by rise of tomperaturo. Among salts, the most active are the ammonium salts, espe- 
cially the chloride ; and among salts with fixed base, the action is determined mainly 
by the acid radicle. The least action is exerted by the nitrates, then follow sniphates, 
car1)onates, and chlorides. In this case also the quantity of copper dissolved increases 
with the duration of the action, the extent of copper-surface exposed, and the concen- 
tration of the solution. With regard to the action of mixed solutions, it is found 
that the action of sodium chloride is somewhat increased hy the presence of potassium 
nitrate, and in a greater degree by that of potassium sulphate. The action of ammo- 
nium sulphate is hut slightly increased, and that of ammonium nitrate is neither 
incroased nor diminished by the presence of potassium nitrate. The action of 
ammonium chloride is diminished, by the presence of stxlium chloride, less by that of 
potassium nitrate, still less by that of potassium sulphate. 

S d'phuration of Copper hy a MhtHral Water . — In the cleansing of the subterranean 
reservoir which receives, from a fissure in the rock, the thermal waters of Bourbonne- 
rArchambault, Roman coins wore discorerod encrusted with copper sulphide, by the 
slow action of the sulnhates of the r.vater and o^anic matters. Some of the coins ha<l 
boon completely Bulpiurised ; others retained in the centre a thin remnant of the 
copper, which was immediately covered by a black layer of sulphide, and this was 
surrounded by phillipsite, while on the exterior was a stratum of copper pyrites, in 
which graii^ of san<l were imbedded. The sulphide of copper first formed must have 
absorbed successive quantities of iron sulphide, produced under the same iiifiucnces as 
itself, so as to change it from the intermediate condition of phillipsite to the extreme 
one of copper pyrites, the action being of a nature analogous to that by which iron is 
converted into steel by cement ati op. Between the layer of copper sulphide and that of 
phillipsite on one of these coins was found a deposit of strontium sulphate. A mass 
of iron pyrites was also discovered, with some vestiges of an iron bar enclosed in a 
cavity having the original form of the bar (De Gouvenain, Compt. rend. Ixxx. 
1297). 

On the reactions of Copper salts with Vhospliorous and Hypophosphorous aoids^ see 
2nd Suppl. 966. 

Action' of Fatty Oils upon *— This action has been studied by W. 

Thomson {Che^n. News, xxxiv. 176 , 200 , 213). Strips of copper were immerse in 
vaiious fatty oils for ten months, whdlly in the first series of experiments, partially 
in the second. A portion of the oil was then tested for copper ; another portion was 
warmed ami shaken wdth water, and the water tested for copper aud for acid. The 
general results w'ere as follows : 

1 . The amount of acid in the water boro no relation to the amount of copper dis- 
solved by the oil. 

2. When the quantity* of copper dissolved was largo, the quantity going into solu- 
tion in the water was also generally large. 

3. Cerlaiii oils caused the formation of a green sediment upon the copper; little 
or no copper w'as dissolved by these oils. No fish oil, except American sperm-oil, 
produced a dep'tsit on the ci»pper. 

The following oils produced sediments : — Olive; palm: palm-nut; fi^reign neats- 
foot; English ditto; tallow.. JSfries II. Olive; palm-nut; ground nut; American 
tallow; coiimioii tallow; lurd. Dale aud brown rapeseed jpnxliioed depi>sits only at 
tile point where the copper came into contact with the surmce of the oil. American 



COPPER, 5S9 

sperm produced a slight green deposit at the hurluce of the oil. North American 
neatsfoot covered the copper vrith a network ofntieu deposit. 

The following oils dissolved much copper^ fHtbout causing any deposits : — Seri(»s 
I. Refined rape; linseed; raw <^-liver ; Newfouz^land cml ; common st^al ; pile 
rape ; -American sperm; pale sear. Brown rape, castor, raw linseed^aiid English 
neatsfoot tarnished the copper, and siniultaiicHUisly dissoA’cnl lai^ quantities of the 
metal. ^ . ■ s 

The following oils dissolvotl smaller quantities of copper, without pnxlucing any 
deposits : — Seal ; pale sejil ; whale ; cm! ; shark : l-iast Indian Itsh. 

The following ppoductd a (hirk-dolouml deposit on the copper : — Non-refihed rape ; 
pale cotton -seed ; ordinary cottoii-sccd ; Series IT. Haw linsecsi; Eli^liab 

ueatsfix>t; coltoii-secd ; brown rape. Tlirce inineml oils pisnluced in both serioa a 
greyish deposit. English nt^^iUfoot and tallow alliid«nl to in Series 1. dissolved «<> 
copper. Ill Serjes II. American tallow, common tallow, palm-nut oil, whale oil, and 
one sample of olive oil dissolved no cop|>cr. 

The green deposit formed on ilie cupper iip}H»ars to contain a fatty acid. 

Effect of certam Oiytinic HtHlus in Pret'entim/ the Prrcipiftttion of Copprr^sttJti hy 
Alkalis, — The power of preventing the precipitation of cupric hydrate by alkatis, 
which is exhibited by aromatic oxyacidHand by phenols, appMirs to Is* limited t4> thone 
which belong to the ortho-sorios ; thus, in presence of salicylic acid, pyrocatcchin, 
gallic acid, pyn^llic acid, qtiinic aci«l, Ac., fhi* addition of canstic so<ta to a cupric 
solution produces merely a lilue-green liquid, from which not a trace of copper is 
thrown down, even by a large excess of the alkali. On the other hand, oxybenzoio 
acid, parox^*benzoic acid, re.sorcin, and hydroquinono, do not interfere in the 
slightest degree With the precipitation of the copper (Weith, Dt%U, Chem, Ges. Ber. ix. 
34i). 

IkateottOB of Ooppor. Very minute traces of copper may be detected by im- 
mersing a small couple of zinc un<l nlatinum wire in the solution to bo tested, and 
then exposing tho platinum wire to ttie mixed vapours of bromino and hydrobromic 
acid given off on treating potassium bromi<io witli strong suljdiuritr acid. If the 
smallest trace of copper has been depositisl on the platinum, a <Jeep violet crdoration 
will then be produced, due (o the formation of a comj^iound of hydrated copper hrwmide 
with hydrohriimic acid. The tint may Iw conveniently obsi'rved by touching a white 
porcelain plate with the point of tho moist platinum wire ; and after the experiment, 
tho wire may bo heated in the flame of a Hunson burner to show the green copper- 
flame (L. Cresti, Oas^. chim, ital. vii. 220). 

The presence of small quantities of copper in vinegar — due, ]v*rhaps, to the action 
of the vinegar on the bra^s taps and fittings of the store-vessels— may be easily de- 
tecteti Ijy electrolysing the liquid mixed with nitric or sulphuric acid platinum 

crucible serving as the pr»sitive polo of a small Voltaic battery, the negative pile being 
formed of a Irent piece of platinum-foil dipping into the liquid. The copper is then 
precipitated on the platinum-foil in the form of a pure red film. The defiosltion is 
Jiccelerated by heating the cnicible in water to flO® - 80® (A. Roche, J. Pharm. Ckim, 
[4], xxvi. 2.3; Chem, Soc, J. 1877, ii. 927). 

On ike Detection of Copper in the Hvman IMt/f see Raoul t a. Breton {Compt. rend,. 
Ixxxv. 40; Ckem. Soc. J, 1877» ii. 928). 

Ation of Coppar. F. lAgrange {Ann. Chim. Vhyn. f5], iii. 478) estimates 

copper volumetrically by decomposing it With glucose in alkaline solution. An acid 
copper-solution is first precipitated with excess of alkali ; the well-washed precipitate 
is dissolved in sodium tartrate and caustic sod^i, and the liquid is titfateil with a 
standard solution of glucose. To prepare this solution, a known i^^uantity of cane- 
sugar, thoroughly washed with alcohol, is dissolviKl in a small quantity of water, and 
inverted by boiling w'ith a few dreps of sulphuric acid, the odd being then removed 
by digestion with barium carbonate. In applying this methraJ to ores or alloys rich 
ill iron, the iron must first be removed, which is best done by means of ammonia. 
The presence of silver hss no influence on the determination, as this meta)* remains 
undissolved in the form of oxide, when the cupric oxide is dissolved in the alkaline 
solution of sodium tartrate. 

Camelley {Ckem. AVtcs, xzxii. 308) estimates sipall quantities of '*opp<*r colori- 
metrically, by comparing the brown-red colour pnKluceain a solution oCpotassium 
ferrocyanide containing ammonium nitrate bj' iP ropiair-solution of definite strf .<gth, 
with that which is produced under similar conditions by the copper-solution nt^er 
examination. 

Loe.t of Copper ru the Cornish inHhotl of According bi C. Mabony 

{Chem. Newr, xxvi. 243). the results obtained by this method are always too low, 
owing to loss of copper by volatilisation in the form of chloride. 
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This l 0 B 8 of copper takee place in the fusion for * coarse-metal * and * refining of 
regulus/ It is due to the circumtitancg that the copper oxides, are reduced, and the 
crude button of metal subsequently refined in presence of a laigo proportion of sodium 
chloride, when, owing to the hi|(h temperature <'it|vhich the reduction is effected, a 
small quantit5^ of copper chloride is formed and volatilised. 

The following table shows the loss actually sustained in the dry assay of three 
B&mploB of copper pyrites : — • 


Percentage 
&oin Button 

I’ercciitago 
in Blag 

Total 

I>orceutage 

Percentage 
^ Wet Assay 

X.09S 

1012 

0*07 

10*19 

11*26 

1*06 

8 88 

0*12 

, 9*00 

10*20 

1*20 

13*88 

0*27 

14-16 

16 00 

085 


Accoitliog to J. Hoskell, on the other hand {ibid, xxxiii. 77), the presence of 
sodium chloride is not the sol^ cause of loss in this method of assaying, as a volatili- 
sation of copper takes place even when no salt of any kind is presenit In the latter 
case, however, the loss is insignificant. 

D^terTfiination of Copper and Nickel by Electrolysis. — The solution to be 
electrolysed is placed in a platinum crucible forming the negative electrode, and having 
in its axis a platinum wire twisted like a corkscrew, and forming the positive electrode ; 
this wire passes through the perforated porcelain lid of the crucible. For the estima- 
tion of copper, the solution must be strongly acid ; for nickel, ammoniacal. This 
method may be used for the separation of copper and nickel. The solution containing 
the two metals is strongly acidulated with hydrochloric or sulphuric acid, and the 
copper precipitated from the acid solution ; the liquid is then made alkaline with 
ammonia, and the nickel is reduced. A battery of two or three Grove’s elements is 
sufficient for the purpose. When a solution of German silver is analysed in ]^is 
manner, the lead contained in the alloy collects in the form of peroxide at the positive 
pole, and the iron is precipiuitod by the ammonia (Merrick, Ckem, News^ xxiv. 100, 
172 ; Herpin, Vinyl, pol. J. ccxv. 440). 

Estimation of Impurities in Commercial Copper. — The following elec- 
trolyV.c method is described by W. Uampe {Zeitschr, Anal. Chem. 1874, 176). About 
26 grams of clean copper shavings are dissolved in a mixture of about 200 c.c. water 
and 17d"l80 grams of nitric acid, sp. gr. 1*2, till no trace of metallic residue is visible ; 
filings are not so well adapted forVl^e assay, as they are apt to be contaminated with 
iron and grease. The solution, whether clear or — as frequently happens — containing 
a suspended precipitate, is mixed W’iJh 26 c.c. of chemically pur© sulphuric acid, 
evaporated to dryness over the water-bath, and the residue is heated in an air-bath 
till the small excess of sulphuric acid is completely driven off. The residue, when 
quite cold, Is treated with 20 c.c. nitric acid, sp. gr. 1*2 ; 350 grams of water are 
griulually added till the whole of the cupric sulphate is dissolved ; and hydrochloric 
acid iw added in quantity just sufficient to prooipilato the silver containeil in the 
solution. The precipitate, consisting of silver chloride, together with lead sulphate 
and autimouic acid or uiitinionatcs which have reinainecl uiidissolved, is collect^ on 
a very small filter, and the solution, together with the wash-water, is electrolysed till 
all the copper is precipitated, the precipitation being complete when a fresh platinum 
electrode iutrvduced into tliu liquid l) 9 comos fovored with a mere shad© of metallic 
copper. The liquid is then drawn off with a syphon, without interrupting the cur- 
rent, and replaced as it Hows oft' by wato? <lirected from wash-lxjttles on the elec- 
trodes, till t,he evolution of gas at the positive pole ceases, a sign that the liquid no 
longer has any acid reaction. The •current is now interrupted; the platinum cone 
which serves for the negative ^loctrqdct with its adhering film of copper, is amin 
washed witli w*ater, then over another vessel with alcohol ; and the copper is dried by 
holding it in the hot nir over a heated platinum of silver dish, and lastly weighed. 
The platinum spiral forming the positive electrode, on which a coating of lead dioxide 
is always depositeil, is rinso<l in like manner; and the liquid, amounting to about 
4 liters, is slrot^gly concentrated in a flask, and finally evaporateil nearly to dryness in 
HU air-bath. The rosiditu is wivmied with strong hydrochloric acid ; the resulting 
solution diluted with water, and filtered frojii a small Quantity of silica d©ri%'cd from 
the glass vessels ; and the ^Urate is several times ti’eateil with hydrogen sulphide, to 
ensure the^’omplolo precipilatiou of arseiue. Ik fore filtering off this precipitate the 
lead dioxide de^isited on the platimfm spiral is dissolved in hydrochloric acid ; the 
load precipitntrd sulphate l)y addition of sulphuric acid ; and tho precipitate, to- 
gether with the sulphide of arsenic, is collected on tho same filter with the silver 
chloride, anti mo nut os, v^c , previously separated. The filtrate serves for the determi- 
nation of iron, nickel, iVc. 

The mixture of silver chloride, b ad &ulphiilc>, antinionates, &c., is fused, after 
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defftinetion of the filter, with sodium carbonate and siilphar, wbeiebj the antimonateo 
are completely decomposed ; the melt is d%ested with \pater till it is completelT 
disintegrated ; the hot solution is passed through the filter which contains the precipt- 
tates separate by hydrogen 8|lphido from the Mier filtrates ; an4 this £ter is 
washed, first with dilute solution of potassium sulpiiido, then with sulphuretted 
hydrogen water, whereby the whole of the arsenic, anUmony, and tin are obtained, in 
the filtrate as sulphur-sslts, while'! ho leml, silver, bismutli, and copper romniii iu the 
residue, and may be soparuted by knowTi methods. 

To determine the iron, ooljalt, nickel, &^c,, the filtrate from tlio Siilphuretted 
hydrogen precipitiite is oxidised with nitric acid, Uie iron is precipitatixi by amniouia, 
and the cobalt and nickel from the ammoniac-dl filtrate by electrolysis. 

Lastly it must bo remembered that bismuth, if present, is completely dissolved in 
the treatment of the copper with nitric acid, and precipitat*»d, together with the copper, 
by the electric current : hence it is nocossiiry to submit the electrically deposited 
copper to a special examination. For tins purpose, the bismuthiferous copper is 
dis.solved in a sufficient quantity of nitric acid; the solution mixed with a largo excess 
of hydrochloric acid, and boiled till all the nitric acid is expelle<l, aud the contents of 
the fiask consist wholly of metallic chlorides ; and Iho liquid, after concontratiou on 
the 'W'uter-bath, is mixed with a largo quantity of boiling w'atcr, w'heroby the whole of 
the bismuth is thrown down mixed with a small quantity of basic cuj)|H;r salt, and Uie 
two metals are separat ed by moans of ammonium carbonate. 

To determine whether the foregoing metals are prt*sent wholly or partly in the 
regulino state, or in the form of oxides or salts, two scries of experiments are re<juirt*d, 
namely, the quantitative analysis of the residues obtained: (1) by treating the copper 
with nitric acid ; (2) by treating it with neiitnd silver nitrate. The first of thc«o 
rosidiies contains the motals ’W’hiidi are present in the copper ns anti monatos, cspiHiially 
biiiiuth, load, nickel, copper (us cuprous salt), &c. The residue loft on treating tlie 
copper w'ith silver nitrate, contains arsenic, lead, and iron, together with cobalt and 
nickel, if these metals were present in the copper as oxides or tis sal 

The total quantity of oxygen is best e.stimated by reduction w'ith hydrogen ami 
determination of the loss of weight, or of the quantity of water formed. To determino 
the qmintity of oxygen present a^ cuproiiH oxidtl, tlio copper is treated with fieutral 
silver nitraw, whereby a mixturo of silver and basic cupric salt is precipitated, iiml 
tlio quantity of copper in this precipitate gives by tjilculation tho amount of cupnius 
oxide originally present. 


CoMPovNDs OP ConrKa. 

JUloys. 1. With silver. The molting points of a series of copper-silver 
alloys have been deterruiinHl by W. O. Koberts {Proc. Poy. Soc. xxiii.*349, 481) by 
the method of Pouillet {Elements dc. VhyMque^ 6me. Ed. li. t>64), which consists iu 
plunging into the just melted alloy a wrought-iron cyliniler of known W'oiglit lipd 
specific heat. The crucible containing the mulUsl alloy is tlieu removed from the fire, 
aud when the alloy shows signs of s<jlidifyiug, the irem is immediately transferred to a 
W'ater-calorimeter, and tho rise of temperature of the water observed. From this, 
together with the weight and spwific heat of the in)n, tho melting point of the alloy 
may bo calculatid by means of a formula to be presfmtly given. « 

First, however, it is necessary to determine tho mean specific heat of tho iron 
cjdinder betwocn 0^ C. and a known jxiiift near the maximum temperature likely to 
bo attained in the course of thcj experiments. A convenient temperature for the 
purpose is the melting point of silver, which Bscquorel deU>rmined by placing a w'iro 
of pure silver in a crucible enclosed in a pofcq^in tube surrounded by the vapour of 
boiling zinc, and therefore at a tomperature of 1040'’. This beat is sufficient to effect 
the partial fusion of the silver, tlw* melting point of which is therefore alsf> 1040“. 

This temperature being known, the specific heat x of tlie iron is given by the 
equat ion : 

^ _ (P + - O 

p(T-e) 

Where p is the correctixi W'eight of the iron cylipder ; * 

P that of the water ; • ^ 

• la tmosnuring thn Iron cylinder frum the cruciT^e to the colorimeter It is impoiMltde to avoid 
canylDK over a sin^ quantl^ of tbe ui^ted metal which wiberos to the iron : this ruu to lie allowed 
for. With pure rilvir, U'M’Ol may be taken u the npfdtlc heat, and iu the cam^ vt alloys, the 
ueoemary oorreetion may be made Ity dedodnu the specifle beat of each alloy from tiuf vpeefilo beate 
of its coo^toenta ; the weiirht of iron equivalent to that of fLo metal or alloy tifirried over la 
by multlplyinir the weight of transferred niPta] by its sf^edflc heat, and df riding the 
prodnet by the speciiSo be^ of Iron, as aaoertaJneil by preliminary experimimtit, 'i'hiM wedglit is tbea 
i^ded to that of the iron employed. 

3rd Svp. , O O 
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p o' and p" c" the water-equivalents of the calorimeter and thermometer 
respectively ; ♦ 

if the initial temperature of the water; 

0, tl^ final temperatur^' of the Water ; 0 

T, the initial temptrature of the iron, and therefore the melting point of 
» the motal [in this case = 1040®] ; 

or, the specific heat of the iron. ' 

In one experiment these quantities had the following values : 




■■ 84-446 grams T 

260*520 t = 

p o' + p"c" =» 16*687 0 

Those values substituted in the preceding equation give : 

(260-554 + 16-687X63 +10) 

“ 84 •'44 6 (1040 + 63) 


1040® 

16 '" 

63 ‘" 


0*16734. 


The mean of three successive experiments gave 0*15693. 

The several alloys were prepared by melting together pure silver and pure copper, 
and, as soon as the crucible containing the fused metal was withdrawn from the furnace, 
a small portion of the thoroughly fused alloy was granulated and ^set aside for 
analysis. 

The data for ascertaining the melting point of each alloy were furnished by an 
exporiment similar to that which was made for determining the specific heat of the 
iron, and the result was Cfilcuhitod by transposing the equation above given, making 
T the unknown quantity instwid of .r. The equation tlicn becomes: 


T = (1^ + p'o' + y"c")(Q - t) ^ Q 

p X 


the value assigned to x being in all cases 0- 15693, as above detcrminetl. 
The results are given in the following table. 


Melting point of Silver- Capper Alloys, 


No. 

Ptirta of pure nllvor hi 
1000 porta of the alloy , 

Approxiiiiuto 

foriniilu 

Mcltiug pofnti (ntcaii) in 
degroea Ceutlgnwlo 

1 

1000 

(pure nilver) 


1040 


926 

Ag^gu 

931-1 

3 

820-7 

Ag^Ou 

AgKhi'-' 

880-2 

4 

798 

887*0 

.Y' 

, 773-G 

Ag-’Cu 

868*3 

6 

760-3 

Ag^Cii* 

860-4 

7 

718*93 

Ag®Oii= 

870-6 

s 

630-29 

AgCn 

846-8 

9 

000 

867-0 

10 

609-6 

AffCu^' 

899-9 

11 

661-1 i 

Ag'Cn* 

917-0 

12 

640-8 

! Ag'^Cu-'* 

919-8 

13 

600 

, Ag^C.i^- 

940-S 

14 

497 

Ag’-Hhr'‘ 

1 962-0 

16 

469-4 

i « . Ag('u- 

1 900-8 

16 

260-6 i 

j AgCq* 

' 1114-1 

17 

<» I 

(pure copper) i 

! 

■ 1330 


The alloys nuinborod 7 and 8 are of cspccuil interest, 'fhe first, Ag®Cii% isLevors 
homogeneous alloy (v. 287). which docs not exhibit the phenomenon of liqtiatiun, but 
retains its constitution when slowly cooled. The alloy AgtTu, in which the atomic 
relation between the two motels is the simplest of all, exhibits the lowest melting 
point. « ^ 

In studying the phenomena of liquation, the alloys wore cast in red-hot moulds of 
firo-brick, m which the metal (alK)ut 60 oa.) ixjuld bo slowly and uniformly cooled. 
The results showed that the homogeneity of Ij«!voVs alloy is slightly disturb^^ by this 
method of casting ; and, on vae other hand, that alloys which contain more than 71*89 
per cent, of silver hardly show signs of rearrangement when the solidification takes 
place gradually. Tvo alloys containing respectively 63 and 33*3 per cent, of silver 
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were found to be far from homogeneous, and in tho former the arrangement was in- 
ftueucod by gra’inty, the base of the casling4t>eing rich in silver.^ 

The specific gravity of Levol*s alloy was found to be 9’9045 in the solid and 9*0054 
in the fluid state. ^ 

2. With Tin. A Kiche {Ahh. CAim, Phys. [4], xfx. 351) has examined a series 
of these alloys with regard to fi^sibility, liquation, and changes of density reeuhing 
from certain ojwatious. The alloys SnCu* and SnCu** jiro tho only ones which melt 
and solidify without decomposition, and their melting points lie between those of 
antimony and of silver (of 899 degrees of fineness), or about 600®-70(i®; all other 
alloys of tin and copper undergo liquation at|.he moment of aolidification. 

To examine these phenomena more clescly, the several alloys, in quantities of 500 
to 700 grams, w'ero fused for ten hours in iulmlar moulds, and tho top and bottom 
portions of the castings were aualysed. Anutlu r jx)rtioii of each of the meU-<»d alloys 
was stirrcxl during solidification, and the portion which last remained liuid was |x>ur^ 
off and likewise analyseil. Tho results are given in the following table : 


Cou] position 
of the alloy 

rorcentage 
of tin 

top j tK>ttom 

PertvntAKc <tf tin 
of tiMJ port ion 
lust aolicliliea 

I’hyMicut pro]s>rtieii 


1. 

iCM 
t Sns 

9-7.1 ) 
9()-27 > 

87-87 

92-90 

98-50 

1 tin-grey, soff as tin; 

< crystalline 

non- 

2. 

» Gu 
i iSii* 

84 -791 

831 5 

78-90 

90-99 

( tin-grey, cryHlJtlliKing by 
t c<H)ling 

slow 


j Cu 

21 2iy 

81*81 

84 -.50 


1 tiu-grey, crystnlliscil, mode- 


1 Sir 

78-79 i" 

74 97 

77*40 


1 rately liard 


4 

f Cu 

34-99 1 

.58*1 1 

75*83 

8‘^-83 

J wliitish-grey, crystalline, 


l«u 

Go 01* 

55 

80 


i brittio 


5 


51*84 1 



50*42 ' 

( Muisli-grey, like zinc ; vsryslal- 



48-101 




' line, vi ry bnulo 


0. 

j Cu* 

( 8n 

01*79 1 
38-21 > ! 

37*29 

37-00 

37*37 to 37-35 

1 bluish, liijf-gruinotl, puivtsr* 
i isablu in the mortar 

7. 

< t’u* 

1 8ii 

G8-28) ! 
31-721 j 

30*44 

30-83 

30-91 

wJiilo, laminar, brittle 
i glass 

IVS 

8. 

fCu* 

ISu 

72-91 1 1 
27-09* : 

27*15 

26-78 

27-70 

( white, with ycllcwish reflex ; 
i crystalliue, very hard 

9. 

iCu« 

ISn 

70-31 1' 
23-091 ■ 

23-37 

23-69 

25-17 

/yelloMdsh, very hard^ 

^ grained; niAlealdu at 
' rwi heat 

filio- 

<lull 

10. 

f iW 

79*02 1 
20'98l ; 

21*00 

21-32 

24*8.5 

like No. 9 


11. 

r Cu* 
I8ii 

18-85^ 

18 88 1 

13-50 ‘ 

24*00 

like No. 9 


12. 

fCu'® 

‘iSu 

1.5 07 f 



20 00 

24 .50 

tJistinctly yellow 


1.3. 

jCu** 

1Sn 

89*00 1 1 

1 1-00 1 ^ 



1.3 10 

gun- metal 



The si>©cific gravity of these alloys is best determined by filing off portions from the 
upper and lower ends of the casting, and taking the mciiii of the two specific gravities. 
In alloy's rich in tin expansion takes place (that is to say, the specific gravity of tho 
alloy is less than tho mean sj/icific cavities of the two metals), up to the proportion 
Cuiin* ; alloys richer in copper exhibit con traction, *whish is srn^l in the alhiy SnCu*, 
then suddenly becomes very great, attains its guiximum in SiiCu", and ihlljn gradually 
<liminishes. The gresatest density, 8*91, is found in the alloy SnCu", even the mor«‘ 
cupriferous alloys exhibiting low'er densities, e.g, gun-metal, 8*84. 

Tho hardness of the alloys, reckoning from pure tin, increases with tho proportion 
of copper up to CuSn. This, and all tho more cuprife^/us alloys up to Cu*8n, are 
extremely brittle, and from this alloy th« hardship diminishes as tho pioportaon 
of c*jppcr iucreases. 


o o 3 
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The alloy SnCu* is distinguished from aU the rest by several characters : it pre- 
Bents the same homogeneous composition %ftep repeated fusion, is peculiar in colour, 
has the highest density, exhibits greatest degree of contraction, and is so brittle 
that it may be pounded in a mortar. f 

Bronzes rich in tin (18Ho 22 per cent.), such as are used for making wind- 
insteruments, have their density increased by ignition and sud^n plunging into cold 
-water ; but on again raising them to a red heat, and' then leaving them to cool slowly, 
the density is lowered, but not to the value which it had before the sudden cooling. 
By mechanhial treatment, such as simple compression or the blow of a coining press, 
followed either by sudden or by slow cooling, the density of these alloys is increased, 
more also (from 8*775 to 8-952) by prepare and sudden cooling, than by pressure and 
slow cooling (from 8‘782 to 8*854). Those bronzes, therefore, are affected by sudden 
cooling, and by annealing, in the opposite manner to steel. They cannot be worked 
at ordinary temperatures, because they break too easily ; they are likewise brittle at a 
rod heat, and between lOO® and 200°. But at temperatures a little below dull redness 
they may bo forged like bar-iron, easily hammered out into thin plates, and reduced 
from 14 mm, to 1 or 2 mnj. thickness by passing between rollers. This property 
rondors them available for the fabrication of gongs, which in external appearance and 
sonorous quality, as well as in chemical composition, are identical with the famous 
Chinese instruments. By the same treatment in the warm state these bronzes are 
moreover rendered denser, and more easily brought up to any given density, than by 
similar treatment when cold. 

Alloys containing a smaller proportion of tin (94 to 88 per cent, copper and 6 to 
12 per eout. tin) winch can bo rolled and hammered at ordinary temperatures {gun- 
metiil, &c.), are not increased in density by cooling either slow or sudden. If they 
are at the same time subjected to mechanical treatment their specific gravity is 
slightly incroiisod. A bronze containing 6 per cent, tin had its density inerpased ftita 
8*1)24 to 8*932 by 72 blows, alternating witli 24 annealings, and by similar treatment, 
substituting quick for slow cooling, the density was increased from 8*928 to 8*935. 

Kiche has also studied the liquation of gun-motal. Analyses of samples taken 
from the outer and inner layers of a gijp at diftbrent distances from the brooch showed 
that the portion of the alloy near the axis of the boro is not homogeneous, but contains 
white cryatalHrio grains very rich in tin (11*21 to 14-49 per cent.) 

On the whole, however, the outtw* layers are richer in tin (containing 9*282 -9*676 
per cent.) than the inner, which contfiin from 8*726 to 9*046 per cent, tin. h'or the 
striking of bronze medals an alloy containing 96-^97 per cent, copper and 4 per cent, 
tin is well adapted by its colour, ring, and facility of working (Riche). 

vSpecimens of Ohiiicsc and Japanese bronze, distinguished by a very beautiful dull 
black colour have boon analysed by H. 'Morin reJid, Ixxviii. 811) 

with the following results: 







- 

2 

3 

4 

6 

6 

7 

Tin 





4 36 

2*64 

3*27 

3-23 

6-52 

7*27 


Copper . 





82 72 

82*1)0 

.81.30 

83-09 


72*32 

71*46 

I/oad 





9*90 

' 10*16 


11*50 

20*31 

14-59 

16-34 

Gold 





— 

trato 

— 

— 

— 


— 

Iron 





0-55 

0*64 

U-67 

0*2-2 

1-73 

0*28 

0-25 

Nickel . 





— • 

trace 

— 

— 

— 

— 


/iinc , 





1 86^ 

2-74 

3*27 

0-50 

0*67 


5-04 

Arsenic . 





trace* 

•0*25 

trace 

0-25 

trace 


trace 

Sulphur. 





trace 



brace 

trace 







1 

99-39 

99*63 

99*06 

98*79 

100-32 




No, 1 has a specific gravity of 8*8455. t 

The peculiar bhuk colour of thucse bronzes is not duo to superficial sulphuratiou, 
but bolongScto the substance ^of the bronze. It iucreoses indeed in intensity -with the 
proportion of lead present, "which in all these specimens is larger than in ordinary 
bronze. The presence of zinc rather impairs the colour. 

In imitation of those bronzes, alloys wore mode of the following compo- 
sition : 




i 

6n 

Cu 

Pb 

Fe 

Zn 

I. 

. 

, 

6*6 

72-6 

20-0 

1*5 

0*5 

II. 

. 

. 

6*0 

83-0 

10-0 

— 

2-0 
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^o. I. produced an alloy ezoeedingly difficult to work, and, without giving any 
sufmor results aa regards colour, fumi&adeastiDgs which were extremely brittle. ' 

No. II., on the contrary, ffavat an alloy exactly resembling the Chinese bronte. 
Its hracture and polish were and, when l^ted in amuffie, it quickly assumed 

the peculiar dead-black appeaknce, so greatly admii^ in the Cffinese specimens. 
Hitherto it has been found difficult, if not impossible, to obtain this depth of 
colour with bronzes of modem art, since the surface scales off wlien heated tihder 
similar conditions. 

Ghristophle and Bontllot (Gompt, rend. Ixxviii. 1019) confirm the results of 
Morin’s analyses, but point out that the presence of lead in bronsa is by no means 
essential to the production of a fine black u^tina. By peculiar oxidation-processes 
they profess to have succeeded in producing brown, orange-yellow, red and black 
patina on pure copper. These processes are not fully described, but are said to 
consist in the production of cuprous oxide iu two molecular states, and of copper 
sulphide. 

Two Japauese bronzes, having tlie colour of brass, wore found by S. Kalischor 
{Dingl. pol, J, eexv. 93) to contain : 

Ou Pb Zu Po 

I. 4 38 7G-6<} 11-88 6*63 0*47 99*86 

II. 4*36 76-53 12*29 6-58 0*83 100*00 

Spoctmeus of JajKine.so bronze have also l>ocn analysed by Maumend {CktmpL rend. 
Ixxx. 1009) with the following results: 



1 

2 

3 

4 


86*38 

80-91 

88-70 

92*07 


1-94 

7*55 

2*58 

104 

Antimony 

1*61 

0*H 

010 

— 

JLead . 

5-68 

6-33 

3-54 

— 

Zinc . 

3‘36 

3*08 

3*71 

2-65 

Iron 


1*43 

1*07 

'*3'64 

ManpvncHc . 

0 00 ■ 1 

trace 

— 


8ilicii . 

0 10 

0*10 

0-09 

0*04 

Sulphur 


1 <1*31 

— 

— 

IjOSS . 

0-26 j 

1 0 79 

0 21 

0-56 


The specimens were from 5-12 mm. thick, hard or gmniilar texture, with small 
cavities in the interior, srnfKjth on the outside. The nlJoytt were probably not made 
by melting the metals together, but preparwl directly from ores. 

The following analyses of antique bronzes have boon made by Flight {Dmt, Chem. 
(res. Her. vii. 1461): 



1 

2 

3 

4 

Copper 

97*220 

93-398 

99 470 

88-77) 

Iron 

•1 322 

0*729 

0*384 

0-470 

Cobalt 

— 

— 


0-304 

Nickel 


0*153 

0-084’ 

trace 

Gold 

0-279 

0*305 





lioad ...... 

0*U7<J 

— 

— 

1*504 

Tia • . 

trace 

— 

— 

8*508 

Arsenic 

1348 

i trace 

trace .. 



Sulphur j 

— 

0 305 

— 

— 

Phosphorus j 

trace 

trace 

trace 

trace 


1 to 3 are spears from C/pms. 

4 is a fnigmont of a dagger. * * ^ 

Phosphorus-bronze , — The addition of^hosphorus during the melting together 
of copper and tin improves the physical qualities of the bronze in several rospects. 
This was noticed by Parker in 1858, and subsequently by Percy, Will, Aliel and 
others {JOingl. pci. J. ccii. 381). According to Montgflori -Levy, and Ktinzel {ibid. 
cc. 370) the phosphorus acts either by preventing the oxidation of the metals, or by 
converting the oxides into a phospboretted slag, so that the tenacity of the alloy is no 
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lon^per impaired by the interposition of oxides between its molecules. In the i 
ing of phosphonis-bronse, the copper is more oxidised than the tin, and the L_^ 

partly united with phosphorus, forming a%ompoud||||^ntaining 2 at. phosphorus t 

9 at. tin. The colour of the bronze, thus produced^ warmer than that of ordinary 
bronzo, moro lik^ that of gold containing copper ; its (^rain resembles that of steel; 
its elasticity is greater by 80 ^or cent., and its absolute tenacity by 170 per cent, 
thaif that of oiSinary bronze. Phosphorus bronze^ is very hard, very fluid when 
melted, fills up the moulds well, and yields very homogeneous castings, so that it is 
well adapted for the manufacture of gun-barrels, and of axle-beds for machinery. 

Expesrim^^nts made in the Polytechnic School {Gewerbakademie) at Berlin, on the 
tenacity of phosphorus-bronze, showed that a rod of this bronze loaded with 200 
centners per cubic inch broke only after 408,230 extensions, whereas good ordinary 
bronzo, equally loaded, bore only 420 extensions. Under the same tension, phosphorus- 
l»ronzo broke after 862,980 flexures, ordinary bronze after 102,650. The following 
results were obtaineef by It. Joiiiiy, in Vienna : 

ModnIiiR of clfislieity Tenacity of extension at Tenacity of extension at 

for loDgitudinal tension the limit of elasticity the limit of fracture 

9587 kg. per sq. mrn. 13*74 kg. per sq. mm. 40*40 kg. per sq. mm. 

With phosphorus- bronze for guns, Uchatius obtained the following results : 

Absolute tomicity Ijiniit of elasticity Extension 

Kg. jwr B(i. cm. kg. jjer sq. cm. per cent. 

PliosphoriiH-bronzo No. 4 3600 to 3340 600 to 400 20*66 to 14*66 

„ ,, No. 5 5660 10 5.510 3800 to 2800 1*6 to 2*28 

Krupp’s stool for guas .5000 1000 11 

Nornud gini-Tnelal 2200 385 15 

According to 1). Kirkaldy (ibkl.) sheathing plates for ships, made of pi 
bronze, lost, by six mouths’ immersion in sea-water, 1*3 58 per cent, of their weij^ 
whereas copper-shtiiithing under similar <urciim stances lost 3*058 per cent, * 

On the properties and uses of Phosphorus-bronze, see also Montefiori-Ijevy, i^d 
Kiinzel {DingL poL J. c<;xi. .37^) ; G. >lonti*fiori-L<tvy (American Chemist^ v. 178).^ 

3. Copper and Zi no. The formatil^n of these alloys is attended with contraction, 
which attains its maxiiunm in t ho compounds Zn*Cu- and Zn’*’Cii. These alloys are 
brittle, like SnCu* and 8nCJii*, and exliijut none of the physical properties of the unalloyed 
metals, Zn'^Cii has a sp. gr. of 8*(W8 (calc. 7*679); Zn’Cu'** has a sp. gr. of 8*171 
(calc. 7*783). 'fhe density of brass is increased by mechanical treatment, but this 
efl'oet is partly annulled by sudden, and still more by slow cooling. Pinchbeck is not 
altered in density, either by working or by cooling either slow or sudden. The same 
is the case with aluminium bronze containing 10 ttt. 5 per cent, aluminium (Riche, 
Ann. Chim. Phys. xxx.) 

4. C (jpp e r and I r o n. The addition of iron to copper diminishes its porosity and 

increases its toughness and elasticity. Copper and iron do not easily alloy together, 
the cast bars being riclior in iron at the top than at the bottom. An Jilloy containing 
4*5 per cent, iron has a sp. gr. of 8*885, and yields a homogeneous casting ; but on 
leaving it at rest for sonic t/mie in the fused state, an alloy containing 6 per oouiL iron 
collects at the top of the casting, while the lower p:ii*t. contains only 4 per 
liai*dnesH and tenacity of copper are increased by addition of iron, ' 

CblorKleti. Sensitiveness to Z/j^'^f.—Carlemann. (Z. yr, OheiH, 
observed that i» plate of copper exposed to the action of chlorine gas till it^9p$bn|^ 
yellow, blue, red, yellow, and finally again blue, or treated with a solution of cmpiwlf, 
chloride in hydrochloric acid till it assumes a light brown-rod tint, beocones so setudtivs . , 
to light that photographs may bo taken upon it, thp parts on whi6k the light fiails " 
turning black. The photographs, if kept in the dark, remain distinct for montl^ Vut 
ultimately f«do. According to Priwoznik (Dingl, J. ccxxi. 38) a apliOilSO^of 
cuprous chloride does not produce this effect unless it lias been partly cohvertfMS’ into . 
cupric chloride by the action of the air. Ho finds, also, that the best way of Tendering s 
a copper-plate sensitive to light, is to dip it into a neutral and only Bp^tl:|^ diluted 
solution of cupric chloride, and thinks it very likely thkt the sensitivsiifili U^6 to 
a thin film of cuprous chloridi, thik comwund in the moist 8tA^; being known; to., 
.become colouwd by the action of light. -Alloys of copper with silvor, manganese, 
zinc may also be rouderod sensitive to li^t by similar treatment, but in a much lowek 
degree than |>UTe copper ; in fact this difference of behaviour may be used ns a ^eady . ^ 
means of testing the purity of copper, J 

0x1 Ann* Action of Rt^cr on Cupric Oxide, — When dry cupric oxide obfeaine^!’^ 
by procipitation is heated in anhydrous ethyl oxide to 280° in a sealed ttibe» it is con- 
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into a yellow mass, firom which hydrochloric aciddissolraaont a small quantity 
ejM^ooufi hydrate* leaving metallic copper as principal eonstitnent. The ether is at 
thf same dme oxidised to aldehyd||iud acetie acid. On the other hand, when bla^ 
cupric oxide obtained by precipflBlion is heated with ether and a little water, it is 
reduced to red cupric oxide, lilipwise with formatA>n of aldehyde an^ acetic add, the 
latter, however, in smaller proportion than before. Bhick cupric oxide proparod in 
the dry way is not reduced by ether at the temperature above mentionea (Gu^oput, 
Compt rend. Ixxix. 221). Guerout had formerly observed, in conjunction with 
Beoqucrel, that artificial malachite is retiuced to cuprous oxide by ether at 280^* 

Flioapliiaea* Copper phosphide is easily prepared by lining a dmcible with 
a mixture of 14 pts. sibca, 18 pts. l>one-a^, 4 pts. powdered coal, 4 pts. sodium 
carbonate, and 4 pts. glass powder, made up into a paste with gum -water ; then adding 
granulated copper; covering this with a lajjrer of the mixture ; and closing the crucible 
with a well-fitting lid. S^a-glass or milk-glas'S may also be qddod, the former to 
facilitate the fusion, the latter to line and cover the crucible. On fusing tlie mixture 
nt a strong heat, the silica acts on tlie phosphate, taking away the base, and the phos- 
phoric acid, as fast as it is liberated, is reduced by the coal, the phosphorus set free 
thou uniting with the copper (H. Sowars;, IHngl. pol. J. ccxviii. 68). 

Mon tefiori -Levy and Kiinzel prepare copper phosphide for the manufacture of 
phosphorus-bronze, by putting sticks of phosxvhorus into crucibles containing the 
meltra copper. To avoid a too-ready combustion, the sticks of phospliorus are coated 
with a firm la3*er of copper placing them in a solution of cupric sulphato. The 
quantity of phosphorus penetrating Uie bronze is but very small ; 0*5 per cent, is 
said to bo sufilcient; still a e.ousidcrablo quantity of phosphorus is always wasted. 
This might l>e prevented by filling a clay tulw, closed at one end, with sticks of phos- 
phonw coated with copper or with powdered retl phosphorus, and dropping the lube 
*— open end into the molted copper. If the tube is j>resso<l to the bottom of the 
, the vapours of phosphorus can escape only after hav ing passed through a 
r layer of the melted copper. 

^3idot (Comp^ re«rf. Ixxxiv. 1454) describes the propjiration of a phosphide of 
by the action of phosphorus on a solution of copjH.<r HuJphate. It is a Idack 
of sp. gr. 0*35, not changed by air water. At area heat it mel^, losing 
about 10 per cent, of its weight, and forming when cold, a grcyisli-whi to, brittle, 
metallic-looking substance. If, however, the hoat bo greatly raised, phosphorus is ex- 
pelled, and the mass on cxioling is white, and hard as steel. •When it has been 
several times fused and cast in ingots nt different temperatures, it acfpLres v^ery 
marked sonorous properties, cspcrcially if a little tin be added. The phosphides of 
copper present a ready means of incorpomting known quantities of phosphorus with 
other metals. By heating the black phospliide in itrescmco of phosphorus vapour, a 
conn^ound is obtained in fin« hcxtigonal crystalM liaving a metallic lukfjro. Another 
crj'stAlliBed phosphklo of copper is formed, by htMiling in a crucible an intimate mix- 
ture of acid calcium phosphate, copper oxide, and charcoal. • 

8 u 1 p li 1 d e 0. Cupric A ulji hide, ChiS, iray bo f»rep:ircd by tlio action of a solu- 
tion of sulphur in carbon sulfihide on copper turnings, the excess of sulphur being re- 
moved by washing with carbon ijulphide ; also by iirecipitaling a copper salt with 
potfiMiWQ pontasulphidc, and washing uiit tlic excess of sulphur (Champion and 
Av*. CAini. f 21. xxiv. _ • 


Sac. Chim. [ 2], xxiv. 4^6). . • 

Cu*S. — This^f mpound is easily nbtained in small crystals, 
l iwjiljffijfjj’ nntiiri copper-glance, by igniting cupric siilphicle (]>rccipitatcd from an 
aei$p%liiOD by sulphuretted hydrogen) in cq^l-gas. If the copper siriphi<lo contains 
S sulphur, or arseoic sulphicio intermixed with it, the er^'TiUils form with greater 
The xUsson is probably this : ai/ arsenic-copper sulphide forms io the first 
ttigU, but 'fXhen the tern per atuf« increases, arsenic sulxihido volatilises, and copper- 
l^lotice'/iystals separate out. Those crystols are very small, but have a strong 
tuqUal^e lustre, and exhibit under the microscope the combination, OP . cof^oo , 

distinctness. The crystal type is ‘short prismatic* (Frenzel, 
mn, 1875, 073). 

_p|jroDi)t«i^pbide reacts ;^th edver nitrate , acconbng to the equation ; 
t Cu*S + 4AgNO* == 2CuN*0«* + Ag'-'S + Ac* 


[IJI Sdineidisr, Togf^ Ann. clii. 471). * 

- A speoimen of coppcr-glance from the province of Catamarca in the Argr'ntine 
Republic, having a ^p. gr. of 4*7, and containing imbixlded crystals of quartz and iroii 
ptyrites, was found by Schinnever {Jahrb.f. Min. 1872, 977) to contain: 

Cn s Fc Aji Zn eiO» r^trix) Bi8»i 

48*82 26*71 6*64 9*16 0'74 7*62 traces - 99*59 
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Silrw^iopper-glance [8trohmeyerite\ forming the principal ore of a mine on the 
Hojada, in ^he north of Catamarca, ie described by A. Stelzner {Mineralo^kihe 
MittheUungen^ 1873, 250). It occurs in «lile-ore, mtergrown with small quantities of 
copper pyrites and galena, sometimes in the interim of nodules consisting externally 
of silicious malachite with a little \:crussite. An ana{f sis by Siewert gave : 

Cu Ag S InsoL Sp. gr. 

« 3101 52*60 14*38 1 07 = 99*66 6 16-6 19 

Copper pyrites, — The ratio of the principal axis to the secondary axes of this 
mineral, viz. 0*98522 : 1, given by Haidinger, is confirmed by v. Kokscharow’s 
measurements of crystals from the Victoria mine, near Miisen {Jahresb, f, Chem, 
1874, 1267). « 

G. vom Hath (JPogg. Ann. Juhelhand^ 1874, 544) describes a twin-crystal of cd^per 
pyrites from Griinau on the Sieg, in which the two individuals of the combination 
P P 2 

- , — . Poo . -- Poo , OP, are grown together by the two tetrahedral faces, but in 

2 2 3 

such a manner (as shown by the different positions of OP in the two) that the tetra- 
hedral face of the one individual belongs to the positive, and that of the other to the 
negative tetrahedron. 

Extraction of the Precioua Metals from Copper Pyrites. — The pulverised residues 
are mixed with sodium chloritlo, and roasted in a reverberatory fimace. The roasted 
mass, consisting principally of ferric oxide, sodium sulphate, sodium chloride, and 
copper chloride, la next lixiviated with water rendered acid by hydrochloric acid, 
'.rho insoluble ferric oxide is used for the fettling of puddling furnaces, while the 
lixivium which contains the copper, silver, and gold, as chlorides, is precipitated by 
addition of a soluble iodide (or a solution of kelp), as it has been found that silver 
iodide is much loss soluble than silver chloride in a solution of sodium chloride, and 
that the precipitate obtained by the addition of an iodide to the lixivium contains ne^^9 
the whole of the silver, together with the gold. This precipitate is freed from copper 
by hydrochloric acid, and reduced by zinc, the iotlido of zinc obtained being used fior 
the precipitation of a now quantity of silver. The copper contained in the liquor 
from which the gold and silver have been thus separated, is precipitated by means of 
mobLlLi(^iron. * 

During 1871, 16,300 tons of residue have been thus t?rcated in the -works estab- 
lished at Widnos by Claudet aud PJiillip.s, the yield of silver being 333,242 grama 
(10,715 troy ounces), and that of* gold being 3,172 grams (102 troy ounces) 
(I*\ Gluudot, Ann. Chim. Pkys. [4], xxvii. 407). 

COPPBR^XXirC COirPXill. The activity of those couples depends partly on 
the proportion of copper deposited on the zinc foil, partly on its state of aggregation, 
which varies WVtli the strength of the solution of copper sulphute employed to attack 
the zinc. If the couple is to bo employed for the decomposition of -water, or for pre- 
paring e^iano from a mixture of alcohol and ethyl iodide, the maximum activity is 
obtained by depositing the copper from a 2 per cent, solution of the sulphate in six 
Hiiccessive depositions ; but, for dry couples, such ns those used in the preparation of 
the organo-ziiic compounds, and in similar reactions, one deposition from a 2 per cent, 
solution is found to be most effoctivo. The chemical activity of these couples has 
been experimeiitt^lly ascertained to be more than 000 times us great as that of puro 
zinc (Gladstone a. Tribe, Chem. Soc. J. 1877, 661). 

COPTZlsria* An alkaloid, contained, together with berberine, in Coptis trifoUoita 
Salishttry (the .HeUeborus trfolins of Linnseus), a ranunciilaceous plant growring in 
North America. Coptine is colourless, and forms with potassio-mercuric iodide a 
crystalline precipitate which dissolves in sxlphuric acid to a colourless liquid becom- 
ing purple-rod w*hon heated. The plant also contj^ius albumin, resin, a fatty oil, 
colouring matter, extractive matter, sugar, vegetable Hbre, and 4 to 5 per cent, ash, 
ono-tontTi o£ ;.hich consists of silica (E. Z. Gross, N. Pep. Pharm. xxiii. 53). 

OORRXi&Zir. See Rosolic Acid. 

OOROBORVS. See Jutul 

OOlUDXllRXTB. The crystalline form of cordicritc/occurring near Lake Laach in 
shaly eruptive masses, togethoi>witK sanidin, biotito, sapphire, garnet, diopside, spinel, 
aud magnetic iron oro, is described by^. vom Rath {Pogg. Ann. clii, 40; Jahrb, f, 
Min. 1874, 866). 

On Pseudomorphs of Cordierito, see A. Wichmann {Jahrb. f, Min. 1876, 194), 

OORinrBVMB- A description of the corundum region of North Carolina, 
Georgia, and Montana, aud of *the minerals accompanying it, is given by J. L. Smith 
{Sill. Am^ J, [3], vi. 180 ; Co7npt. rend. Ixxvii. 366, 439). 
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The corundum of Ncnrtii Caiolina appears io the form of Mue» groon, jBproy, 
pink, ruby-coloured, or white massc^, sometimes weighing 300- 400 kilo^^me. Some 
specimens show a cleavaf^.plane, agd some hare a hexagonal prismatic fbrm. The 
gangue is either chrysolite or wrpentine. The foJIner occurs iu a system of veins 
extending for 190 miles. Their ^course for 130 mites li^ along the north-west side 
of the Blue Mountains, at a mean distance of 10 miles from tho summit, froni 
Mitchell County to Macon County/ They then make a curve round the source of the 
Little Tennessee, and run towards the north-west for 10 miles, after which they follow 
the line of the Blue Mountnins. The serjHintino appears at intervals along. the whole 
of this line. From Mitchell to Macon it is always found inclosoil in gnoiss containing 
rose garnet, kyanite. and pyrites. After tho •bove-uamoil curve it is found in both 
gneii» and hornblende. From Buck’s Creek to tlio south-west the latter occurs in 
very large masses, in which albite replaces llie ortlinary felsp;ir. Associated with 
the serpentine are chalcedony, magnetic oxide, chn>me-iron, spinel, rutile, chromite, 
chlorite, talc, steatite, authophyllite, tourmaline, cnieryllitc, ej>idote, zoisite, albite, 
asbestos, picrolite, actinollte, and tremolite. The corundum occurs, Kom(»timcs in 
ripidolite in tho fissures of tho sorpentino, sometimes, as at Buck’s Creek, in chlorite, 
except tho red variety, whicli is found in zoisite. The chry.solito of North Carolina 
holds a position analogous to that of the etdearoous rock of Asia Minor, which forms 
the ganguo of emery in that region. Tho udjiu'ont rocks in each of the localities show 
tho formations to bo of tho same geological agc\ and contemporaneous with the forma- 
tion in Chester (Mass.) Facli ItK’aliiy has, liowover, its special characteristic. In 
Asia Minor tho ornery is associated with but a small quantity of black tourmaline. 
TJiasporo is also Rire, but when it does occur, it is found in nii>st perfect crystals. 
The emery of Naxos and Nicaria is accompanied by black tourmaline iu abundance. 
The rock containing the corundum of (Chester is composed of talc and sai>onito with 
hsui^lGndc-gnviss. It is accompanied by magnetic iron oxide and tourmaline iu 
abumancf*. 

Prof. Shepard is in possession of two crystals of corundum, each weighing IftO 
kilograms. One of these is ro<i on the surface and bluisli-grey in the inUrior. Its 
form is tlmt of a hox/igonal prism whose summit is teriniiiated by a rather uneven 
hexagonal plane. The second crystal is grejUftli-bluc, with a i>alo sapphire l‘olour 
near the angles. Its form in that of a regular hexagonal jirisni, well ileflncd at one 
end only. Some of the lateral faces are coated with pearly margarito. 

A very elaborate memoir on coruudiim, proibicts of decoinjatsiLion, and the 
minerals 'which accompany it, has been published by I*’. A. C.ieiitli (f/. Ckcm, [2], ix, 
49-113; abstr, Jahrh.f, Chem. 1873. 11//1), 

Tho accompanying rocks are oIivdnij-r<>ck and chlorite slate, which form tho 
gangue of th^ corundum. 

The accompanying minerals are the following: 


Spinel, in psoudomorpha after corundum. 
Smaragdite (?). 

Zoisite. 

Felspars, including andesite and oligo- 
clase. 

Fibrolite, pseudomorphoos after corun- 
dum. 

Stauiolite. 

Damourite, frequently in pseudomorphs 
after corundum. 

Kphesite. 

Pamgonite. ^ ' 

Jefterisite. 

Chlorite. 

Kemte. 

Maconite. 


Willcoxito. 

Patteroonito. 

Chlorib/id. 

Margarite, and an earthy mineral pro- 
€liic(^ by its transformation. 

Dadleyite. 

Disspuro, 

Baiixite. 

OibJjrsite. 

Quartz. 

Opill. 

Tourmalin. 

Cyanite. 

PyrophylJite. 

Kuphyllite. 

Laznlite. 


Reepecting the formation of those minerals, Genrii suggests tho following views : 
Simultaneously with the formation of the olivine-rock ermtaining chrorrfe-iron ore 
(afterwards partially converted into serpentine, !bc.) alumina separated in the form of 
corundum. This was subsequently transfonuMl into a large number of minerals, viz., 
spinel, fibrolite, cyanite, per &pa felspar, tourmalin, fhimouriie, clilorite, and maigarite. 
Borne of these transformation-prodacts still exist in the Arm of thick beds of mica- 
(damourite-) and chlorite-slate, whilst another portion is further transformed into 
pyrophyllite, bauxite, lazuli to, &c. 



670 


CORUNDUM. 


Amongst these minerals the following are now species. 

1. Kefrite found in the Culsiigee Biine, Macon Co., North Oaroliua, consists of 

numerous fine scales, Tory mild, of sp. gr. 3‘303, light greenish yellow to brownish 
colour, and nacjreous lustre. It mtlts to a white enamel, and dissoWes in hydrochloric 
acid. ( 

* The moan of two closely agreeing analyses by Chatard gave — 

610“ A1*0* Fe“0* FcO NiOa.Oob MgO H*0 

38-29 11*41 1*95 0-32 0*25 26-40 21*25 = 99-87 

whence may bo deduced the formula 2(3B.0.2Si0*) + (R*0*.Si0*) + 10H*O. 

2. Maconitet from Macon Co., Nocth Carolina, likewise forms scaly aggregates. 
Sp.gr. *=2*827. Somewhat harder than kerrite. Dark brown, with sem^metallic 
lustre. Molts before the blow-pipe to a brown glass. Decomposed by acids, with 
separation of scaly silica. The mean of two analyses by Chatard 

610“ A1“0“ Fo*0“ FeO NiO a.CoO MgO K“0 Nft“0 Li“0 H“0 

34-22 21*53 12-41 0 32 012 1446 6*70 O Sl trace 11*86 *= 10112 

agreeing nearly with the formula 3R0.2Si0* + 2(R*0*.Si0^) + 6H*0. About one-sixth 
of the RO consists of alkalis, R'-'O. Tho minoral contains numerous fragments of 
bluish-grey corundum, and small, shining, red-brown crystals of another mineral, 
probably spheno. 

3. Willcoxitc, — Laminar groups resembling talc; white, greenish, or greyish- 
white, with nacreous lustre. Molts with difficulty to a white enamel, colouring the 
outer ilamo yellow. Dissolvc.s in hydrochloric acid, with sopaTalioii of fiocculent 
silica. The ftillowing is the mean result of two analyses, one of a specimen from 
Shooting Crock, foniniig tho crust of a corundum nucleus ; tho other from the 
Cullakcnco Mine, Clay Co., North Carolina. 

hiO'-* Al()“ Fo“0" FcO MgO Nti“0 K*0 Li“0 n“0 

29-23 :i7-52 1-33 2*41 17-28 6'48 2 44 trace 3'GG 100*35 

'riioso numbors load to tho formula 3(2RO.SiO*) + 2(2R-0®.Si0'‘') + 21PO. About 
of tho RO consists of alkalist, R^'O. 

4. IhidlvAfitc^ from Dudley villo, Alabama, is probably a transfornnation -product of 
margarile, wliich it ac com panics. <polour, brown-yellow to bronze. Lustre, nacreous, 
llcforo tlio blowpipe it exfoliates, and melts with diificiilty to a brown-yellow mass. 
Soluble in hydrochloric acid, with separation of llui’ciilunt silica. 

Si<»“ A1“0* Fo"0“ FcO MgO Li“0 Na“0 K“0 H“0 

32-12, 28*42 4*90 1*72 10*87 0 19 1-62 0 56 13*43 

Hence the formula 2(3R0.2Si0“-f- (4U-0^.3Si0’^) + lOll'O (Geiith, J. jtr. (Jhem. [2j, 
ix. 109 ). 

Among tho iiscudoinorphs and transformation-products of corundum, above 
onuiiicratcd, the following are deserving of special notice. 

1. Pstudoinorphs of Spinel after C(yrundu7n . — Those occur in several places: 
( I .) In II iiidostaii. From this locality Gonth received a inimber of crystals partly inter- 
growii with orthoclaso and micas, aiuk therefoto probably originating from granite. 
Many of thrso crystals exhibit distinct pyramidal forms, as well as tho basal face. 
They are in various sUiges of traasibriuation, which always takes place from without 
inwanis, s»>jthat thor<^ is always a nucleus of corundum present. Those in which tho 
conversion into .spinel is cuinploto h^vo a black colour, granular texture, and semi- 
metallic to vitreous histro. The Btro^k-i>ow-dor is grey, and slightly magnetic. Hartl- 
iicss — 8. gr. 4-208. 

(2.) <"*11 the road Vietwecii Unionvillo and Kuiiuelt Square, Delaware Go., Pennsyl- 
vania, ntrA<M with talc, actinolito, chlorite, and corundum, is found a black granular 
miucral harder than quartz, which has been rccoguiscd as spinel. 

(3.) In the Culaagoo mine in North Carolina, a vein of spinel occuj» traversing 
chlorite. Tho spinel is pirtly fine- to coarse-grained* partly crystallised in the com- 
bination O . 00 O. The crystals, are often <x>vcrcd with a brown crust, and contain 
riitilo in tteir interior; they are also associated with grains of corundum and laminm 
of chlorite. • 

(4.) Another specimen ftom the siime locality resembles the chlorospinel from 
Zlatoust : greouish -black octohedrons with strongly striated dodecahedral faces, ac- 
companied by chlorite andtwhito corundum; it frequently also contains corundum in 
its interior. 

(5.) Another specimen from the same place shows distinctly that it was once a 
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corandnm crystal 1 i incli io diameter ; it now consists of a nuclons of black spinel 
surrounded by cblorite, ^ c" 

(6.) In tho chlorite of DudleyviUe, Tallapoosa Ck>.» Alabama^ there occurs a black 
spinel quite surrounded by white^learable corundm*. ^ 

The specimens from Hindostan were anal^’sed by Qen^ ,* tlio rest by Koniff : — 



ninclostan 



* 

Culsagee 

UnionvUlo 

• 

Plue- 

gmiiieil 

Ceanse- 

graincHl 

|l>ark green 
crynt. 

Alumina 

48*87 

48-10 

54*61 

60*03 

62*38 

68*08 

b’erric oxide . 

17*30 

1817 

4*J0 

9*49 

7 - 7 » 

1*75 

Chromic oxide 

— 




3*23 

1*81 

— 

Ferrous oxide 

23*53 

2.3*2r> 

10*07 

9*.33 

11*89 

11*02 

Magnesia 

' 6*86 

C*G6 

13*83 

16*74 

14*98 

: 19*29 

Cupric oxide 

— 

— 

— 

— 

— 

0*11 

Nickel oxide 

— 

— 


— 

— 

0*24 

Hilica .... 

— 

— 

1*26 

1*14 

1 56 

: — 

Corundum . 

4*31 

4*31 

16*24 

— 

— 

i — 


100*87 

100*49 

100*71 

99*96 

100*41 

' 100*49 


Those analyses (diHregniditij^ mec'hankvil admixUiros) show that the pHOudomorplis 
After corundum from IljiKlostaii, and the dark ^eon minorul from Culsagoo are mix* 
the spinel varioties^ pleonast ; FoO).(AlH)* ; Fe*0*), and horcynito, 

KoOTaIW, while tho other epfcimcns from Cnlsagoo likewise contain tho chromiferoua 
v'liricty cjillcd picotito. Tho spinel from Uiiionviilo is prolmbly a mixturo of plooiiast 
ind horcjTiite (Gnith, J. pr» Chem. ix. Cl). 

2. I'ournudin an a tratatformafion-protiuctof Corundum . — Tournnilin is well known 

(o bo ono of the minerals ordinaWly 4iocompaiiyin^r corundum. At UmonviJlo, in 
Pfunsylvania, it frequently ooriirs with corundum, fttrming irn^gular masses varying 
in size from small grains to lumj«s several inches \u difiTuoler, especially in himinnr 
margarite, or with zoisito and enphyllito. It oneri exhibits prismatic faces, but 
mustly f irms a granular filling bt‘tM«‘iMi coruMdiiin. Jii tho Cnlsjtgee minis Alal»atmi» 
is fouinl a liliick tourmalin containing crj abils of conindiini irregularly distri but ini 
through its mass. Tho tourrtuilin is fraversod by lamina' of chlorite. Particles of 
tourmalin are often end ostvl by crystals of corundum, or tho contr.iry. »lngenoral, 
iho tourmalin apj^i'ars as matrix of the corundum. .Sometimes Ihero occurs an almost 
imperceptible passage of c<iruiidum into loiirmalin. Tlie upper end of ono crygtal of 
:ourm!ilin consists of corundum, wdiicli also penetrates into llio tmirmaliii. Very ro- 
iiarkablc is a pseudomorfili of tourmalin aRer coru'.iduni. It consists of a fragment 
jf a rcddisli-grej* corundum crystal, somewhat more than two inches in length and 
jreadth, and exhibiting faces of t lie. prism and pyramid. At tin* upper end of the 
TystaJ, nearly all tho corundum is copveiiftl into l*lack tourmalin, lejiving only a 
iholl of corundum from ^ to ^ inch thick ; at the lower cnrl the corundum is still an 
nch thick, but mixi-d with torrmalln. biurmalin is traversed by lamina of 

:hlorito (Genth, iAid. 76). 

3. FUrrolitc and Cyanite aji trannfoTmatum~pfpduH» of Corundum.- -Kl tho Jantio 

frills, not far from Norw ich, in Connecticut, small crystals of sapphire are found 
ompletoly enveloped by fibrolit-e, doubtless iii (^Fiscipience of a partial convorMion of 
xumndum into fibrolito. At Mincgral IfilJ, Jlclawaro, Pennsylvania, there occur in a 
elspathic rock, variously coloureil crystals of corundum, exhibiting six-sidqd^j^tars on 
heir terminal faces, and a 6brous structure wdien magnified. At the T>art, where fh« 
ransformation of tho corundum begins, it is covered with a thin greyish- white deposit 
laving a glassy lustre, and a hbrous structure radiating frftm the corundum. M^any 
lystals have still a nucleus of conindum, others are completely transformed, and 
hero remain crystals having a confused fibrous strq^tur^ psiudomorphs of flbralitc 
fler corundum. Their sp. gr. is 3*266, and their composixioo — •' ♦ 

by 

SlO“ A1*0» Fc’C>" MnO Mtft) CaO ignition 

37*37 60*62 000 010 026 0*38 0-48 

Within the serpentine region of Delaware and Pcniwylvania, various fibrolito* 
lates are found, probably originating from corundum, especially one at Me<lia, Pa., 
rhich exhibits a silky lustre on its fibres, encloses crystals of eyaoile and stauroliU* 
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and resembles the paragonite slates o£ Switzerland. Finally there occurs, amongst 
numerotui corundum crystals, partly coqyorted into damourite, from the Laurens dis- 
trict in South Carolina, a broken crystal converted on the outside into fibrolito, and 
having the form of a hexagonal pjnsm | inch long and i inch thick with a nucleus of 
unaltered coruhdum, From^the surface towards thS nucleus the flbrolite exhibits a 
r^ial structure. 

* Cyauito is one of the ordinary accompanimentz, and one of the most important 
transformation-products, of corundum. But whereas fibrolite, which is chemically 
identical ^ith cyanite, affords true pseudomorphs after corundum, such pseudomorphs 
of cyanite are not known, probably because its broadly laminar structure has oblite- 
rated every trace of tbo original form* 'The greater thcwfore is the importance of 
specimens in which a nucleus of corundum is still perccptilble. At Lichfield and 
Washington, in Connecticut, for example, rolled lumps of cyanite have been found 
enclosing corundum and diaspore. A fragment of a hexagonal prism of corundum 
from Swannon Gap, BuncombJ Co., North Carolina, exhibits a corroded surface, and 
is in intimate contact with light blue cyanite and damouri||P which have been formed 
from it. A specimen from Wilkes, in North Carolina, shows bluish-gre^ cyanite 
crystals and laminar parts ; corundum in small grains and fragments is distributed 
through the mass. At Crowders and dubbs mountains, in Gaston Co., North 
Carolina, corundum is found in crystalline and massive lumps, partly deep-blue, partly 
greyish-bluo or red. The undecomposed corundum is sometimes ferruginous, and 
contiiins rutile crystals of various size disseminated through its mass. Sometimes 
the corundum is also converted into compact margarito, which envelops the 
blue crystals ; usually, however, into cyanite and damourite ; and this transformation 
often proceofis so far that not a trace of corundum remains, nothing indeed but a 
scoriacoous mass, in the cavities of which occur crystals of cyanite and rutile, often 
coated with ferric hydrate (Gonth, ibid. 77). 

On the probable mode of formation of Corundum, boo W. N. Hartley {Chem^ Soc. 
J. 1870, ii. ‘248). 

COltWrOCilllWS. The Karaka tree {Corynocarpus Itvigaia) contains a 
poisonous bitter principle called Karakiu 

COSJL&XVII. A sulphide of lead and bismuth, originally found at Cosala in the 
province of Sinaloa in Mexico, where it occurs imbedded in quartz. It was first 
analysed by Gonth in 1868 {J. pT.*<^hem. Ixx. 460), afterwards by Frcnzol {Jahrhuck 
f. Mineralogies 1874, 673). The minor.il c:illod * Ilezl>anyitc/ from Rezbanya in 
Hungary, described in 1858 by R. Hermann {J. pr. Chm. Ixxv. 450) as a sulphide 
of copper, lead, and bismuth with lead sulphate, appears indeed from Frenzel’s 
analyses to bo identical with cosiilile, the lead sulphate being doubtless a product of 
oxidation. 

The following analyses I and II are by Oeiith ; III and IV by Frenzel; V by 
llornmnn : - 





I 

II 

ni 

IV 

T 

Lead . 



33-99 

37^2 

3804 

h 

38-13 

31*93 

h 

32*56 

36*01 

Bismuth 



37’48 

39*06 


36*35 

44*48 

46-01 

38-88 

Copper 



— 


0*85 

0-86 

349 

— 

4-22 

Silver . 



2 81 

•2*48 

1-24 

1*50 

0*22 

— 

1-93 

Iron 






3*09 

2*82 

1-18 

— 

— 

Oolmlt . 



4-22 

ir44 

— 

— 

— 

— 

— 

Zinc 




— 

1*53 

1*54 

0-18 

— 

— 

Sulphur 



16-64 

16*59 

15-88 

16-35 

16*68 

— 

11-93 

Arsenic*^- 



6*37 

3*or 

3 02 

3-02 

2*82 

— 

oxygen 7*14 

- 



09-51 

100-33 

99-11 

100-57 

100*98 


99*61 


If the copper in Ilirt bo.reganlod as replacing load, the small (quantities of silver, 
iron, cobalt, and zinc reckoned with the bismuth, and the arsenic with the sulphur, the 
unulysGS I, and IV may be represented by the formula Pb*Bi*S* or 2Pb3.Bi*S*, 

W'hieh requires 41*82 per cent^ lead, 42*02 bismuth, and 16*66 sulphur. 

Cosalite has a metallic lustre, lead-|?rpy colour, and somewhat darker streak. 
Hardness 24-3 ; sp. gr. 22-6*33. Mild, Compact, with fine-grained to fibrous 
structure. On one specimen was found a single small imbedded crystal, prismatically 
elongated, and exhibiting rush-liko striation. The mineral is doubtless rhombic, and 
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czystalliseB in the form of bismuth-glance, for it exhibits a tolerably perfect bracliy- 
diagonal cleavage. 

The cosalite of Bezbanya is accompanied By calcspar, zinc blende, iron pyrites, and 
copper pyrites, and is easily distinguished by its ontvard appearance from bismuth- 
glance, telluric silver, and tellui%? bismuth, with wliicU it was formrt-ly confounded 
(Frenzel, e/d^6. y*. Min, 1874, 673). • 

COSBnc niTST. According to A. E. Nordenskiold (Jl pr, CAem, [2J, ix. 3^) 
small black particles are often found among snow which has fistllen in situations where 
it ie impossible that these particles could have eomo Arom any terrestrial source. 
They contain organic matter, metallic iron, nickel, colmlt, and phosphorus. Nordons- 
kibld supposes that th^ stm asipciated with un^eors, and that probably a similar extra- 
terrestrial origin may bo ossi j^ied to the substance called cr^aconite, which ho formerly 
found on the Greenland glaciers. This substance is a silicate having the formula 
2(RO.SiO*+ Al*0*3Si0--hH"0 ; it also contains motaUic particles (iron, nickel, and 
cobalt), and al)Out 2 per cent, of organic matter. \ 

COXO-SAJULa Till# bark, used in Si>uth America ns a substitute for quinine, 
occurs in commerce in short pieces from 10 to 20 mm. long, some flat, others 
slightly curved, an<l having n very jxiwcrfiil aroma, riH*alling those of cloves, pepper, 
and cassia ; the taste is awjmatic. The bark is very brittle, and, owing to the quantity 
of resin it contains, difficult, to re<hice to fragments. 

According to Wittstein {Arch, Pharm, [.‘i], vii. 213) it contains: — 

A pale yellow ethereal oil, lighter than water, witli a strong aromatic smell, and 
sharp aromatic peppery taste. 

An alkaloid, volatile and smelling of hi^rrings ; resembling trimothylamine or 
propylamine. 

A soft renin, yellowish brf)wn, of aromatic smell, and sharp taste ; easily solublo 
chlorofonn, and alcohol, sparingly soluble in benzene, and scarady at all in 
carboii disulphide. Its solution ha.s an acid reaction. Jt dissolves in ammonia and 
alkalis, and is rtjpnyripitatcd by acids. About one-seventh of the weight of the bark 
consists of this rc.*«in. 

A hard resin, dark-brown, and brittle, without taste or smell ; its alcoholic solution 
has a bitter taste and an acid rcac Jon ; it i.s iniloluble in ether, Ixmzorie, chlolY>forni, 
and carbon disulphide, is easily soluble in alkalis, and precipibited by iicids. About 
onc-tenth of the weight of the l^ark consists of thiij} resin. 

The other ordinary plant-oonstituent.s are alsc present, such as starch, giim, sugar, 
oxalic acid, tannic acid, formic, butyric and acetic acids. 

Accorrliug to Jobst (-V. Pepert. Pharm. xxv. 23) coto-bark also contains a crystal- 
line principle, cotoin, amounting to about 1*5 per cent, of the bark. This 

substance may be obtained by exhausting the bark wuth ether, evaporaUng the liquid 
to one-tenth of its volume, and mixing the residue with one-sixth of its bulk of 
petroleum-cthor. On a<ldition of the latter, and removal of the othylic ether by 
evaporation, resinous substances are di-positod, and crystals are obtiiinod flfom the 
Bupernabint liquid. 

The coto'in thus obtained forms yellow’ish- white crystals which, under the micro- 
scope, appear as four-sidcfl prisnusi ; its molting point is 124®; alkalis dissolve it 
with a yellow colour, and it is rcprecipitat<jd on the tiddition of acids. Concentrated 
nitric acid dissolves it in the cold witli a '>lot>d-re<l colour. Fehlihg's solution is 
reduced by it slowly in the cold, but wit]^ great rapidity on the application of heat. 
With lead salts, it forms a precipitate having the comp<jHitioti C**ll“0*.2PbH*0*. 

Further experiment.s by Jobst {Dent. Chem, Oes. Tier, ix. 1 633), and by Jobst a. 
IJesBO {ibid, x. 249), have shown that the Active principIo.s of coto-bark are not 
always the same, sf)rao samples yielding, iio{. cetoin, but other IxKlics having similar 
but weaker medicinal properties. , Jobst a. JJesse, by exhausting the bark with ether, 
obtained a brown resinous mass (Crystallising after some t ime, and cqoi^sting for the 
most part of three bodies, paracotoin, oxyleucotin, and leucotin, which"wdTll*tfeparated 
by fractional crystallisation from hot aIctf>hol. 

ParacoUnn, forms small yellow laminse, easily soluble in chloroform, 

ether, and boiling alcohol, ep^rtngly in petroleum and boiling water. The aqueous 
solution deposits it in nearly colourless laminse. It is neutral and tasteless ; insoluble 
in ammonia, and nearly so in potash- and 80 <Ia-ley ;* solwble in stiving sulphuric and 
nitric acids, forming yellow solutions. It mel^s at 182* to a yellow liquid, which 
crystallises on cooling. At a higher temperature, it sublimes in brilliant yellow 
laminae. Baryta-water converts it into paracotdtc acid, according to the equation — 

C*»H**0* + H*0 == C>*H>«Cy. 

Paracotoi'c acid forms an amorphous yellow powder. It is easily soluble in ether 
and alcohol, and is left as an amorphous residua on evaporating the latter solntiom 
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The same acid is produced on heating paracotoin with weak potash-ley, accompanied, 
however, by a small quantity of other products, amongst which is ^arcycoumaumydriny 
which forms delicate white laminaB, melting at 86®, and dissolving easily 
in alcohol and ether, sparingly iiL water. 

Oxyleucotiif, forms thick, heavy, white^lfour-sided prisms, which melt at 

133^. The fused substance Solidifies in an amorphous mass on cooling. It dissolves 
ofcily in hot alcohol, chlojoform, and ether, but not- in wator or alkalis. It is tasteless 
and neutral. 

Leucotirif forms very delicate light white prisms, which melt at 97®, 

and dissolve very easily in alcohol and ether. It occurs in large quantity in coto- 
bark. e 

The alcoholic mother-liquor of the foregoing substances leaves, on evaporation, a 
brown resin, which gives up to very weak potash-ley the following body 

Hydrocoidin, crystallises from alcohol in brilliant pale-yellow prisms, and 

from boiling water in delicate white needles. It is neutral and tasteless, melts at 
98°, and solidifies to a crystalline mass. It dissolves in alkalis, and is precipitated 
from the solutions by acids, even by carbonic acid. 

COircK-OSiLSS ROOT. The root of this plant (7W7icwm repmd) contains 
from 2 '45 to 3‘33 per cent, fruit-sugar, but no other kind of sugar; acid malates, but 
no lactates; and a gummy substance called triticin, isomeric with cane-sugar. 
This substance is preparo<l by precipitating the alcoholic extract of the 
root with basic acetate of lead, removing the lead from the filtrate, evaporating, ex- 
hausting the residue with alcohol, then dissolving it in water, repeating this treatment 
till the solution no longer gives a precipitate with basic load acetate, and finally 
purifying the gum by dialysis. The root contains from 0 to 8 per cent, of triticin, 
but the quantity actually (obtained does not exceed 1*6 to 2 per cent., and even this is 
not quite free from nitrogen. * 

Triticin is tasteless and scentless, soluble in wator, insoluble in alcohol and etlier, 
levogypHte, with a rotation of 50° to 50*2°. The aqueous solution yields, slowly on 
boiling, easily under iucroasod pressure, or on addition of an acid, a quantity of 
levuloso corresponding exactly with the equation ~ 20*H‘'‘*O®. 

Yeast 'docs notact on triticin, butdiaffuise quickly sets it fermenting. With stilpkuric 
add triticin forms a coiyugatod acid; with alkali-metaU, compounds soluble in 
water ; with other motals, insoluhl^, gelatinous, and mostly coloured com^unds. By 
nitric acid it is converted into oxalic acid ; hy manganese dioxide and smphtiric acid^ 
or by lead dioxide, into formic acid (H.Miiller, XreX. Fharm. [3], ii. 600 ; iii. 1). 

OOVMARXO ACZO, = (Tiomann a. Uorsifeld, 

De^U, Chem, Qes, Ber, x. 63, 283). Aceiyl-paracoumaric acid, 

= C'‘H^(0C*H*0)— CH~CH— CDOH, 

is prepared by heating a mixture of fused .swliura acetate, acetic anhydride, and the 
sodium salt of paraoxybenzaldehydo : 

C«H'(ONa)- COH + (C-‘H»0)^0 C«H\QC«H»0).C'^H-.CO»H -h NaHO. 

The protluct sol'.difies on cooling to a ra'Jio-crystiiilline muss, from which water removes 
the sodium acetate and the excess of acetic aiihyilride, leaving yellow-brown acotyl- 
paracoumaric acid, which may bo purified hf sublimation or by rccrystallisation from 
water. 

Acetyl-paracoumaric acid crystalliuos in felted groups of white slender needles, 
soluble in alcohol, ether, glacial acetic a^id, and boiling water, nearly insoluble in 
cold wator, benzene, and chloroform. It melts at iil>out 195°, and sublimes without 
decomposition at a lower temperature. 

The heated with potash-ley is resolved into acetic and paracoumaricacid 
(m. p. 226°), idontiwil with that which lUasiwotz obtained from aloes {JAehi^e Anttalen, 
cxxxvi. 131) in every respect except the melting point, which Blaaiwotz found to bo 
180°. Tiomann a. Herzfold have, however, prepared the pure acid from aloes, and 
found that it has the same melting point as the arthlcially prepared paracoumaric 
acid, viz. 226°. 

Aoetyl<h'thoc(mmaric add is obtained similarly to the para-compound, by gently 
heating a mixture of salicyl-aldohyde ^3 pts.), acetic anhydride (6 pts.), and sodium 
acetate (4 pts.) for some hours. The whole then solidifies on cooling to a crystalline 
mtiss wnich, when treatetl Tvith water, yields an oil smelling of acetic acid and 
ooumarin ; and an et UeroaU solution of this oil. shaken with a solution of sodium 
eivrbonate, yields tlicreto a crystalli sable acid, whilst coumarin remains dissolved in 
the other. The acid, which is acety l-orthocoumaric acid, dissolves 
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easily in hot water, alcohol, and ether, and ci 7 Btalli 8 e 8 from water in white needlea 
melUng at 146®. Heated with dilute |)otaah‘l6y it is resolved into acetic acid and 
orthoeoumaric acid, C®H*(OH) — — CO’^H, which erystallUea in white 
needles melting with decomposition at 207®--208®. 

Orthoeoumaric acid is coDveihcd b}' treatment v^th sodium-amalgam into hydro- 
orthocoumaricacid, C*lI«(Oir) — OH® — CU* — CO*H, w*hich crystallises in large 
pointed'needlcs melting at 82®--83'-^. ’ * 

Acetyl'orteocoumoric acid, gently heated above its molting point, evolves pungent 
fumes of acetic acid, and ultimately loaves a thick oily body, on otliereal solut ion of 
which deposits on evaporation crj'stals ofeoumarin: 

^CH=:CH— CO.OH --- -- ^ClfcCH 




C01 


O— C-H*0 




= + 0«I1 


xir^cH 
<o- to 


\o-,io 
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served {Lubig's Annalcn^ lix. 177) that eoumarin dissolves in hot p<ita8li-ley, forming 
a yellow solution from which acids j^roeipitate the eoumarin unchanged. Acconliiig 
to Perkin {Chtm. Soc, Jour. xxii. 192), this yellow liquid is not simply a solution of 
eoumarin in potash, but is a chemtcuii compound of eoumarin with the alkali ; and by 
employing an excess of tlio former, and adding a stdution of silver nitrate to the pro- 
duct, a yellow preeipiteto formed, having the eoinposition C*li*0®.Ag-O, and 
analogous to a silver derivative obtaiuoil by llleibtrtm from niiro-coumarin, vise. 
C*H*N0''0®.Ag-0. Perkin also mentions that the homoluguos of eoumarin dissolve in 
potash, and in these instances, on boiling the solution until it is very coucontratod, 
the alkaline derivative separsUes out as an oily liquid, w hich, ou cooling, forms a 
t^m^ous mass. 

number of other metallic derivatives of eoumarin have been prepared and 
analysed by K. Williamson {Chem,. Soc. Jimr. xxviii. 860). 

Sodium compounds. The Tnonosodio comj^nd^ C*Il'‘0“.2NaH0, is propnroil 
by boiling a solution of 2 mols. pure sodium hydn>xide for a few minutes with 1 mol. of 
coumariu. The resulting solution has a pale yfdlow colour, aiu], when dilute, yxliibits 
a very marked green fluorcscenco. It is decomposed immcMliately by acids, and 
slowly by carlxmic anhydride, the eoumarin separating as a llocculeiit precipitate : it 
must not therefore bo much cxp<isod to the air. 

The disodic coinpouiul^ C*JJ''t)*.Na®0, is obtained by evaporating t he solution of 
the prootKling salt, hrst in the exsiexator and afterwards at 100®, It then gives off 
water, an<l solidifies to a rudiocrystalliiio mass, whicli Ijocomos anhydrous at 160®, but 
at the same time underg^)e8 partial dec/:jmp:)sitioii. This salt is identiciLl in compo- 
sition with disodic coumarate, C'IPNa-O*, but it does not yield coumaHc acid when 
treated .with an acid. 

The potassium compound, f?*H*0®.2KH0, is prepared like the so<liifm com- 
pound, which it resembles; it has not l>een obtained in the crystalline state, and like 
the monosodic compound it is extremely deliquescent. 

The silver compound, C*ii*0® Ag®0, is obtained as a canary-yellow precipitate 
on adding silver nitrate to a iKduti<ih of caustic twxla saturatocl with eoumarin. To 
obtain it pure, the precipitation mus-* be m^o in the cold, and only a few drops of 
silver nitrate at first addofl, to remove any traces of fn^o caustic soda in the product. 
I’ho slight precipitate is then to bo filten^ oflF, and the prcnripitiition completed in the 
filtrate. The resulting precipitate is to be wolf washo<l on a filter with cold water, 
and sultoequcntly with alcohol and ether, whidh remoyosany free eoumarin. It must 
bo dried carefully, as it blackens alx)ve 100^, ^nd sometimes below. When strongly 
heated it gives off eoumarin, which is also Itlierated by treating it with nitric acid, it 
is very definite and uniform in oolnposition, and appears to be permanent if kept in 
the dark, but gradually blackens on exposure to light. 

Barium compounds. A boiling solution of Ijarium hydrate dissolves cou- 
marin, forming a yellow liquid drying up on evaporation to a sticky mass, which 
Ktififens on farther heating and forms a brittle deliquescent substance. This product 
ooutinues to give up water till* hoateil to 200'^, at which tomporaturo it has the com- 
position C*H*0®.BaH®0*. This barium salt is similar^ in properties te tlie iJkaiine 
derivatives of eoumarin, and like them is easily decomposed by ucidsfiarul is ex- 
cessively soluble in water. It has not Ixjen obtained in the ci^stellino state. 

By heating barium hydrate and eoumarin in a sofiled tube to 200® for a few hours, 
a ditfWrcnt barium compound is formed. The liquid in the tube Ixscomes darkcr- 
t'oloured and decomposes, a bright yellow granular pvucipitate gra^lnally si»ttling 
down. The mother-liquor, when warmed and acidulated, gives a rcMidish-brown, 
pasty precipitate, but no coumaric acid crystallises out on cooling. This red 
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precipitate is insoluble in water, but is freely dissolved by hot potash and by 
alcohol. ^ 

The bright yellow precipitate was found to be largely mixed with barium carbonate, 
and it was almost insoluble in yater. On treatment with adds it yielded a red 
amorphous powler, soluble in hot alcohol. ff 

Load compound. Leadjnitrato or acetate, added to a solution of the sodium salt, 
tliTOWS down a light yellow compound accompanied, by free coumarin. To obtain the 
yellow compound as pure as possible, it is best to precipitate in throe fractions, and 
select the second one, which is to bo washed with water, dried, pounded, and digested 
several times with ether till all the free coumarin is removed. The product thus 
obtained gives by analysis numbers araeoing nearly with the formula C*H*0-.2PbO. 
Its formation may be represented by the following equation ; 

2(C«H'‘0*2NaH0) + 2Pb(NO»)« = + C«H*0*.2Pb0 + 2H=0. 

The lead salt is insoluble in'water, alcohol, and ether, but dissolves in an excess of 
load nitrate, and falls again on stirring as a yellow granular precipitate. 

Many other metallic derivates may bo formed by precipitation from a solution of 
the sodium salt. Cupric sulphate gives a yellowish-green precipitate which is some- 
what soluble in excess, very unstable, and decomposed on boiling into cupric hydrate 
and coumarin. 

Zin^ sulphate forms a white gelatinous precipitate, insoluble in water. A solution 
of alum also forms a white gelatinous precipitato insoluble in water, but easily soluble 
in excess of the precipitant. With ferrio chloride a chocolate-brown precipitate is 
j)roduced, and witli/errows sulphate a precipitate of a brilliant grass-green colour. 

StannoiLa chloride produces a bulky white precipitate. 

On heating the dry sodium salt to 160° for a few hours in a sealed tube with ethyl 
iodide^ a yellow liquid is formed which, w-hen ovajx)ratod and heated to expel 
of ethyl iodide, leaves sodium iodide, together with a stiff brown oil which becomes 
fluid on warming, is remarkably stable, and is not apparently attacked even by boiling 
potash. 

Acetic anhydride heated to 100° with sodium-coumariu also forms a compound, 
which, uvlion separated from sodium acstate by mixing with other and filtering, may be 
obtained in a gummy state by heating the flltrato, to expel the ether and excess of 
acetic anhydride. 

Fropionlc Coumarliit (Perkin, Chem, Soc, Jour, xxviii. 10), This 

compound, intormodiato between acetic (ordinary) coumarin and butyric coumarin, is 
formed by heating sodiuin-salicylal with excess of propionic aunydride, just as 
ordinary coumarin is formed front sodium-sal icy lal and acetic anhydride (l«^ Suppl, 
600). "J'ho attion must bo continued at the boili/ig heat for an hour or more, the 
excess of propionic anhydride and the propionic acid formed in the reaction being 
aftorwiirds distilled off. The crude propionic coumarin remaining in the fetort is 
fbeod from sodium propionate by pouring it into boiling water, in which it sinks os a 
heavy oil, but solidities to a brownith crystalline mass on cooling. It is collected and 
distilled to render it colourless, then well pi’ossed between bibulous paper, and twice 
recrystallisod from alcohol. 

Propionic coumarin thus obtained crystallitjes in beautiful transparent slightly 
oblique prisms, smells like ordinary cou'.aarin, melts at 90°, and solidifies to a crys- 
tJdlinomaHs on cooling ; it distils without decomposition. Boiling water dissolves it to 
a small extent, the solution becoming milky as it cools, and afterwards depositing 
fine hair-like 'crystals. It is moderate^ soluble in cold, and easily soluble in boiling 
alcohol. 

Propionic coumarin is nearly iusolublb in cold aqueous potash, and when gently 
heated, molts and floats as an oil on the surface of .^he alkaline solution. If boiled, 
however, it dissolves, forming a clear pale yellow liquid, which becomes opaque when 
couceutraCud, On standing, an oily liquid rises to the surface, and solidifies on cooling 
to a tenacious mass. It is easily aolubfo in water, and is decomposed, with separation 
of the propionic coumarin, upon the addition of an acid. YThen fused with potash 
this coumarin ^delds a crystalline acid, probably a propjonic coumaric acid, but when 
it is more 8tn>ngly heated witli potash, salicylic acid is produced. 

/8-5r(37/i0^j>rep/ojimCoM//iarin, — BrO^ — sodium- salicylal 

used in the preparation of propionic coumarin bo replaced by sodium -bromosalicylal, 
a brominatod product is obtained homologous with /9-bromocoumarin ; that is to say, 
a bromopropiouic coumarin paving the bromine in the C* group : 

+ (C*H*0)H) - C»H‘O.ONa + + HK). 
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ynien propionic conmarin is mixed with bromine in exeesSt it disaolyes, and on 
driving off the excess of bromine and hydrob|pniic acid, bjr heating the mixture over 
the 'water<bath and then over the lamp, a crynalline piquet is obtained whicli gene- 
rally weighs nearly half as much again as the counu^n employed, showing that about 
1 atom of hydrogen has l>een replaced. On recrystallisiug the product^ from alcohol, 
long thin needles are obtained, which are also /5-biomopr6pionic coumarin. 

j3-bromopropionic coumarin mel.ts at 146^, and solidities to a ciystaUine mass 
cooling. It can be distilled with but little decomposition. It cfissolves easily in 
boiling alcohol, but is less soluble than propionic coumarin. It dissolves gradually 
in boiling potash-ley, and may bo precipitated unchanged by acids. When "fused with 
potash, it g^ves an orange-red coloured product^ together with potassium bromide. 

^’Dibrompprophnic Conmarin, — Wlien propionic 

coumarin is heated for a few hours in a sealed tube to abodt with twice its 

weight of bromine dissolved in carlion disulphide, targe quantities of hydrobromic acid 
are^ formed, and on evaporating the carl>ou disulpliide, and twice crystallising tho 
residue from benzene, a crystalline product is obtained, the analysis of which agrees 
approximately with that of dibromupropionic coumarin, exhibiting, however, an excess 
of carbon, due probably to admixture of monobromopropionic coumarin. 

This compound appears to have all its bromine in tho 0*-group, as it does not 
seem to be touched by caustic alkali till it is fused theroM'ith, whereupon the mixtuio 
changes to an orange colour in tho same manner as in the monobromo-dorivativo. 

Dibromide of Propionic Coumarin . — Propionic coumarin, exposed to tho action of 
br(:»mine-Tapour in the cold, changes to a viscid liquid, and greatly increases in weight. 
The product appears to bo the dibromide corresponding witli dibromide of coumarin, 
but it has not yot been obtained sufficiontlv pure for analysis. Caustic alkalis 
propionic coumarin from it. Dibromide of coumarin, under similar circum- 

st4inces, yields a-bromocoumarin, C*1I* I which, if further treated with al- 
kalis. gives coumarilic acid. 

Sulphopropionio Coumarilic Acid, =* C‘"IPO*.SO*If. — Propionic cou- 

marin dissolves in fuming sulphuric acid without any change of colour, lifhd on 
gently hfuiting the mixture in tho water-bath, a 8ulpho-aci(l is obhiinod, which 
is easily converted into the barium salt by treatment with barium carbonate, 
and filtering from the barium sulphate. On concent rating tho filtrate and leaving it 
at rest, small but brilliant crystals are obtained, which have tho composition 
(C**H’'0*.SO*)^a + 10H*O, give off part of their water of crystallisation when dried 
in a vacuum, and Uie rest at 150°. 

From these results it appears that, though propionic coumarin is .analof^ous to 
ordinary coumarin in most of its properties, it novortholess differs in some mrticulars, 
especially in its tendency to form 0-derivatives containing the whole of the b^mtno 
in the C*-gPoup, whereas with ordinary coumarin tho tendency is in tho opposite 
direction, tlie bromine entering most readily into tko acetyl-group (see Chem. 8oc. J, 
xxiv. 53). 

The following tests for crenttno are given byK. Engel 
{Compt. rend. Ixxviii. 1707-1708) : '5 -or 6 drg|>8 of a 20 per cent, solution of silver 
nitrate are added to 2 c.c. of a cold saturated solution of creatine; and a solution of 
potash is then added, drop by drop, lAttil the white precipitate which is first 
produced is redissolved. After a time tho liquid solidifies to a transparent gelatinous 
mass, so that the vessel containing it may be ins'erted. I'his mass becomes reduced 
immediately when lieated, and in the course a few hours at the ordiirary temper- 
ature. 

On adding potash to a solutioff of creatine containing mercuric chloride, a white 
crystalline precipitate is produced after a time, which is insoluble in of tho 

precipitant. Agivin, if a solution of mercuric cliAondo be gradually added to a solu- 
tion of creatine containing potash, a white compound is first produced, and as soon as 
all the creatine is removed, a precipitation of tho yellow mercuric oxide takes 
place. « 

The mercury-compound of cnatine, (C*H*N*0*)*rig.ngO, may be obtained pure by 
combining creatine with mercuric oxide at a temperature between 0° epd 5" ; at 
higher temperatures the mercuric oxide is reduM ; but after the compound has been 
washed ana partly dried in a vacuum, tho drying may be completed m a current of 
air at 80° or 90° without risk of decomposition. The componnd is white and dissolves 
in dilute acetic or hydrochloric acid (Engel, ibid. Ixxx. 888). 

Constitution of Creatine , — As creatine Is Ihrmed 1^ the union of eyanatnide and 
Zrd Sup, P P 
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Aarcosine (methyl glycocine) just as glycoc^mine, C*H^N»0®, which differs firom it by 
CH®, is formed by combination of cyansmide and glycodne (ii. 906 ; Ut SuppL 501), 
it follows that creatine has the constitution of methyl-glycocyamine. The formation 
and constitution of the two bodies may be represented as follows : 

Cyanamidc. Glyoocine. « Qlycooyamiue. 

.^*^2 CH*— CO*U 

Cyanamlde. Sarcoeine. Creatine. 

In like manner creatinine, C*H^N^, is the methyl-derivative of glycocy ami dine, or 
glycolyl-guanidine, C*II*N®0 : 


HN= 


rC<^ 


,NH— CO 


Glycocyamidlue. 


IH* 


CO 

UN=C< I 

NN(CH»)— CH* 

Creatinine. 


Aromaiio Compounds analogous to Creatine, 

SensglycoosTamlne* — This base, related to benzoic acid in the same 

manner as glycocyamine to acetic acid, was first obtained by Griess in 1868 {Deut. 
Chem, Qes, Her, i. 191) by boiling the cyamide of amidobenzoic acid with caustic 
potfish : 

C^H’NO®.2CN + H®0 » C*H®N®0® + CO; 

afterwards by the direct union of cyanamido with amidobenzoic acid (ihid. vii. 574) : 

-r C11®N® + C"IPN®0®. 

More recently it has been prepared by the action of ammonia on the basic compound 
produced by tno action of cyanogen on an alcoholic solution of amidobcu- 
zoic acid (Is^ SuppU 318).* The reaction is : 

V + UiH® « C*H»N®0® + C®H“0. 


The basic compound is dissolved in cold strong aqueous ammonia, and the solution is 
loft to itself for a considorahle l;»mo. Crystals of benzglycocyamino then begin to 
separate after about twelve liours,*'but the transformation is not complete till after 
the lapse of several weeks. The compound may be purified by recrystallisation from 
boiling water (Grioss, Beut. Chem, Ges, Ber. viii. 322). 

From tho results of experiments not yet publisheti, Griess infers that tlio constitu- 
tion of tho bivsic compound is roprosmted by tho formula 


C'H^-CIl— NU 


<1 


0=NH 

ic*H» 


or 


CGI*— NH~0® 


CNH 

I 

OC®H* 


whence, if tho action of tho ammonia consists in tho replacement of ethoxyl by 
amidugen, tho formation of benzgiycocyamfno may be represenU^d by Uie equation, 


CGP 


CGI*— NH~o= 


6NH + NH* = HOC'H* + (L'NII 

i Alcolipl. j 

C»H* ' NH» 

Basic compound. Bcnzgiycocyamine. 

These compounds may also bo represented by formulse analogous to that above 
given for glycocyamine, viz. : 


ii.> C®H*— CO®H "" C«H®— C0®H 

Basic compound. Bcn/^rlycocyaminp. 

* Thb base was originally represeutod by the formula C**H**N^*, which differ? from the donhlc 
of the new formula C‘*H‘*N*0* only by 8H«0. Its converrton Into nraniidobcnootc acid, C*H*N*0’, 
by the noilon of alkalla was formerly represented by the equation : 

C-E^^*N*0* » 4- SC*H»0 + H-O. 

According to the new formula it U represented by the eqoatiou : 

Cwh'"N*0* + H*0 = C-H-X-0* + C*U«0, 
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IMi 7 l-beiia(l 9 W« 07 UdBM or ■aa«cro*Hne». C*H'>II»0*-C*H*(CH»)N»0* 

(Oriesa, Devi, Chetn, Gee. Ber. viu. 324). Jiro isomeric bodies harinff this compoai* 
tion are obtained : (a) By the action of met^l iodide on benKglycocjraimne, the change 
consisting in the substitution of methyl for hydrof^n in the group NH; 

OH^CH— NH.O« ^ N(cSl*).0* 

<!:=NH + CH'I ^ HI i=NH 

lin* jiH> 

^ CU-I ^ Ift + nK=c<JJg;«*)-c*H*-co‘H 

0. By the action of methylamino on the compound C**H**N-0% tlie cJiange con- 
sisting in the substitution of methylamidogon. N(CIl^H). for etlioxyl : 

OU*=:CH— NH.O* C*H • ~CII— NH.O* 

C=NH + HN(OmH) - HOC*H* + (!l=NH 

ic'H* 


a-Benxrcreatine in slightly soluble in water, from which it separates in small 
flat needles, contiiiniug H^O, which can be driven off at 116*^. It is very slightly 
soluble in alcohol or other, and has a bitter taste. With potash, it lieliavos like 
tShBaglycocyamine, excepting that it dissolves only in the somewhat concentrated 
by. 

The hytlrochlorUU^ C3*II'*N*0*.HC1 + IPO, forms wliite rhombic leaflets easily 
soluble in hot water, and the platinum salt, (C*H**N*0*.llCI)'‘'l*tCM 2H*0, forms 

orange-red prisms, w’hich are tolerably soluble in hot water. 

B^Bens creatine is moderately soluble in hot water, and sepamtos "in thin 
plates, which are triangular, elliptical (elongated), or hexagonal, its remaining pro- 
perties being similar to those of the a-compound. The hydrochloride, OII^N'OMiCl, 
forms white prisms, which are easily soluble in water, but less soluble in hydrochloric 
Jicid. T\\a platinum salt, (C*H**N*0*.HCl)*PtCP + 2IPO, forms yellow, easily soluble 
leaflets. 

a-Benzereatine, boiled with baryta-water, splits np into motliylamidobonsciic acid 
and urea, wltereas /3-benzcreatino jields aniidobensoic acid and methyl-Urea: 

C’H».NCH».0» 

dlNH + IPO - CON»IP + C'H*(NCHMI)0* 

I 

NH» 

a-BvnzrrMtlue. (Irm. Ue^ylwIlldoiMninnc 


C»H‘.N(CU»).0' 

I 

CNU + H’O 


sofil. 

(Benmarcoslnsp) 


CON»JI*(CU’*) + C’H»(NII*)0" 


NIP • 

/3-BenzcreatIne. , Methyl -ttreri. Aml/iJobensoio 

' acb). 

The ureas formed in these reivctions are of course not actually separitted out, but \ 
are resolved, by assumption of water, the first into 1 mol. CO* and 2 mol. NH”, the 
second into CO*, NH*, and NH*(CIP). 

Methylamidobenxoic add f^benzsarcosine) crystallises in nodular groups of reddish 
leaflets moderately soluble in hot water. Its hy^ochloride, C*H*(NCH*.H)0*.HC1, 
forms shining six-sided leaflets, and its aqueous *soliAioD, treated with potaasium 
aitritc, yields white needles of nitrosomethylawidobenzoic acid, C*H*(N.CH*.N0)0*. 

cngBOSOTS and CmsOSOA* The properties of English and German wood 
creosote have been examined by J. WillUuns (C%m, Ce$Ur. 1873, 167). English 
creosote, prepared from Stockholm tar, begmi to boil atslOO'* ; the thermometer rose 
quickly to 213^, when 6 per cent, distilled, then to 216^, when 84 per cent, passed over ; 

34 per cent, distilled up to 222^, and 16 per cent, up to 231*^, whilst the remainder had 

p r 2 
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a much higher boiling point, German creoBote from beech-wood began to boil at 
200®, 40 per cent, passing over below 208®, 32 per cent, up to 210®, and 16 percent, up 
to 220® ; it was soluble in glycerin, whiftt the English creosote was not. 

According to Hofmann {Bevt. Chem, ‘Gea. Ber. viii. 66), the high-boiling portion of 
beech-wood creosote contains a ifquid boiling at 27J®. Treated with potassium di- 
chromate it yields coaniligpiODo and a compound crystallising in long yellow needles. 
The latter body is the oxidation -product of an oiljr liquid boiling at 285®, which may 
be obtained pure by fractional distillation and repeated recrystallisation of its sodium- 
salt. It has the composition and the yellow body is a quinone consisting 

of Keducing agents convert it into the phenol crystallising in white 

needles. Bromine changes the quinone into C*H*Br'^OS forming brilliant red crystals 
melting at 175®. * 

Khenish beech-tar creosote was shown by Marasso to be separable by fractional 
distillation, into three portions, boiling respectively at 184®, between ^00® and 203®, 
and between 2)7® and 220® (If^ SuppL 604). The portion boiling at 184® solidifies 
on cooling, and consists mainly of phenol, the fraction boiling at 200®-203®, is a 
mixture of guaiacol or hoihopyrocatechin, C^H"0“, and a cresol, the methylic 
other of which is converted by oxidation into anisic acid : therefore para ere sol. 

The third portion, boiling at about 220®, consists of phlorol, C®H*®0, and 
crooBol, together with small quantities of the substances found in the 

lower fractions. This portion has been further examined by Tiemann a. Mendelsohn 
{Deut. Chem. Ges. Ber. viii. 1136). 

The portion of the creosote boiling between 200® and 230® was dissolved in ether, 
and the ethereal solution shaken for some time with moderately strong potash-ley. 
The ethereal layer containing the neutral oils (anisolic compounds) was sopfirated 
by n tap-funnel from the alkaline solution ; the latter again shaken with ether to 
remove traces of suspended impurities, then acidulated with sulphuric acid ; an dt h*^ 
precipitated oil was dissolved up by ether. The ether was then distilled off, and thffmly 
'■■reMduo subjected to fractional distillation, whereby it was resolved into two principal 
portions, one V>oiling between 196® and 212®, the other between 217® and 226®. The 
.former Contained guaiticol and cresol ; the latter croosol and phlorol. 

Th^ phlorol appears to consist of ^ara-ethylphen ol, in- 

asmuch as a compounil having the same composition and boiling nt the same temper- 
ature (220®) is produced from phloretic acid, ’which, as shown by 

Kcitner a. Corbetta (AfontV. s<7*en<. ^ 875, 650), is convertible, by methylisation and 
subsequent oxidation, into anisic acid. This conclusion has not, how'over, been 
directly confirmed by experiments on the phlorol of creosote. 

To determine the constitution of the creosol, the mixture of that substance and 
phlorol (b.p. 2*17''^-226°) was dissolved in alcohol ; *tho solution heated on the water- 
bath with a slight excess of potash till it begun to crystallise ; and the mass when 
cool was strongly pressed between bibulous paper. The potassium-creosol thus 
obtained was dissolved in methyl alcohol, and boiled in a reflux apparatus for two or 
three hours with excess of methyl iodido ; the unattacked methyl iodide and the 
greater part of the methyl alcohol were then driven off; the residue mixed with 
water which separated a lieavy oil ; and this oil, a\cer being several times shaken up 
with dilute potiv^h to remove tfnaltered i)honol.s,iwH8 subjected to fractional distilla- 
tion, the greater part going over between** 2 14° and 218°. 

The compound thus isolated is noarlja pure mothyl-croosol, or 

*diraethyl-honjopyrocatechm, C*II*(CH*J^<^qj| 3 . Wlien heated with a dilute solution 

of potassium permanganate, it is convortocl into dimethylprotocatechuic acid 
(p. 290): consequently the creosol of w5od-tar consists of methylate d homopyro- 

catechi n or homoguaiacol, 

The portion of wood- tar creosote which is in.soluble in potash, consists mainly of 
methyl-croosol. 

The phenolic compounds of wood-t.ar creosote (soluble in potash) when mixed in 
alcoholic solution witu./#rr*<; chloride^ exhibit character* jtie and mosUy green colours, 
whereas the anisolic compounds (insoluble in potash unless highly concentrated), such 
as methyl -guaiaa^l and methyl-creosol, do not exhibit this cedoration. This reaction 
serves therefore to show when the phefiols have been completely converted into the 
corresponding ethers. 

Distinction between Creosote and Phenol . — Oo adding an alcoholic solu- 
tion of ferric chloride to an alcoholic solution of creosote, a dark greenish-blue colour 
is produced, whereas phenol similarly treated assumes only a light brown colour. By 
this reaction 1 part of creosote may easily be detected in 600 parts of phenol. A 
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small quantity of phenol in creosote cannot he detected in this manner, but its presence 
may be reco^ised by boiling a few drops df the creosote with excess of nitric amd as 
long as red rames are given off, and mixing the resulting solution with potasn*ley, 
The formation of a yellow crrstalline precipitate indicates the pc^aence of phenol, 
which by this treatment is con^rted into picric acid wf^ereas creosote produces nothing 
but oxalic acid (J. A, Clark, PAnm. /. Trans, [3], iii. 1037). 

The presence of phenol in dVeosote may also be dotectM by heating the lianid 
with one-fourth of its volume of ammonia, pouring it into a large basin in sucn a 
manner as to wet the sides as much as possible, then pouring it out andiholding over 
the basin a vessel containing bromine, so that the vapour of the bromine, as it falls, 
may come in contact with the drops of liquid running down the sides of the basin. 
The presence of phenol will then be exhibited by blue tones forming round the points 
of contact (Fluckiger, Arch. Pkarm. [3], iii. 30). ^ 

The following comprison of the relictions of creosote and phenol is given by A. 
Watzel (Arch, Pharm. [3], x. 130) : 


Ferric chloride (1 in 10) 
I Ferric acetate (1 in 10) 


llrown coloration, 
with a violet tinge. 
Finally a brown 
precipiUte. 

with a tinge 
of violo*,and lastly 
a l^rowii precipi- 
tate'. 

Lciid nitrate (1 in lo)| No ehjinge. 


] Ferric snlphate(l in 20) 


Beech'Wood tar 
CreoMUo 


Blue coloration, 
turning first brown 
und then oniiigey* 


Zinc chloride (1 in 10) White precipitate, 
■ sijluble in excess. 

Load acetate (1 in 10)! While precij)ifal4;, 
I soluble in excess. 


Theool 


Permanent Violet 
coloration. 


Light brown colour. 


Permanent violet 
coloration. 


Cloudy, and lastly 
slight precipitate. 

priMijpitato, 
iiisdlnblu in excess. 
Slight precipitate, 
insoluble in oxcuhs. 


Manon'i Kiigllsh 
Weo^-tMT Oreewte 


Blue coloration, 
turning olive-green 
and timn dirty yel- 
low. 

Light brown colour. 


Grass-green colour, 
and las tly,a yellow 
procipitate, ^ 

Like carl>olic &cid. 

Like carbolic Hcid. 


Wliito precipitate, 
partly soluble in 

OXC(>S8. 

Wlicn these lx)dies were dissolved in ten times their weight of alcohol, their 
reactions were— „ 

Aqiityius ferric chloride I Blue coloration, I A^icdet tioloration, I Oro<m coloration, 


(1 in 10). 


turning green. 


turning grtH^n. I turning a fine blue. 


With the concentnitfxi subsUfiecs, the reactions were— 


Alcoholic ferric chloride Dirty violet. 


; Yellow-green, turn- ! Qrncu, turning 


j ing brown. 


brown. 


Pure guaiacol and croosol behave in the manner as bcochwood-tar creosote. 

CBBBOXi, The following tabular statement of the pro- 

perties of the three isomeric crtJuols and some of their derivatives is (pven by Oppen- 
heim a. Pfaff (Z)c«L Chan Gcs. Bar, viii. ?88). See uUo Ut iiu2)pl. \ 2nd Stfpp!. 
393, 931 
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Ortho (1 : 2) 

^ Meta (1 : 8) 

Para (1 : 4) 

M. 31®-31-6t(*) 
B. 186%186°(») 

M. - 

B. 194°-200'> {•) 

M. 36° 

B. 198° («) 

Cresotic acid 

« 

M. 168'’-164" (>) 
B. — 

M. 168®-J174° (•) 
B. - (•) 

M. U7°-160® (•) 

B. — 

Methyl crosolate , 

M. — 

B. 174* («) 

M. — 

B. — 

M. — 

B. 174° C) 

Ethyl cresolato . 

M. — 

B. — * 

M. — 

B. 188®-191® (=•) 

M. — 

B. 186°-188°(*) 

Methyloxybenzoic 
acid . , 

M. 08-6° (“) 

B. — 

M. 96° (?) (•) 

M. lS3-6°-185° 1 

B. - (>•) 

Ethyloxybenzoic 

acid 

M. 19-6® (>') 

B. — 

M. 137° (‘*) 

B. — 

M. 195° (■•) 

B. — ! 

Oxybonzoic acid . 

M. 155°-160° ('*) 
B. — 

"M, 200° (") 

B. — 

M. 21 

B. — 


Metacrosoliti formed : a. Together with carpone, C®H'^ by the dry distillation 
of podocarpic acid or its calcium salt : m ^ 

C8II14IO® « 2C^H«0 + 2C®H»< + 2C0*. 


By heating the dehydrated calcium salt in short-combuHtion tubos^ a tarry liquid is 
obtained^ which, when distilled with small quantities of water as long as oily drops 
pass over, yields first a mobile liquid ^carpene) lighter than water, then a thicker 
liquid (motacrosol), heavier than water, and soluble in alkalis, while the greater part 
of the tar remains in tlio residue. Xho carpeno and cresol are finally separated by 
means of potash-solution. The crosbl thus obtained boils at 202®; its bonzoyU 
dorivativo melts at 08'^. 

B. By distillation of the barium or calcium salt of the oxyuvitic acid, 
obtained by the action of chloroform on sodacctic ether (p. 17) ; 

C»H*0» « Oai^'O + 2CO=». 

The crcfivl thus obtained boils at 201®; the crosotic acid obtained from it molts at 
177®; the mothylic other boils at 175®-176®; the ethylic other at 101®-192®; tlm 
corresponding mothyl-oxyhonzoic acid melts at 106®-*! 07® ; the cthyloxybonzoic acitl 
at 137® ; the oxy benzoic acid at 201®. These propertie.s agree very nearly with those 
of the meta-crosol derivatives in the preceding table- 

According to Ihlo (J. pr. Chvm. [2], xiv. 442) mctacrosol oacurs in the crude coal- 
tar croosol known in commerce as * high-kDiling phenol,’ or * cresylic acid,' wliich also 
contains phenol and naphthalene. He purifio^ this emdo liquid by dissolving it in 
dilute soda-ley, passing steam into the solution to remove the naphthalene, and tlieii 
agitating it w'ith baryta-water, which dissolves the phenol more readily than the 
cresols. IJy treating the mixture of crosols Uius separated with sodium and carbon 
dioxide, ho obtains two crosotic acids inciting respectively at 173® and 116®-120® 
(p-684), from w'hich ho infers that the croesol in question was a mixture of meta- and 
ortho-cresols.^ If so, it must bo different from all the co'al-tar cresols hitherto examined, 
which are mixtures ot ortho- and j^ara-crosol {2nd Sttppl, 393, 921). 

In pre^ring the cresols from the corros^nding toluidiues (Is^ Sttppl. 606), Ihle 
obtain^ ^m solid para-toluidine, 60 per cent, cresol, whereas liquid ortho- tolui dine 
yielded only 22 per cent, cresol. ^ 

iritro- and Amido*-€rMola« Paracrcsol yields by nitration orthonit ro- 
paracreso^, C*.OH.NO*.H.Cll‘.H*, — ^identical with that which Wagner obtained 

(>) M. siguifloa melting point; B. boiling ixilnL (*) Kokuld iBrr. vli. 1006). C) Engclhonlta. 
I^ifctaoblnofr {Bull. Soc. [31. xill. *06. (*) Fuchs (iNrf. 808). (*> Bioaenuann n. inkc (JJrr. vi. 

838). (•) Kbrnor (/fiiW. A<:ad. roy. de firtgimf (21, xjdr, 104). <’) Canntsxoro a. Kiinicr (Gmz. 

cAim. 4(ol. li. 68). (*) Qruolx; (LiMo*s AnHolfm, cxxxix, 134). C) Qmebe a. ScUnlxcr exUl. 
880); KOrnor (BmiL Acad. Bclg. [3], xxiv. 188); Opi»cnhelni a. PfiUI (Ber. vill. 890). (’*) KiHut 
1). C*} K. A. UciuU <6cr. il, 491). (”) Ladenburg (Lictfff'g AHMaten,oxU. 
841). ('*) Barth (ibid, clix. 330). 
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from o^oniti^^aFatolnidine (2md Supply 933) — and conTeitibla by fbrthar treatment 
with nitric acid into dinitroparacreeol^ ^y bromine or iodine into monobrom- 
or moniodo* nitroparacresol. Potauainm bromoparacreeolenlpbonate is onn- 
verted by nitric acid into bromonitroparacreecJl (Armstrong a> Thorpe, Sfp, J7r. 
Assoc. 1875, 112). a 

A red powder, called * saffron surrogate,’ which is ^isod for dyeing Imtto and 
cheese, consists of the potassium ^salts of two dinitrocreeols. One of tliem is tlie 
known compound melting at 84^ (2ftd Supj^. 032), and found in commerce as 'gold- 
yellow.* Tne second compound is also a ainitrocreso], which crysfallises from alcohol 
in large yellow needles melting at 86®, and differs from the preceding by forming 
yellow and not red salta, resembling in that respect the dinitrocn'sol called * Victoria 
yellow* (Isrf Suppl. 608), w'hieh, however, melts at 110® (Piccard, Ber, viii. 165 ; see 
also Wichelliaus, ihid. vii. 721). 

By treating oaryutntic acid with fuming nitric acid, either alone or mixed with 
sulphnric acid, a trini trocresol is obtained which may l»e tmriOod by immersing 
the product in water, dissolving the separated mass in |)otash-ie,v, precipitating with 
hydrochloric aci^ and recrystallising from alcohol. It crystallises in fan-shaped groups 
of smooth yellowish needles, melting nt 106®. Its potassium salt has an orange-red 
colour and is much moro soluble than the picratc. Nearly the same properties are 
exhibited by the trini trocresol which Liobermann a. van Dorp obtained by heating 
nitrocoocusic acid with water or with fuming hydrochloric acid (2»rf Suppt. 367). 

Vinitramidocreso!^ OH(CIl*)(OHXNn*)(NO*^*, is formed by the action of 
hydrogen sulphide on an alcoholic solution #f the trinitroi^rcHol from oxyuvitio acid, 
and crystallises from hot water in thin, highly lustrous, amber-yellow needles dis- 
solves in alkalis but not in acids ; melts at 156®, and decomposes at a slightly higher' 
temperature. By passing nitrous acid into its alcoholic solution, dinitrodiaeamido- 
dini(Mre8ol, 

C-H.OH*.OII.(KO'7N:i^N— NH.C»ll.CU».OU.(NO“)*, 

is obtained, crystallising in goldon-ycllow laminm W'htch decompose at about 160® 
with violent explosion (Emiiiorling a. Op|M»uheim, Ber. ix. 1094). 

CMMO&8irx.FSO»ZC A4;i2»8« C’IPSO*«. (>II»(CJH»)(OH)(SO»JI). xln the 
formation of these comimunds from the diozololucnosnlphonic acids, and the properties 
and reactions of the acids thus obtaino<!, see 2nd Suppt. 932-934). Armstrong a. 
Field {Chem. xxvii. 318), by heating crude coal-tar crosol (b. p. 190®~205®) on 

the wator-bath for several htairs with an equal weight of sulphuric acid, treating the 
product unth potash, and recrystallising. have obtained the potassium salts of Uiree 
cresolsulphonic acids, the least soluble of which, crystallising with 2H^O, is probably 
identical with that of Kngclhardt a IjatschinofT s puracrasolsulphonic add (Isf Supph 
506). Of the two others, which are both very soluble in water, one contains I mol. 
water of crysUillisntion, while the other is anhydrous. By heating these popissium 
salts in sealed tubes with hydrochloric acid, the presence of two of the throe 
known crosols was c.stablishecl, tliat of the third Ldng doubtful. 

The three ftotassiiim salts treated w'ith nitric acid are easily converted into the 
stilts of the corresponding mono siritrocresolsulphonic acids, from which, by 
treatment with ffromiur^ the d i bromoni trocresol s «iay Ihj obtaincfl. By heating 
the nitro-salt prcfiared from pntjissium pair.*.* reM>Isulphon ate witli nitric acid, a red 
d ini trocresol is obtained, which molts^l82®. From the potassium cresoUuIphonato 
containing 1 mol. H^O. may bo obtaiucKl in like manner an isumetic dinitrocrosol, 
melting at 85*5®, and forming diarac ter i Stic po^ssium and silver salts of dark orfiibgo- 
yeliow colour. The tiiird nitrosulphonatedid not yield a dinitrocrosol, but by treating 
it wdth potassium nitrate and sulphuric aA.-td,*a well-cry stylised potassium dinitro- 
cresolsulphonatt was obtained, convertible into bromodi nitro cresol. 

OSaaOTlO AOXSB, C*H<0 >..C*H*(CH')<^qqjj. Otylaluio’acid* (Ihle, 
J, pr* Chem, [2], xiv. 442). — Sodium-cresol, heated in a stream of carbon dioxide, 
reacts like sodinm-phenol, yielding croaotie acid, while half of the cresol distils over 
unaltered. ' 

148 ®. 

chloride into the alcoholic solution of this acid, is a colonrless fri^ant J 
may be distilled with aqueous vapour, but decomposes when distilled alone. The 
methylie ether, C*H*(CH*XOHXCO’CH*) obuined by boiling 1 pt of the acid with 
1 pt. sulphurie acid and 2 pU. methyl alcohol, distils utAeoomposed with vapour of 
water, and has an odour nndistinguishable from that of winter-green oil. 

Pure ort hocresol (prepared from orthotoluidine) yields, when its reiy hygroscopio 
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Hodium-compound is treated with carbon dioxide, )3-cresotic acid molting at 159®-1G0®. 
The methylio ether of this acid is very like that of the a-acid. 

By the action of sodium and carbon dioxide on purified coal-tar cresol (p. 582), 
Ihle obtained a mixture of salte, *i|fhich, by fractional precipitation with hydrochloric 
acid, yielded firifc y-cresotic acid, melting at 173*4^, aftid afterwards an acid melting 
between 115*^ and 120®, whith he regarded as identical with the acid (m. p. 114°) 
obtained by Engelhardt a. lAtschinoff from ortho-oresol (2nd Suppl, 394). Kekul^, 
however, has shown {Deut, Chem. Ges. Ber. vii. 1006) that the cresotic acid prepared 
from orthocresol melts at a much higher temperature, viz. at 163®-164® (see Table 
p. 682); the lower boiling acid must therefore be one of the other ten possible 
modifications. ^ , 

All those cresotic acids, in their external appearance, reaction with ferric chloride, 
solubility in chloroform, &c., are deceptively like salicylic aqid ; but they differ greatily 
from the latter in the behaviour of their potassium salts when heated ; for whereas 
salicylic acid thus treated yields paraoxybenzoic acid (p. 286), not one of the cresotic 
acids is converted under similar circumstances into any acid different from itself, — 
except cresotic acid (m. p. 169®), which, when heated, yields two new acids not yet 
examined. In like manner when cresol is treated with carbon dioxide and potassium, 
or when potassium-cresolate is heated in a stream of carbon dioxide, the only product 
obtained is cresotic acid (Ihle). 

Crude cresotic acid (mixture of the a, /3, and y acids) acts antiseptically like 
salicylic acid (Kolbe, J. y>r. Chem, [2], xi. 9). 

CRB88 OZli8« Garden-cress (LepMum sativum) distilled with steam yields a 
volatile kromatic oil which does not sepamto spontaneously from the watery distillate, 
but may be extracted therefrom by agitation with benzene. Three-fourths of the 
crude product boiled at 226*6°, exhibited the composition of pure o-toluonitril, phenyl- 
acetomtril, or phenyl-methyl cyanide, C*H*.CH*,CN, and when heated to 200® ^r h 
short time with hydrochloric acid, yielded phenyl-acetic acid. The same composition 
is exhibited by tlio volatile oil of Tropteolum majus (A. W. Hofmann, Deut. Chem* 
Gcs. Her. vii. 1293). 

Water-cress {Nasturtium officinale) yields by similar treatment an oil which may 
bo separated from the watery distillate by agitation with the most volatile portion of 
the so-called petroleum-ether, this solvent being afterwards evaporated off in a 
paraffin-bath at 140®. By fractional distillation of the remaining liquid, an oil was 
obtained, boiling at 263*6° (261® corl’.), and having a sp. gr, of 1*0014 at 18®. This 
oil was found by analysis to have the composition of phenyl-propionitril, 
C*H*.CH*.CH*.CN ; and on fusing it with potash, decomposing the resulting potassium 
salt with hydrochloric acid, and extmeting with ether, ph onyl-propionic acid 
WHS obtained long needles molting at 47® (Htifniann, iM. 620), 

01iB8T£-BVXi»BiniX0 A.CX1>, C’H'O* = (K. Baumann, Deut. 

Chem* ^es. Ber, ha. 1389, 1716). This acid, motameric with crosol-sulphonic acid 
(p, 683), occurs, together with phenyl-sulphuric acid, (C®H^O.SO*H) in the urine of 
the horse. Its potassium salt may be prepared synthetically (like the ethyl -sulphate) 
by heating a concentrated solution of pota.ssium ci«solate wiUi potassium pyrosulphate 
and crystallising the product krom alcohol : ^ 

C*‘n^(CU»).OK + SO«K*.SO* - SO^K* -f C«H<(CH*).O.SO»K. 

Potassium cresyUulphate is sparingly soluble in cold alcohol, more soluble in hot 
alcohol and iA water, but less so than |bo phenyl-sulphate. It is coloured blue by 
ferric chloride when heated therewith in a sealed tube to 160®-160®. 

OlUBBYli TSZOOABBAMZBB, NH^CS.NH(C^H^). Syn. with Paratoltl- 
tuiocaruamidk (p. 397). 

OBOOZXIOBZTB. On pseudomorphs of quartz after crocidolite, see Quartz. 

OBOITBTBIITZYS. Von Kobell, from tin analysis of this mineral by Stein- 
mann, in which he himself determined the proportions ^of FeO and Fe^O*, deduced a 
formula, which, expressed in modern notation, is 

• 3(2FeO.SiO-) + 2(Fo=0* 3^*0) or 3Fe*Si6* -f 2(Fe=)’*H‘0« 

The same formula has been deduced by Maskelyoe a. Flight {Chem. Soc, J. 1871, 0) 
from the analysis of a Cornish specimen.* It does not, however, agree very closely 
with either of the analyeb>8 just monUoned, as the following comparison wiU 
show ; 

* Bee Suppl, 394, where, however, ilw foruuiU is mlsprintod. 
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Maskelyne and Flight remark that the discre^yaneies between the quantities of 
the iron oxides in their analyses and the theoretical numbers may perhaps be duo to 
an admixture of some iron hydrate, gothite for example, whose percontoge of water 
corresponds with that of coustrodtitc. 

An analysis by Janovsky (^VcuL Chem. Ges. Ber. viii. 939) of Pribram cronstedtita 
in woll-de6ned crystals gave ; — 

8iO» Fe*0- FoO MnO 2AgO ^^0 

21‘30 32*34 29*23 1*25 4*51 11*90 » 100*63*^ 

whence he deduces the formula : 

0 

3RO.SiO»+R=0».SiO*+4H20opR"»SiO + (110^*810=^ + 4 Il^O. - 

C»OTJIkCOnc AOXS, - C*nXCOOH)», (Claus a. Ton WnsowicK, 

Chenx, Qc», Bet. x. 822). This acid, isomeric %vith citmconic, itaconic, and 
mcsaconic acids, is formed, together with tricarlmllylic acid, by the action of potas* 
siuTO cyanide on ethylic chUirocrotonate, which may bo so conducted as to load 
merely to the replacement of tho chlorine-atom by cyanogen. On huporsaturating t he 
potassium salt of the resulting cyanocrotoiiic acid with hydrochloric acid, agitating 
witli ether, and leaving tho ethc-to ovaporatoi* there remains an acid, gradiiaUy crys- 
tallising mass, wliich, when purifled by rodissolution in ether, is found to consist of 
ammonium crotaconate. The formation of this salt from cyanocrotonic acid is 
represented by tho equation : 

\cu.on ^ \uo.oH 

* 

From this salt tho pure acid may be ohitiinod by supersaturation with sulphuric acid 
an<l agitation with etiicr. It is very soluble in water, and has hitherlxi l>eeii phtainisl 
only in indistinct crystals which molt at 119". Ifuatod al>ovc ]30 \ it decomposes 
wdth evolution of carbon dioxide, and pnahiction of crotonic acid. By this reac'tion, 
and by the peculiar properties of the bromopyrotartaric acid produced by addition of 
hydrogen bromide to crotaconic acH, the latter is shown to l>c a peculiar muditicatiuii 
of the molecule, C*H*OS distinct from tho throe pyrooitric acids. 

eXOTOMT OK&t VOUkTX&B B43XXIA OB. The su]>poflition of Geuthur a. 
Frbhlich (2«(f Supply 395), that tho tiglic acid which they found in croton oil ih 
identical with Frankland a. Ihippa’s methyl crqp)nic acid (Is/ Suppl. 828), has boon con- 
firmed by the observations of Borondes {Dcut. Chem, Gcs. Bcr. x, 835). Both these 
acids form plates having a peculiar smell liko^hat of gum benzoin, melting at 64^ and 
l>oiling at 196®-197°. Tho calciuni salts form small, foliated, warty masses, contain- 
ing 3 mols. of water ; the liarium salts are similar, but contain 4 mols o/ water. The 
silver salts are white crystalline precipitates, and the two ethylic ethers boil at 154^- 
156®. By ^ion with potash the acids are resolved into acetic acid and propionic 
acid. Bromine converts them intx; a dibromo valeric (dibromomothvlctbylacetic) acid 
melting at 82®-83® ; and hyd.iodic acid forms monio<!ovaleric acid melting at 86*5®. 
They are not changed by the action of sodium -aipalgam and water, but on heating 
them with bydriodic acid and’ phosphorus to 160", rndhylethylacetic aetd is foitned 
1x>iling at 173°-175®, and ^ridding an amorohbus barium salt. 

The higher-lx>iling portion of the volatile acids of CKton oil contains small quan- 
tities of higher homologues, one of which, C*H**0*, lx>tliog at 204®, whs isolated. Of 
volatile fatty acids the following were found : formic, ofetic, isobut^c, and common 
valerianic (isopropylacetic). The calcium salt of the latter forms with calcium tiglato 
a inolecalar compound crystallising in long needles. 
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The existence of tho first and thirdt is well 

established ; but that of the second 


(Q-euther*B quartenylic acid)^ formed by reduction of the more volatile of the two 
monochlorocrotonic acids produced by the action of phosphorus pentachloride on ethyl- 
diacetic acid {2nd 8uppl, 390) h^,B been doubted, on the ground that when heated 
'«*ilh potash, it should yield formic and propionic acids, whereas, according to 
Geuther, it yields nothing but acetic acid, and therefore should be identical with solid 
crotonic acid. This discrepancy has, however, been removed by the observations of 
Hemilian {lAehicfs Annalen^ clxxiv. 322), from which it appears that isocrotonic acid 
is converted by heat into solid crotonic acid. This transformation takes place jpar- 
tially indeed every time that the liquid acid is distilled, and completely when it is 
heated for a quarter of an hour in a sealed tube to 170®-180®. 

The siwultanoous formation of the two monochlorocrotonic acids by the action of 
PCI* on otbylic aceto-acotato (cthyl-diacdfcic acid) is represented by Hemilian as 
follows : 

CH"— OO— CH»— COOC^H^^ + 2PCl» = CH^— CCP— CH*— COCl + C^H^Ol + 2POCP 


Ethyllo Acotoocctatc. 
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The dotted lines indicate the two molecules of HCl eliminated. 

A confirmation of the symmetrical formula CH* — OH— CH — CO®H for solid 
crotonic acid is afforded by its synthetical formation from ethylic o-monobromobutyrate : 

011».CH*CHBr.CO’»C»H*+2KOH = CH®.CH:z:zCH.CO*K + C*H*OH+IPO + KBr. 

On dropping this other into a warm alcoholic solution of potash, a crotonic acid is 
obtained, yielding, between 175^ and 180®, a distillate which, after repeated fractiona- 
iion, boils at 180® — 182°, and solidifies in the cold. The crjptals purified by pres- 
suro, two crystallisations from w'liter, and dryingovor sulphuric acid, melt at 71^-72®, 
and the load salt ciystallisos by spontaneous ovapoftvtion in stellate groups of shining 
noodles, as observ/ni by Claus Suppl. 610). In addition to the crotonic acid there 
is formed in this reaction a small quantity of an oily non'Solidifying acid, which 
boils at 212°-220®, and appears to consist of a-ethyloxybutyric acid, 
CH".CH«.CH(OC*H*).CO«lI (Hell a. I^aubor, Dmt. Chem, Ges, Ber. yii. 660). 

The correctness of the symmetrical f^rmnla for solid crotonic acid is further con- 
firmed by the fact that it is capibLe of being converted into butyric derivatives both 
of tho a and the & series, viz. : 

CH»— CIP— CHR— COHI CH'*— CHR— CH»— CO»H ; 

• a * jB 

whereas an acid of tho constitution, CH*— Cli— CIl* — CO*H, could yield only i8-deri- 
vatives, and 7-derivativos of the form CH*R — CH^ — CH* — CO*H, but no a-deriva- 
tiv6s. < 

When crotonic acid is heated on a water-bath with fuming hydriodic acid, it melts 
to a yellow liquid, which on cooling deposits laige rhombic crystals of iodobu ty ric 
acid. These, when boiled with potash,. -ire converted into oxybutyric acid ; and 
on converting this acid into a zinc salt, and s^dually adding alcohol to the s dution, 
the zinc salt of a-oxybutyric acid, (C*H'0*)“An 4- 2H*0, crystallises out first, and the 
last mothe(r-liquors yield the g-oxybutyrato, (C*H^O*)*Zn, as an amorphous varnish. 
In like manner, by treating crotonic acid with hydrobromic acid, a mixture of a- and 
/B-bromobutjric acids is obtained, which, by boiling with ammonium sulphite, are 
converted into the corresponding sulphobuty ric acids (Hemilian, loc. cif.) 
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Aocordii^ to Alberti CMtm, Gm, Ber. ix. 1194), both mtouio »im 1 isocro* 

tonic acid dissolve vezyquiekly in faming hydgobiomie or hydnodio acid, and the sola- 
tion, after standing for some hours at ordinary temperatures, or at 0^, doposita 
substituted butyric acids. Crotonic acid yields UR|th bydriodtc aciA as found by 
Hemilian, two isomeric iodobutyilc acids, one of which forms fine crystals melting at 
110^; and with hydrobromic acid, permanently liquicf products. Isocrotonic acid 
Yields liquid product^Jirith both the haloi'd acids. The formation of oxvbutyric acids 
by the action of alkalis on the addition>products of crotonic acid is seldom complete, 
because these addition-products are to a great extent rcoonvertod into crqtonic acid 
even by boiling with water. The product foimed by addition of HBr to isocro- 
tonic acid yields, when treated in the manner described by Uemiiian, a well crystal- 
lised zinc salt of crotonic acid, (C^H*0*)’Zii + 2IPO. but no oxybntymte. The trans- 
formation of isocrotonic acid into crotonic acid is also efTccUMi by Uie action of heat 
alone, as observed by Hemilian, but it is never complete. By the action of sodmm- 
amalgam the addition-products of crotonic and iscK'rotonic acid aro easily and com- 
pletely converted into normal butyric acid, whereas the crotonic acids themselves 
are not altered by sodium-amalgam, even when heaUd with it on the water- bath for 
several days. 

Crotoalo A.cld ft'oin Cltraoonlo and lIKeaaeonio A.oida* Oitraconic anhy- 
dride heated to 100® wdth h 3 'droc}iIoric acid witurated nt O'', is partially converted 
into citrachloropyrotJirtaric acid, wdiich is resolvcil by boiling with strong soda-ley 
into an acid having the composition of crotmiic acid. The protluct crystallises from 
water, in which it is easily soluble, in long, colourless prisms, which melt at 16®. It 
has a strong but not unpleasant odour, dissolves in all proportions of alcohol and 
ether, and boils constantly at 160‘6®- 

^ The calcium salt^ (C*H®O*)*0a, cr^’stallises in tufts of long colourless needles, easily 
soiub19^in water. 

The iilacr soli, CHPO^Ag, precipiUitod by silver nitrate from the calcium salt, 
ciystallises from boiling water in long noodles or in small compact crysUils, which am 
scarcely affected by light. It dissolves sparingly in cold, and more frc»elv in hot 
water. The dry salt docs not lose weight at but about 100® a sudden 
sition takes place throughout tho mass, the odour of the acid being evolv^xl. 

The acid is completely decomposed by melting potosh at a comparatively low tom- 
perature, being resolved into propionic acid and cml»on <lioxide. 

Mesaconic acid heated to 140° with strong hydrt>ch]oric acid, is converted into 
mosachloropypotartaric acid ; and the latter, hy bta'ling with soda-ley, yields a 
crotonic acid identical with that obtained from citraconic acid (Prebn, Lichig*a Annalcn, 
clxxxviii. 12). 

Tho crotonic acid thus obtained Agrees with Fraiikland a, I)unp;i’s m^th ac ryl ic; 
acid (1«^ Suppl. 825) in its mode of decomposition by fusion wilti ^x>taBli, but apr)earN 
to differ from it greatly in phy-sical prriperties, melhacrylic acid being duscribeAby its 
discoverers as an oily liquid not solidifying at 0®. L, Paul, however {Annalcn, 
clxxxviii. 52), who has prepared methaciylic acid f>y a slight modification of Frank- 
land a. Huppa’s process,* and obtained U. in larger quantity, finds that it agrees in 
melting ixiint, boiling point, and itideod in every recoct, with the crotonic iwid 
obtained from citraconic or mcsaconic acid. There are.*thercforo, onlv three moflifi- 
cations of crotonic acid, as indicated by theory' 

Methacrylic acid is compleiely couvet4ed into isobutyric aeid by Clie action of 
eodium-amalgam at the ordinary temperature. This fact agrees w-ith the observation 
of Geromont and Swarts {J/eut. Chem. Gei. v. 492), that Kekule’s hionobromo- 
crotonic acid obtained from citradibromopyrotyUaric acid is converted ,by the action 
of sodium-amalgam into isobutyric acid. 

Methacrylic acid dissolves in --'.oncentrated hj/driodic acid at tho ordinary temper- 
ature, forming a clear solution. Wh#n tho hydriodic acid is in la rge^. excess, the 
solution deposits, after some time, tufts of long prisms consisting of iod isobutyric 
acid, C*H’IO* (Paul). 

»d Seriwatlwea of tlte Vomologuas of Crotonto Aold 

(Demar^y, Campt. rend, IxxxiV. 1087). These acids, or rather their others, — end 
the corresponding derivatives of other acids of the acrylic series — ^aro formed by the 
action of phosphorus pentachloride on sulmtitutod aceto-acetic ethers (f>. 12), the 
general equation of the reaction being [X * CH% C’H*, &c.] : 

* FnnliUuid a. Dapjpa prepared mctLiScrrlic acid by the ac-Uott ot POl* on the etliyllc ether of 
dimeiboxallo add. obtained by heaUnx a mtxtare of ethyl oxalate ud methyl Iodide with amalfcain- 
ated and deoompoainff the product with water. Tliis prooem, however, U tedious, ami yielfls 

bat a email prodnei. Fenl finds that it is niu<h more adinuit««eons to start from ttio oxyisobuijrrio 
acid. G(CH*)*OH.CO*H (Identical with dimethoxsllc acid) obtained by brominetlng isobutyric addf 
end repleclni^ the Br Isy OH (Isl Suppt, 801 ; 2md Suppi, 884). 
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On adding the phosphoric chloride^ efTervesconce j;akos place, and on gently heating 
the miJEture for some time, a red colour is produced, due to the reaction of POOi* on 
the substituted aceto-acetic ether. 

When *the action is complete, water is added to decompose the oxychloride, a heavy 
oil being then precipitated, which is the ether of the chlorinated acid mixed with 
traces of the free acid. The supemamnt water also contains a certain portion of this 
acid, which may be extracted by other. The main bulk of the chlorinated acid is 
obtained by saponifying its ether with alcoholic potash, expelling the alcohol from 
the aqueous solution of the resulting potassium salt by heating it in the water-bath, 
and decomposing this salt with hydrochloric acid. A brown oil then separates, con- 
sisting of the impure acid, which may be purified by distillation with steam. 

Chloromethyloroionicacid, C*H’C10* — CH" — CC1=CX0H*)-— CO®H, obtained 
in this manner from ethylic methyl-acetoacetate, crystallises on distillation in the 
cooled receiver. Towards the end of the distillation a few drops of an oily acid are 
obtained, probably an isomeric modification of the acid. The solid acid melts at 67°, 
and boils at 209°-210®. It is moderately soluble in boiling water, and crystallises 
therefrom on cooling in thin laminm, oftes^ 4 or 6 centimeters long. Its ethylic ether 
boils at 177°--180°. The acid, gently heated with strong sulphuric acid, is decomposed, 
with evolution of hydrochloric acid and formation of a sulpho-acid, the barium salt of 
which decomposes when its aqueous solution is boiled, with evolution of carbon dioxide 
and formation of an uncrystal Usable barium salt of a new sulpho-acid. Ohlorometbj()- 
crotonic acid is slowly attacked by bromine at 60^-70°, giving off hydrobromi^acid. 
Heated to 140^ with excess of potash or ammojiia^ it is completely resolved into carbon 
dioxide and ch loro butyl cue, CUi^Cl, the decomposition beginning oven at 100°. 

CUorethylcrotonic acid, C«IPClO* = CH»— CCl=::C(CnP)— CO«H. prepared 
from rfihylic ethylacetoacotnto, molts at 74°-75®, and is partly decomposed by boiling. 
In purifying it by distillation with aqueous vapour, a small quantit^y of an oily 
modification is formed, as in the case of the preceding acid. At 170° it decomposes 
with effervescence, and yields on cftctillation a neutral body which smells like cnloro- 
butylene and readily unites with bromine. This body is probably chloramyleno : 
C*JPC1=<OH*C10*—CO*. The distillate also contains a liquid acid, Chlorethyl- 
crotonic acid is easily attacked by bromine, giving off hydrogen bromide. 

Chlorovtinyl-dimethylacetio acid, mctapieric with the acid last described, is 
obtained from ethylic dimethylacetoacetate. It is purified by distillation with steam, 
and foms inonoclinic crystals which melt at 63®-64°, and decompose at 100°- 

Chlorisopropylcrotonic acid, C’^II’*C10* = C^H^[CH(Cil*)®]ClO*, is at 
ordinary temperatures a viscid oil having a faint odour. It crystallises at —25°, and 
decomposes on distillaiioii, yielding products apparently analogous to those obtained 
from chlorethylcrotonic acid, ♦ 

Ckloro^rapylorotoniS acid is a mobilm oil having a repulsive odour, decom- 
posing on distillation, and solidifying in a freezing mixture at —28°. It is easily 
attacked by bromine, with evolution of hydrogen bromide. 

OROXOiWZO CB&OKAXi- The compound, formerly designated by this name, 
and represented by the formula C*H*€J1*0 {2nd SuppL 401), has been shown, by the 
recent experiments of Pinner, to con8i%t of butyric chloral, C*H‘CI*0 (pp. 60, 443). 

OROXOlTYIb BSOMUESBv C^H^Br, obtained by the action of alcoholic potash 
on isobutylene bromide, HBr = C^H^Br),*is a liquid boiling at 90°. It is 

not acted upon by alcoholic ammonia except in the nascent state. (See the next 
Article). 

CBOTOXmBJnarB8,0«H*.Nm,&c.(A. W. Hofmann, JDeut, CAem. Ges.Ber, 
vii. 614). Those bases are formed, together with ^butylene-diamines, by heating 
isobutylene dibromide (b. p. 148°-149°) to 100° with alcoholic ammonia, part of this 
di bromide being resolved inta HBr and crotonyl bromide, and this latter being con- 
verted by the ammonia into crotonylagrines. The mixture of bases remaining after 
treating the product of the reaction with alkali, boiled between 80° and 300°. As 
these bases could not be separated by fractional distillation, an attempt was made to 
determine their nature by converting them into thiocarbimides. Por this purpose the 
mixture was distilled, and a sample taken from time to time was boiled with alcohol 
and carbon disulphide, the alcohol evaporated, and the residue heated with solution of 
mercuric chloride. The portions boiUng above 120° yielded no tbiocarbimides, but 
the lower-boil in|f portion#^ yielded a thiocarbimide in the form of a colourless liquid 



589 


CROTONYLBNE— CRYPTOMO^PHITE. 

boiling at about 170^| and having a pungent odour liko that of ordinary muetard-oil 
(allyl-thiocarbimida), but decidedly di^rent from that of secondary butyl thiocarbimid^ 
(scurry-grass oil). Gzotonyl-thiocarbimideglUreated with strong ammonia, solidifies 
to a well-crystallised thiocarbamide (crotonyl-thiosinamine) melting at (allyl- 
thiosinamine melts at 70^). e ^ 

CtmOTORUn, C*IT« 1 HC^C— CH*~CH^ Bthylaiietylms (2nd Suppi, 
401). — This hydrocarbon occurs aniongst the products obtained by the compression of 
coal-gas. It boils at 20°-26®, and forms a tctrabromide which melts at 116^-116®, 
and crystallises in sliining needles (Carenton, BulL Soc. Chim, xx, 72). A hydro- 
carbon, probably identical with this, has been obtained by Henninger (ibid. xix. 145) 
by distilling erythrito with five times its weight of concentrated formic acid. Reduc- 
tion then takes pla^ toiiTirds 230®, the fonmn of glycol, C^H*(OH)*, passing over and 
carbon dioxide being given off, together with the hydrocarbon C*H*. This latter 
condenses in a freezing mixture to a limpid liquid, and unites rapidly with bromine, 
forming the compound which crystallises in white fiattcneil neetlles or 

rhombic laminm with two truncfited summits, melts at 116®, and easily sublimes. 
Crotonylcne is also found amongst the hydrocarbons obtained by passing Uie vapours 
of low-boiling petroleum through a red-hot tube (2mf Sujipl. 401), and among those 
which are forme<l >»y the decomposition in an atmosphere of nitrogen of the solid 
condensation-product of acetylene produced under the infiuonco of the dark discharge 
(p. 34) (Berrhelot. Compt. rend. Ixxxti. 1283). 

A hydrocnrlwn isomeric with crotonyleno has l>een found in small quantity, 
together with amylenc, lioxylone, benz«'no, a|^ oarljon disulphide, in the first runnings 
of the dietilhition of crude licnzene. The tetrabroinido obtained fVom it boiled at 99®, 
rind gradually decomposed, with separation of hydrobroinic acid (llelbing, JAth%g*% 
Aitnalm^ clxxii. 281). 

w C||ftTOCOSrxX3B. The name is applied by Nordonskjdld Ann. c>lt. 154) 

to agrey lumpy powder which he collected in 1870 on the ico in the interior of 
Ureonland. Tliis i>owder covers the ico in some places txj the depth of several 
milliniotcrH, and is hoiipetl up here and there in largo quantities by the streams which 
traverse tlio glacier. Tlio microscope shows a few j-cllow’ cleavage fragments (felspar 7), 
green crystal fragments (augiUi?), and a small quantity of magnetic iron oref whilst 
the main bulk of the powder consists of colourless, angular, transparent grains. An 
anal^’sis by G. Lindstrdm gave : 



SiO* 

A1*0» 

IV'O* 

ToO 

• MnO 

CsO 

MrO 


G2-25 

14-93 

0*74 

4 64 

0«7 

5 09 

3 00 

K’O 

Na*0 


Cl 

X* 

iPOt 

Total 

8p. ST. 

202 

401 

on 

0 06 

2*86 

0 34 « 

10012 

2-63 at 21 


* Water and organic matter, jriven of! alwro lOO®. t Given oil botweca i'lS® and 

Nordenskjbld himself found in this dust metallic iron, t^ogether with cobalt, copper, 
and nickel, and is therefore inclined, iiotwithHtaiuling its great resomblanee to a 
volcanic ash, to assign to it uii extra-terrestrial origin, 

A cosmic origin is likewise attributed by Norticnslgdld to the blackish dust which 
occurs mixed with snow in several. I*K::'-li ties in Sweden, JMnland, and Spitxborgon. 
This dust also contains metallic irom and its occurrence in an ico-flold in the northern 
part of S|>itzl>ergcn is regarded by Nc.rdenskjgld as coiRplctely excluding the idea of 
a terrestrial origin of the iron. Phosphorus, col/alt, and perhaps nickel, were also 
found in it, and the residue insoluble in ai^ids contained fragments of diatoms. 
CmYOSraiUlTmB. See HvDaaTES. 

See Guiss. 

also called Priceite (Chase a. Silliman, Sill, Am. J. [3], 
V. 267). A hydrated calcium borate, from Curry County, Oregon, where it occurs 
sometimes in form of veins in a slate, sometimes in layers of couciebionH. Under 
the microscope rhombic crystals may l#o recognisetl, 

A. The harder variety, forming the veins. B. The softer variety, forming the 
conen-tions ; analyficd by Th. Price. C to E. Analyses of the latter variety by B. 
Silliman, who refers them td tfie formula 3Ca0.4B*<P + 6H*0 (F.) 

BNy.* t'aO. ^aCl. FrH)*. ll*0. Total. Bp. «t. 

A. 45*20 29'80 trace — 25*00»]00 

B. 47'04 29 96 0*26 — • — 22*75»100 — 

0*93 
l*(#0 
0*97 


18*29 ->100*1 01 
lfi*29« 100 }.2*2C2-2'298 

18*29-101 j 
19*43-100 


C. 

48*60 

32*38 

D. 

49*34 

31*37 

E. 

60-01 

31-73 

F. 

60*36 

30*21 


Estimated by diffexenos. 
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The formation of crystals in a liquid cooled to its 
point of solidification, and in a saline solution cooled below its point of saturation, is 
explained as follows by de Coppet (AmMC^Aim, PAys. [6], yi. 275), on the principles 
of the mechanical theoiy of heat. If the liquid contains a crystal of the substance of 
salt, the liquid^olecules of sufficlintly low temperature — that is, those whose motion 
is sufficiently slow — which encounter the already formed crystal, easily fix themselyes 
on its surface. But if there be no crystal already formed, then the formation of the 
first crystalline element requires the simultaneous Cbcounterof seyeral liquid molecules 
in certain states of motion. This encounter being, so to speak, accidental, may not 
occur for a long time, or not at all ; ^ but as the temperature is lowered, the number of 
molecules in the suitable condition increases. In the saline solution, the chances of 
the encounter of a sufficient number of molecules are diminished by the interposition 
of the molecules of the solvent, and by the modifications of the atomic grouping, 
which may be induced by its chemical action on the dissolyed substance. It follows — 
1. That tne time required for spontaneous crystallisation should be shorter as the 
tcmperiitnre is lower, and in the case of supersaturated solutions, as the liquid is more 
concentrated ; and 2. That the time should, in general, be inversely as the mass of 
the fused body or supersaturated solution. The first d^uction is f^y confirmed by 
experiment, but the second has not yet been rigorously verified. 

On the Symmetrical Growth of Circularly Polarising Crystals, see Groth (Pow. 
Ann. clviii. 214 ; Jahrb.f. Min. 1876, 602 ; Chem. 8oc. Jour. 1877. ii. 116). 

Unequal Solubility of different Faces of the sanne Crystal . — Pfatmdler explains the 
phenomena of a crystal changing its shap^ without alteration of weight in a saturated 
solution of the same substance at a constant temperature, by supposing that when the 
molecules of the liquid como in contact with the crystal molecules, they may either be 
reflected, they may adhere, or they may tear away some of the latter. As the crystal 
docs no( alter in weight, it follows that as many molecules adhere as are torn awa^^ 
and if the average energy of vibration wore the same on all the surfaces of the (^stal, 
and in all directions, the crystal would not alter in form. If, however, it is not equal 
on all the surfaces, some will present loss resistance to the molecular action and will 
decrease, whilst the others, at which it is greater, will increase, and thus the crystal- 
line fosm will be altered without any change of weight {Ghem, Centr. 1876, 498). 

See also Lecoq de Boisbaudran {Compt. rend. Ixxx. 1007 ; Chem. Soo, Jour. 1876, 
729). 

On the Inequality of Actum of l^o^fiwrphxms Bodies on the sarne Solution^ see Lecoq 
do Boisbaudran (loo. cit,') 

Structure of JsoTnorphom Crystals . — ^Rammelsberg (Bent. Chem. Ges. Ber. ii. 31) 
considers that the molecule of a costal consists of a group of single molecules, and 
Kekule (ihid. ^2) infers, from the isomorphism of certain ferrous salts with magnesium 
or calcium salts, that a like crystalline form does not necessarily imply a similarity of 
the molecules on all sides, but may be a consequence of partial similarity, and perhaps 
oven of* similarity on one side only of the molecules. 

Certain observations made by Baumhauer {Jnd, v. 867) on the form of the cor- 
rosion-figures produced by the action of solvents on various isomorphous crystals 
appear to favour this latter view. These corrqrion-figures are mostly microscopic 
hollows bounded by regular fmrfacea, the form of which evidently bears a certain 
relation to the general proportions of symmetry Vaf the crystal. The figures produced 
on isomorphous crystals always exhibit a certain similarity of form, but nave not 
always the same position relative to the surfaces of the crystal. Thus there is no 
important diffiDreuco between the figures produced by water with the isomorphous 
mombors of the monoclinic group, sulj>hate of iron, sulphate of iron and ammonium, 
sulphate of nickel and potassium, and sfilphato of nickel and ammonium. The figure.s 
correspond in position, although the analogous surfaces of these bodies do not behave 
in exactly the same manner (which is in accordance with the slight difiTerenoes of 
angle existing' between them). In particular the figures on the two latter salts re- 
semble each other very closely. 

The group calcspar, dolomite, and spathic iron ore exhibits a contrary behaviour. 
Hydrocmoric acid produces on the rhombohodral cleavi^e-planes of calcspar hollows 
of the form of an isosceles triangle, with the apex towards the terminal summit of the 
crystal. Similar figures are. produced^ by hydrochloric acid on the rhombohedral 
cleavage-pltmoB of spathic iron ore. but^in this case the base of the triangular hollow 
is towards the terminal summit of the crystal. Acccording to Haushofer, dolomite 
behaves similarly to spathic iron ore. 

The close resemblance or the difiference in the position of the corrosion-figures in 
these isomorphous bodies wg^d appear to point to a resemblance or difference in the 
structure or molecular form of the crystals. 

On the Corrosion-figures of Crystals, see also Bxner (l^>gg, Ann. cliii, 53 ; Jahresh. 
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/. Cktm, 1874* 6; H. Banmhauer, Amn, cliii. 75, 621 ; JoAtmA. 1875, 6 ; JaArA. 
f. Mmeralogie, 1876, 602; Chtm. Soo.J, 1877, ii. 115); SohD«k« (Am. Atm, cliz. 
829 : JakreA, 1876, 3). ^ 

Jnfiuince qf O^^tellua/ion-tcn^ on Cry^iaUinB Fortn , — According to A. R Nor 
denakiold (Ihut, ^ CAam. Ber* vii. 475) this inteenoo is much les%thaii is generally 
supposed. ^ A distinction mus# be made, in the 6m place, between itomorpho^ 
bodies, which agree in atomic constitution, and bidong to tbe same crystalline i^sttm, 
with the same or nearly the samo'axial constants, and homatomorphow bodies, which 
agree in chemical composition and in fundamental shape and axial constants,- but 
crystallise in different systems. 

The felspars, for instance, and the seTeral varieties of augita, Ac., form homino* 
morphous groups; caLcspar is isomorphous #ith spaUiic iron ore, homosomorplions 
with arragonite, withorite, Ac. 

In many bodies a distinction must be drawn between the * nucleus constituent ’ 
(Kernbestandtheil) and the * addition constituent,' wliich latter has little induenco on 
the crystalline form. 

In the felspar group, anorthito is the nucleus constituent, silicic acid the addition 
constituent : — 


Anorthite, (R^R2)O.SiO® 
Labradorito „ 

Andesite 

Oligoclaso „ 

Albite „ # 

Orthoclaso „ 


+ R»(>*.RiO* 

+ SiO» 

„ + 2SiO» 

.. + 24«iO* 

+ 4SiO’ 
+ 4SiO* 


The different rarictics of staurolite are compounds of the common nucleus 
•ROjAl*0* + R*O».SiO* with 1, U, 2. 2*. 31. or 4 SiO^ Ac. 

Compounds containing wal-er of crystallisation are only particular, but still im- 
portant cases of this kind of combination. IIen<»e, without rof#-ronce to the amount 
of addition- or ciystalHsation-wnb*r, those crystals which Imvc* the same nucleus-con- 
stitiiont are, as a rule, lu>Tna!omorplious. 

On Ciy.stsl Crusts or iShcIis, see Zerrcnfier {JahHi. f. Mineralogie, 1875, 652; 
CAem. 8oc, J. 1876, i. Ai). 

On the Determination of the Elasticity of Regular Crystals in different directions, 
see P. Groth {Jahrh,f. Min. 3 876, 199 ; Chrm. Site, J. 1876, ii. 42). 

On the Pyro-electric Propurtie.y of Symmetric Crystals, see W. Hankel {Bogg* Ann, 
cliii. 161). 


This mineral, first obtained from Cuba, and oxamine<l«bY Broithnupt, 
has lately been discovered in two .Sw'odish mines, namrdy, those of Tunabsrg and 

Kafveltorp. Three analyses agreed with the recognised formula * (Clevo, 

JaArd, f. Mineralogie, 1873, p. 90). 

R A. Schmidt {Aich. Pharm. [2], cxci. 1) obtained by distillation of 
cubebs, 14 per cent, of volatile oil. Old culxibs yielded oil separable by fiwetionatiou 
into two others, of sp. gr. 0 929 and 0*937 respectively ; the lower specific gravity 
was likewise exhibited by th«* oil distill^ from the stallcK of cubebs. T^ie lighter oil 
Ixjils at 220®, the heavier at 250®. Both are Imvogyrate, and have the composition 
C'*H**. From the oil of old cubebs (but not from that of the stallw) a camphor, 
C**H**0, was obtained, apparently formed fro^ the light oil. By boiling pulverised 
cubebs with water, Schmidt obtained a subetanco which bo called muous, having the 
composition C*H**0*- Cubobin, the crystalline substance obtained by exhausting 
with alcohol the pnlpy residue Teft. after the preparation of the volatile oil (ii. 171), 
has, according to Schmidt, the composition C“H»*0** ; it does not exhibit the characters^ 
of a glucoside. The acid rain, called by Bernatzik cubebie acid (2nd SuppL 402), 
Schmidt finds to be a bibasic acid, C**H**0^. Ho has also obtained from cubebs an 
indifferent resin having the composition 

Schaer a. Wyss (Aroh. Pharm. [3], vi. 316) confirm Schmidt’s statements as to ths 
composition and properties of cubebs- camphor, aifd find that it melts ,at 67®. The 
camphor they examined (5 or 6 grams) had sa{>aratod from oil of cubebs (25 grams) 
which had been kept for several years, in large*, apparently rhombic czystals. Oil 
prapared from old cubebs did not deposit any camphor when exposed to a low tem- 
perature, even when continued for several weeks. 

The constituents of cubebs have also been examincfi by A. Gglialoro (Gatt. ehim, 
Ual. V. 467). Cubebs distilled in a current of steam yielded als^ut 4 per cent, of a 
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volatile oil, from which, after rectification and drying over calcium chloride, a small 
quantity of a tefpene, was obtained, boiling at 168®-168®, together with a 

considerable quantity of oil boiling at 2d#^-.270‘^, evidently a mixture, but no trace of 
the oil boiling at 220® observed by Schmidt. 

When the po];tion boiling at 250^-270® was mixed with half its weight of ether and 
saturated with hydrochloric a^id, a crystalline hydrochloride, C'*H*^.HC1, was sepa- 
rated, whilst the mother-liquor, after evaporation of the ether, and separation of a 
further portion of the hydrochloride which c^stalliked out, was washed with dilute 
alkali, dried, and submitted to fractional distillation. The greater portion passed over 
at 262®-26?®, and exhibited a slight laevorotatory power, although it is doubtful 
whether this power is inherent in the last-mentioned hydrocarbon, or is due to the ad- 
mixture of a small amount of that which forms the crystalline hydrochloride. The 
hydrochloride crystallises from boiling alcohol in long colourless needles, melUng at 
117®~118®, and when heated for some time to 170®-180® with water in sealed tubes, is 
completely decomposed into hydrochloric acid and a hydrocarbon of the formula 
This, after purification by rectification from sodium, has a density of 0*9289 at 
0°, and boils at 264°-265®. In a tube 10 centimeters long it deflects the polarised 
ray 44*60 degrees (160® 12") to the left. The hydrochloride also has a considerable 
action on polarised light. 

CXTXBACIBZTII. See Vkumiculites. 

CUMEAABTlIRZXr. A constituent of Coto-bark (p. 573). 

OtrmCBSra, Jsoprapylbmsene. — This hydrocarbon, 

which exists ready -formed in Roman cumin oil, and is produced by distilling cumic 
acid with limo or baryta (Is^ Suppl. ii. 173, 294), may also be formed synthetically by 
the action of sodium on bromobenzene and isopropyl iodide. The sodium is add^ to 
the isopropyl iodide, and a solution of the equivalent quantity of bromobenzene ^ sis. 
times its volume of anhydrous other is poured upon the mixture. A slow action then 
takes place, and after it has gone on four days, the mixture may be heated for a few 
hours to the boiling point, and the cumoiie separated by fractional distillation. The 
yield is but small. The cumeno obtained by this process was identified with the 
hydrocarbon prepared from cumic acid^'by converting it into the sulphonic acid, and 
comparing the strontium and barium salts of that acid with those of the sulphonic 
acid prepared from ordinary cumene (Jacobsen, Deut, Chem, Ges. Ber. viii. 1260). 

Cumeno treated with chlorine in pc<esence of iodine, and afterwards heated to 200® 
with iodine trichloride in sealed tubes, is converted into perch loromethane and 
porchlorobonzene: 

-h 16CP = C-Cl® 3CC1* -f 12HCI 


(Krafit a. Merz, Deut, Chem, Gee, Ber, viii. 1296). 

Coaktar Cumene. The portion of coal-tar naphtha thus designated is a mixture 
of two trimethyl-benzenes, viz. mesityleue and pseudocumene, which may be 
separated by the different solubilities of their sulphamides in alcohol (see Tbimethtl- 

IIBNZEEES). ^ 

CirMSWYXhA.XICnrZl > seeCTMyi.-CABBAMiDB (p. 392). 

oiniKBxr'rx-intBB. > 

cinMaimi«A.cnxxc, cvwBxrrx-CBOxoiric, and ovacwm* 
Axrosxzc 4kCZl>S | see Cinnamic Acids, Homolooubs of (pp. 601-503). 

CITMCZC JLCZZI, Patei^o and Fileti {fiazz, ckim, ital, v. 383) have 

demonstrated the existence of two amidooumic acids, C*®Ii"(NH*)0*, Nitrocumic 
acid was prepared by dissolving pure cumic acid in four times its weight of well-cooled 
nitric acid (sp.gr. 1*47), heating for a few minutes, precipitating by water, and oys- 
tallising the pi'^uct first from ether and then from benzene. The purified acid ap- 
peared homogeneous and melted at about 167®. It was reduced to the amido-acid by 
means of iron and acetic acid, the iron removed by sodium carbonate, and the acid 
precipitated as a lead compound by lead acetate. This yras subsequently decomposed 
by sulphuretted hydrogen, and the amidocumic acid crystallised from boiling water. 
The first expprimont yielded Iwge, transparent, tabular.crystals melting at 104*4®, but 
in all the subsequent operations the product formed aciciuar scales mriting at 129®. 
The plates melting at 104*4® moreover, after they had been kept for six or seven 
w eeks, also melted at 129®. The acid melting in the first instance at 104*4® (described 
in vol. ii. p. 179 as oxifcuminosnio ocief) was not obtained in any subsequent experi- 
ment. The existence'of two isomeric amidocumic acids TOints to the existence of two 
corresponding nitro-acids ; but as the nitrocumic arid appeared perfectly homo- 
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geneolu, it is not impmbaUe that it gives rise in tJio first instance to the amidcHMsid 
melt ing at 104^4 ivhirh is snbsequeiitlj transformed into the one melting at 129®. 

cvMxo Auasnia or oinuivt&, C"H'>o --o*H".cho«C3*H‘<:^h 
T his compound boils at 230% and when heated with hydrocyanic and hyitrochlorie 

acids, is converted into phenyl-propyl-glycolli o acid, CO<H * * 

C*H“.CHO + HCN + 2H»0 + IICl = C*H»VCHOH.COOH + NH*C1. 


This acid forms small white needles, molting at 158*^. Its salt, 

(C"£l '* 0 *)*Ba + 4ll“0, separates from water in small rhombic tablos, whicJi lose their 
water at 120*^-130% The silver salt forms t^a of small anliydrous iiochIIcs. The 
lead salt, (C**ll‘^ 0 *)®Pb, forms a white precipitate, 

Cwninyl-diacetamide, obtaiiictl by heating a mixture of 

ciimic aldehyde and aectamidc to 170 *^- 180 '^. 

CH'^COH + 2(H»N.C»H*0) - + H*0. 


It is sparingly soluble in wat«*r, from which it. separates in small silky needles melting 
at 212 % and hot liydrochloric acid splita it up into euminol aud ammonium chloride 

Cutninyhdihencamide, is obtained by heating 

cumic aldehyde with beimtmide. It separates from aleohol in white shining needles, 
which melt at 224% and are insoluble in wate#(A. Ilaab, Deut. Chenu Ges. Ber, viii. 1 148). 

Bjrdrooaminamldo, (C*H“.CH)®N®. This compound, homologous 

with hydrobenzamido. is formed by heating cumiiiol to 100 ° with aqueous ammonia. 
Jt is a Uiick liquid, which, by prolonged heating to 120°- 130°, is converted^ into an 
isora 8 ric base, crystallisiug frt>m alcohol in bulky flocks, from benzene in smairuodules^ 
which under the microscope are seen to consist of fine needles. It melts at 205°, is 
insoluble in water, but dissolves in 38 j»nrf H of lx>iling alcohol, and very readily in 
benzene and paraffin oils, also in Mlcohol acidulated with sulphuric acid. It forms 
salts wMth sulphuric, nitric, and oxalic aci^s (Borodin, Bfut, Chtm. G^. Ber» 
vi. 1253). 


CITBKZBXira. Hofmann, in 1872, describctl under this name a Imse, the hydriod* 
ido of which was obtained by molecular transformation of trimcthyljihonylammonium 
iodide ( 2 ;j(i Suppl. 67). Subso^juent experiments, however {Deut, C^m. (res, Ber, viii. 
Cl), have shown that thi.s ba.so is really mosidinc, C^.N 11®.C11MI.C1P.II,CH* ( 7 . v.) 

CllllKZVOX.-YmBXBAjrB. 8 eo Cariiamatks, p. 384. 

CUlBOXif C*H’'0 =s C*liYC*lI’^;(llI. Cumoplienol (I’atemd a Spica, Gatr, chim* 
Hal. vi. 535). — This compound is priqwred by fusing potassium cumcnesulphonate with 
potasli, acidifying the aqueous solution of tlie fuso(i mass, dehydrating tno ewide oily 
product thereby separate, aud purifying it by fractional distillation. Oumol crystal- 
lises in colourless needles, which melt at 61°. It boils at 228-2°-229-2° (cor.) under 
a pressure of 7^8*18 (cor. to 0 °). The methyl derivative, vra* pi*o- 

jiare<l by heating a solulion of orjual molecular w’eightK of cumol and i>ota 8 Sitim 
hydroxide in methyl alcolud, wnth a clight oxces#iof mofliyl iodide, \t is a colourless 
highly refractive liquid, having an odour of aniseed. Its spocifle gravity at 0° is 
0 ‘962, and it boils at 212 '^^' 213 (cor.) under a pressure of 758‘04. The avetyl’-deri- 
vative, C*U*(C*ll').OC®H*0, w*as obtained by acting on cumol with excess or acetyl 
chloride. Its specific gravity at 0 ’ is 1*026, and it bcils at 244°-244*5° (cor.) under a 
pit‘ssure of 766‘27, ^ ^ 

To ascertain the constitution of the enmol preparotl in the manner above described, 
its methyl-derivative was oxidketl with a mixture of potassium bichromate and 
sulphuric acid. A small (quantity of an acidwras thus obtained, which frojp) its melting 
point appeared to bo anisic acid. If this is confirmed, the cumol mast bo a para-deri- 
vative of benzene. 

CIJIBOBXTBZXh This body is formed from thiocurainamide, 

by prolonged tailing with concentrated potash or soda-ley (which 
abstract SH®), but is at the same time resolved, by gumption of the eleuienls of 
water, into cumic acid and ammonia (Wanstra^ ihid. vi. 332). * 

cnniKinbJLXXVB BSSOZiirxzov. In the course of his investigations into the 
nature of the polyalcohols, it was observed by Wurtz de Phil, Chim, 181) that 

certain oxides and hydrates are capable of combining wi^ themselves, simultaneously 
eliminating water ; and he gave several instances, especially among polygiyoeric and 
polysilicic compounds, in which the performance of this operation several times in 

3r4f Stsp, Q a 
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Buccefiflion upon the same hydrate was lucidly illastrated. 'Watts suhsequently (iu 
Pownes’s Manualof Chemistry, 1 868, pp. 666, 683) wrote general equations in terms of jn 
for the coincident dehydrating and accuAidating processes, whereby the polyglyceric 
and polyglucosic alcohols are formed. Mills has since (JPhil, TSSag, June, 1877) further 
doYeloped the theory of this now »rery frequent phenomenon, to which he applies the 
term * cumulative resolution.* 

• Cumulative resolution is defined as the combination of a substance or mixture of 
substances with itself n times, a particular portion of it being lost each time, according 
to some fixed law. Thus, bismuthic nitrate, when decomposed by a gradually increas- 
ing quantity of water, yields a series of bodies which are less and less nitrogenous, 
and more and more bismuthic. Having regard to the denitration alone, we write : 

• 

and, by giving various values to », from 0 to oo , we shall obtain the formulae of all 
possible compounds between Bi^0*.3N*0* and Bi^O*.N^O‘®. But it is obvious that 
this latter compound is capable of undergoing precisely the same operation as its 
predecessor ; so that, taking a second time, and in a new equation, a set of values of 
n from 0 to oo , we arrive at the formula Bi*0*.N*0*. And upon this we Ciin perform 
the same operation once more, but evidently only once more ; the final result, this 
third time at infinity, being the expression Bi^O*. According to this mode of repre- 
sentation of the reaction, the passage from one multiple proportion to another in 
bismuthic nitrate contains an indefinitely great number of terms, of which the 
* multiple proportions * are in fact the cxtiame conditions. In the first stage, bodies 
are known corresponding to ' 1 and 1 ; in the second, for n — 2 ; and in the third, 
forn = |, J, 1 and oo . Thus the whole of those hitherto obscure compounds are 
included in a clear and systematic theory. 

A iqore general aspect of this common form of cumulative resolution w tha. 
following. Lot a substance A^B^C^ , . . (termed the diapolyte by Mills) ainuergo 
cumulative resolution, losing A*B'’C® . . . (termed the apolyte) we may write : 


nA*B^O . . . — (« — ?») A ‘B^C® . . . = A“<«" . . . 


When ft becomes exceedingly largo -frith respect to m, the right-hand side of the 
equation becomes : 

[A** . . .] 

Such a product is named a cumulate, and is necessarily preceded by some symlxil for 
an infinite value of n. Now there is reason to believe that, when n is very large, the 
actual chemical condition is one of unstable equilibrium, in anticipation of the next 
stage of rosolytion ; hence it is uncertain whether, tlio mathematical sign for infinity 
should be used. In order to avoid this difficulty, the letter n, when representing a 
very luige number, is written 4>, which is accepted in this theory us the symbol for 
chemicjfl infinity. Cumulates also, on account of their peculiar properties, require a 
special symbol, for which 0 (a C reversed) has boon proposed as convenient. Beturn- 
ing now to the general equation, it is easy to see that we can obtain from it the 
folio-wing 'scries of cumulates : — 4 


9 A 

a) - 

a == 

&C. 


>*1 

vA 

A 


[A-B^Cr . . 

^At*-®** 

“A*»'*** 

t &c. 


-.1 


While those differ in composition by a^untform amount, their operator v proceeds by 
powers ; and the curve representing the relation of v to their difference is a logarithmic 
curve. A considomtion of the following cases shows that the theory of cumulative 
^ ^ resolution mtu-tt have a -wide range of practical application. 

1. Ammonic Carbonates . diflTerent ammonic carbonates may bo conceivably 
formed by doammoniating diammonic carbonate or by decarbonating hydroammonic 
carbonate. [Rose’s nine-fourths carbonate is, however, an exception, and does not 
fall into any system of classification hitherto adduced.] In the latter case the equation 
is (omitting hydration water) f 

2?iNH»CO»-(» - l)CO- * N*-H*-C-**0*-+* 

The following table contains tlie known values of the ratio r*= in the various 
carbonates, and the corresponding values of n ; 
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Kxpresssing^ fi in terms of r, wc have: 

r *» 


2» 
M + 
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JN ; c 

0 ; 1 

2 : 7 

2 : 6 

X : 1 

4 : 8 

3 ; 2 

• o 

O,:,. .. 



j relation which is graphionlly expressed by a rectangular hypor!>oIn. This curve is 
in general the form of transition from one sbige to another in cumnliitive resolution. 

Manganic aride .^, — The derivatives of manganic dioxide can be represented us 
follows 

2wMn02— (« - 1)0* - *. 

Known ratios of Mn to O correspond to 1. 1*2, 2, 3, and co . 

IJismufMc rates . — The occurrence these hitlicrto obscure compounds is, ns 
has been stated, easily intelligible on the principles of cumulative resolution. 'J'he 
action of water on nornuil bismut hie nitrate is necessarily represontetl as ountaiuing 
three distinct continuous stages, viz. : 

► ^ n( Bii'0*.3N«0*) 1)NW - Ui="0*".N « 

Hence, dcnitratixig thrice, we g<ft : 

» WBi^G'N-'O*] 

In the first stage, ratios nre known tor w ~*J and 1 ; in the second, for w»’2; in 
the third, for » = J, J 1 and cc . 

Silicates, —A largo number of silicates are, tl^rrivablo from two silioie hytlratos, of 
which the fe(*eond is the tuiiinilate of the first. 


» -- rilvSiO*] 

After the first cumulate, the second seritw is *'H*»Si*0*“ + *. 
For the mixed series : 


•4 


«iH«SiO< + nH*SiO»~(wi + « - 2)H‘-0 - , 

whf*nee^ F[H*iSiO*.SiO*J. 

The following minerals are members of the series r^erreil to: 

Series 1. — Poridote, phcuat:ite, zirCon, almandtne, grossufarin, totrothylic 
silicate (o — 1 ). ^ 

Analcime ? (n -> 1’3). 

Okenito (n - 2). ^ 

Magnesite, Labrndorite (a - 3). 

Diopsido, enstatiie, chkjr^hosito, ampliigcue, pyropbyllite, talc^ 
emerald, t^iet hylic siiicate (n ^ oo ). 

Scries 2. — Anorthite (n«*6). 

Fremy's hyrlrate (n« 1*3). ^ 

Pietbylic disiltcate (d»3). 

Doveri’s hydrate (n »■ 3). 

Mixed Series. — Orthose (|f 4 , m »= 2). 

Analcime (n == — 1 , m » 6). 

Fuchs’s hydrate (ii=«s,m=»ocJ. • ^ 

Homology . — Taking homologues of any rfidiclc X, we have in general X.OH^. 
AVhen n becomes very large, X becomes insignificant ; consequently the cumulate in 
any homologous series is undistingoisbable in composition from an olefine. The 
complexity of any member of a homologous scries depetfrls on the value of n and the 
ratio r of 0 to H, these In-ing its only variables. In the case of the fatty alcohols : 


' 2n + 2* 
Q e 2 
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% hyporboUc relation between r and n. A fiimilar relation holds good in all homologous 
series except those of the olefines, where^ = 0*5. Omitting this series, it obviously 
follows that the physical properties of homologous bo^es cannot be a linear function 
of their symbolic value. ^ 

Plant Prodt&ia , — ^When a living plant takes u^ carbonic dioxide and water, it 
lo^es oxygen, and forms cellultse, cannose. glucose, glucosides and other products. If 
we t^e the equation : * 

[(« + 1)00* + nH*0] - (« + 1)0* « C“+'H*»0", 

and give successive integral values to we obtain the ratio in cellulose, starch, 
dextnn, or glucosan (0 = 5), hydric hinato (n»6), cannose (n«»ll), and glucose 
(n = 00 ), 

Again, the composition of vegetable acid bodies cannot be repiresented by a lower 
formula than CH®0, nor, according to Debns'a law ( Ckem, Soe. Jour. xix. 256), by a 
higher one than C“H*'^'*0"^**, if b stand for ‘ basicity.* In systematic works, the 
general type of the formulae of these bodies is C“H*®"*pO“. 

The cumulative equation is most simply constructed thus : 

£«CO* + (« -^>)H*0]-0p+» = C5»H*“-*P0*“-<»P+»), 

O* 

whence ®-= v(CH*0*), the ratio _ is the highest permissible in any formula, accord- 

ing to the law referred to, H* being a minimum. It appears, then, that (CH*0) and 
(0H*0*) are the extremes of composition vegetable acid bodies ; their composition, 
therefore, ranges between that of glucose and hydric carbonate. Glucosides are 
intermediate between celluloids and acid bodies. The extremes of composition of 
many other series can be traced in a similar manner. ^ 

CarSnwls. — The results of the organic analysis of these bodies are such ns t<^lead 
to very e^omplicatod formuloa, which cannot bo regarded as established on the basis of 
that method alone. The theory of cumulative rosolution easily connnects together 
the whole of these hitherto doubtful substances. Taking 

* nC**H«0"-(n - i)H*0 - 

we have (Caramelano), 

(Caramcleno), all of which are known. Caramelin seems to bo exactly intermediate 
between ® and 

FAher{ficatio7i . — The formation of others from the fatty alcohols is, in effect, a 
dehydrating process : — 

2C'‘H*“'*0 -H*0 = 

Honce ® = In conformity with this result, wo find that the action of oil of 

vitriol on fatty alcohols, when pushed to an extreme, yields etheneand its polymer ides, 
but not^etheno. 

Other Systema of Cumulatit^ Reeolution. — The above equations all belong t>o a 
simple system in which the exponents of « and (w — wt) are both unity. But this is 
not necessarily always the case tliat system boin^, in fact, but a particular instance 
of a more general one, in whith the exponent i^ay have any value w'lmtever. This 
more general syslom may be expressed a& follows: — 

«»(A )— {ji — 7/i)‘»(A^), 

whtjre (A*) is 'the diapolyto and (A^) thp apolyto. The cumulate of this expression is 
® = i'**(A“) — »^(A^), representing a body whose composition would difiTer inappreciably 
from (A — A^), This kind of resolutJbn^ probably occurs in many cases of rapid 
destructive distillation, p being then much greater th^n q\ but no instances of it are 
exactly known. Other systems are readily conceivable, if we affect n and (n-*?; 2 ) 
^with other mitthematical functions. 

The complementary theory to that of cumulative rosolution is that in which the 
apolyte is regarded as undergoing cumulative composition. This process, however, is 
one from which apolytes are singularly averse, and its axistonce at present can only 
bo indicated. 

It is obvious that the theo!^ or cumulative resolution — based as it is on the simple 
device of maxing n very large in certaia chemical equations, — leads to consequences 
of considerable practical importance, and throws light on many problems which do 
not admit of direct experimental attack. K. J. M. 

OOTXAJmoirzVM When alcohol is poured upon a mixture 

1 mol. cuprammonium nitrate or sulphate and 7 mol. iodine, explosions take place 
within the liquid, of various degrees of intensity, but not strong though to breu the 
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vessel. Acetyl chloride and hen^oyl chloride become strongly heated in contact with 
cuprammonium sulphate, with production #1* ammonia and the corresponding add« 
(Schwarzenbach, DeuU Cktm. Gee. Ber. viii. 1231). 

CV»&080TKX00SiX0f &XiZO ACm. See Glycoujc Acb>s. 

CU M A M TOfMm For the method of detecting thit base in a mixture of bases^sec 
Plaxt-basks. • 

CirscOirZirB. See OiNCHONA-BASKS (p. 406). 

CirB> ABXy « See AMuusTnoA Bauk (p. 87). 

CIFT08S- See VisQiiTAuiJi Tissuks. * 

CTJUrAMznx, CN.NU*. or CASSOOXIMISB, . This compound it 

most convouioutly prepared by the action of mercuric oxide on thiocarbainido : 

CS(NU'^)® + HgO « HgS 4 IIH) 4 CN.NU“. 

Levigated rod mercuric oxide — or bettor the preeijutated oxide — i« gradually added 
to a cold and not conccutmtod solution of thif>carbamide, and, as soon ns all the sul- 
phur is removed, a drop of acetic acid is added to the filtrate, which is then evapo- 
rated on a water-bath. The residue dissolves almost oomplotoly in ether, nnd| on 
evaporating the resulting solution, pure cyanoniula is left, Ijohind. An excess of 
mercuric oxide must l»e carefully Avoidsd. The end of the reaction is easily rooog- 
Tiiseil by dipping a small piece of filter-psj^r.in the liquid, and luoistxtnitig it with an 
ummoiiiac;tl soluti<»ii of silver nitnite, whia4 produces a dark colonition, as long as 
any !hi(H*arliaiin«lo remains undecomp<)8cd. This reaction is sufficiently delicate to 
sG^o for tho volumetric estimation of thioearbamide (Volkard, J, pr, ^Vhem, [2], 
ix. 21). 

Clyanamide is voiy deliquescent, and on evaporat ing its aqueous or ethereal solu- 
tion it remains as a liquid, which solidiftos when touched with a pointed body. It h 
but sparingly soluble in carboti sulphide, chloroform, ethideno dichlorido, ethyl iodido, 
amyl l>romiJo, and benzene. v n 

Cotnpotindu o/ Cyana tnide with Acids, — hydroclUoridry CN”. Nil*. 21101, 
is c;Lsily obtained by passing diy hydrf)chlori<; acid into a solution of nyannmide in 
pure, dry ether. It is a very bulky, while crystalline powder, which crystallises from 
water in large plates ; it iloes nt»t combiii6 W'ith the chlorides of platinum or gold. Its 
atpicuus solution gives with silver iiitmte a precipitate of silver chloride, but tho nm- 
inoiiiaivil solution priKupitates yellow silvtT cyanamidu. Its constitution may be re- 
presented l>y the formula HCI.CN.NIPCI, analngous to that of the com|KiUDd oi hydro- 
chloric acid and cyiuiic acid or carbimide, HCI.CN,f>H. 

Tho hydrahromidc, CN.NH*.2IIBr*, is pn^pannl like the hydrochloride, and is a very 
similar l^y. The a obtained by |Hwsit]g a mixtur** of air and nitric *fl:id vapour 
through an ethereal solution of cyanamidc, an'* evaporating tho solution in d^ air, is 
crystalline, but very uiistviblc (Drochsel, J.pr. Chem. [2], xi. 281). 

Msiallic Deriifatives ofX^yanamide . — ^Tho sodium oo?npound^ CN.NIINa, is 
formed by adding sodium to a solution of cyanamidB in ether, but it is mOro conve- 
niently prepared )iy adding t/i a cold solbtion of 1 pt. of soflium in Id of alssdute 
alcohol, an alcoholic solutivjn of 2 of yyanamide in small r>opt.ioii8, Tho bulky preci- 
pittfito sesjn changes intf> a crystalline pow’dor, which may bo waahml with other. It 
is a very fine, light powder, dissolving in w^tor with evolution of heat. 

When heated it melts, and then decomposes : 

3(CN.NllXa) - SCNNa 4 N’' 4 NH». 

• * 

Heated with a small quantity of water in scaled tubes, it yields ur^ CKsliiim cnrls>- 
nato, and a small quantity of carbamate. 

Its aqueous solution gives precipitates with metallic salts, the reaction with sifvt/V 
nitrate being : 

CN.NHNa 4-<‘2AgNO» - CN.NAg* 4 NaNO» 4- HN0». 

Potassium forms a similar compound. * • 

Silver cyoManUde, CN.NAg^ obtained by precipitating an aque^I^is rs^lution of 
cyanaroide with ammoniaoal silver nitra^ {2nd Suppl, 404), is soluble in nitric 
nearly insoluble in cold aqueous ammonia, but soluole in tlio hot liquid, from which 
it crystallises on cooling in microscopic needles, some of the ejanamide being at the 
same time converted into dicyanodi amide. * 

Barium cyanamide is obt^ned as an amorphous precipitate on mixing solotioiis of 
baryta and cyanihiide in methyl alcohol. 
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Copper cpanamide is obtained as a blackish-brown, amoi^hous precipitate, when 
solutions of copper acetate and cyanamid^are mixed. It is readily soluble in acids 
and in ammonia, and on exposing the latter solution to the air, the compound sepa- 
rates in indistinctly crystalline globular masses. An ammoniacal solution of cuprous 
chloride gives wAh cyanamide a wmte precipitate whi^h blackens in the air. 

Lead cyanamide, ON’.NPb.-w-Cyanamide precipitates neither normal nor basic lead 
acdtate, but on adding a few drops of ammonia, a yellowish amorphous precipitate is 
formed, which soon becomes crystalline and lemon-yellow, forming scales resembling 
lead iodide. 

A solutidn of thallium oxide gives no precipitate with cyanamide, and a solution of 
Tnercuric chloride only a small quantity a white precipitate (Drechsel, loc. cit.) 

Mercuric Cyanamide^ CN®Hg, is obtained as a white precipitate by acting on cyan- 
amide with mercuric chloride and a little potash, or on a solution of cyanamide with 
freshly precipitated mercuric oxide (R. Engel, Bull, Soc, Chim. [2], xxiv. 909). 

Reactions of Cyanamide. — 1. Cyanamide decomTOsed by the electric current 
yields hydrocyanic acid, together with other products (E. Mulder, Deut. Ckem. Ges. 
Ber. vii. 1634), 

2. Nascent hydrogen acts slowly on cyanamide, producing ammonia and methylamino, 
NH*ON + 3H*-NHa + CH»N (Drechsel, J. pr. Chem. [2], xi. 284). 

3. Acefyi cAZoricfo converts cyanamide into acetyl-cyan amide, CN.NH(C®H*0), 
which however has not been obtained pure (Drechsel, J. pr. Chem. [2], viii. 337). 

4. Bemoyl chloride and cyanamide do nqt act upon each other either in presence of 

ether or when heated together ; but benzoyl cnloride and dry sodium-cyanamidet heated 
together, give hcnzoyl-ammelino, benzonitril, carbon dioxide and sodium chloride. Ben- 
zoyl-ammoUno, ~ C^N*(OC^H*0)(NH^)=*, is a yellow mass easily soluble 

in alcohol, benzene, soda-loy, and acetic acid, sparingly soluble in ether, insoluble in 
water. (Tvrer sulphuric acid it shrinks together to a brown resinous body. Hoatedflh a 
stream of hydrogen it is resolved into cyanamide, benzonitril, and carbon dioxide. 
Benzoyl chloride and sodium-cyanjtmide, acting on one another in presence of ether, 
form sodium chloride and bonzoyl-cyannmide, CN.NH(C^H'‘0), which however 
quickly df composes, and partly soparatq^ into carbon dioxide, benzonitril, and cyan- 
amide ; but by prolon^rod digestion of its ethereal solution, it is partly converted into 
tri benzoyl-melamine (see Misi^aminb). Benzoyl-cyaiiamide mixed with sodium 
ethylate in .ethereal solution gives sodi*.\ni-benzoyl cyanamide, CN.NNa(C’'H*0), which 
is resolved by heat into sodium cyamato and benzonitril (Gerlich, J. pr. Chem. [2], 
xiii. 270). 

6. With Ethyl oxalate. — Cyanamide dissolves with oxalic ether, sparingly at ordi- 
nary temperatures, easily and without decomposition at the heat of the water-bath 
(oven in presence of a small quantity of water). But when the two bodies (anhydrous) 
are heated together to 110° in an open tube, or in a retort fitted with a condenser, re- 
action gradually takes place, becoming violent if the temperature is raised to 130°. 
The best product is obtained when the reaction goes on slowly, and an excess of 
oxalic other is used (about 4 grams of the ether and 4 grams of cyanamide). The 
product having been washed with alcohol (undecomi-osed cyanamide passing into the 
filtrate), there remains a faint y^low body which may be heated without decomposi- 
tion to 150° (ill contact wnth oxalic ether,oven to 185°), and dissolves in potassium 
carbonate, from which it is thrown down by nitric acid as a bulky colourless precipi- 
tate, soluble in excess of the acid. This lA^dy is decomposed by heating with 
dilute sulohuric acid, hydrochloric acid, acetic acid, and even with water, in which it 
is insoluble. At a rod heat it does not nuelt, but is converted into a brown product, 
which burns away with difficulty. The yellow body has the composition of mono- 
formomolamine, and its formation may be represented by the equation : 

CO.OC*H» fNH> 

3(N^».CN) + I == C»NNNH.COH + CO(OC«HM» 

CO,OC«H» (NH* 

Cyanamide, Oxalio ether. rormotuclomine. Carbonic ether, 
the reaction between the oxalio other and the cyanagiide being supposed to be 
attended with polymerisation Of the latter (E. Mulder, Deut. Chem. Qes. Ber. vii. 
1631). ^ ‘ 

6. cyanamide boiled with a coucentrkted solution of yields iso-uric 

acid, C*H*N*0*, which is deposited in the form of a heavy powder (Mulder, ibid. vi. 
1233). 

7. Action <f Cyanatnido brought in contact with concentrated sulphuric 

acid gives rise to an explosive action. With sulphuric acid, diluted with an equal 
volume of wlitor, so much heat is developed that the mixture boilsb ^ When an excess 



CYANAMIDE. 


599 


of c^racamlde has been employed, the liquid, on cooling, deposits a white amorphous 
p»recipitate of a mm elide, acid ammonii^ sulphate being formed at the same 
time : — 

6CH*N* + 3H»0 + 3IPSO« « + 3(NH^HJ50«). 

But only a relatirely small qualitity of cyanamide is ^decomposed in this way, and 
when an excess of eulphuric acid ,is used, &is decomposition does not occur. In either 
cm the greater part of the cyanamide is conrerted into urea, whilst rariable quanti* 
ties of dicyanodiamidine are also produced. 

The same products are obtained with 6 per cent, sulphuric acid, and* with m(^o- 
rately concentrated phosphoric acid. Hydrochloric acid produces dicyanodiamidine, 
and pro^bly also urea, but the presence of ovfn a small quantity of dicyanodiamidine 
greatly interferes with the detection of urea. 

When hydrogen mlpkidr is passed into a solution of c^-un amide in anhydrous 
other, thiocarbamido, CiS(NH‘)* sepitrates in shining crystals. The reconversion 
of this latter compound into cyanamide may bo ejected by iigiUitiug its alcoholic 
solution with recently precipitated and woU-wusheil mercuric oxide, to which a few 
drops of hydrochloric acid have been a<lded to neutralise tlio last traces of alkali. 
The desulphuration is coniplelod in a short time, and the illtrato conbiins nothing but 
cyanamide (Baumann. Veui. Chem. (res. Ber, vi. 1373). 

8. Poly)n(^Uation.—a, Cyiinamide lieaUed to lAO*^ in ethereal solution, or to a 
higher tomiH'ruturc in the dry hi au?, is converted into dicyano-diam ide, C“N“.(NII*)‘' 
(ii. 1H9). ^ 

Cyanamide is also converted into dicyanodiamido. jS. By heating it with uxUer 
or with dihitc alkalis ; concentrated alkaliK decompose it (Baumann, C7icm. Oes, 

Her. vi. 1371)- y. By heating it in aqueous solution with nitrite'. 

• 4(CN.NH2) + ‘2NO»K « 2CO-'K* + 211=0 + 2N* + C=N=(NH^* 

3. Cyanamide heated with and alcohol docs not yield acotyl-guanidino, as 

might lie expected, according to the reaction, CN.NH'-* + C=li*O.N H= N*(C'».U*.0U1*0), 
but only dicyanocliainide, tlio acetamide and alcohol acting on each other so as to 
form acetic ether and ammonia . 

f. .S<xlium«03'nuaniide hcat'.‘<l with efhylic monochloracetate and alcohol, might bo 
expected to yield c^’aniidju’otic aci(l, ficcording to the oquiition ; 

C1I=C1 CH=CCN.NH) 

CN.NlINa + I - NaCl -t | ; 

CO-C-IH CO=C=JP 

but inhtead of this, the group CK.NIINa is c«>nverted, by polymerisation of the organic 
molecule, into C*H*I l*N a, which • reacts in lik<j manlier with the cirforacctic ether, 
forming nielidacetic acid, (C*N’‘il'^)OH=.COOH, i.e. acetic acid in which 1 atom of 
h3*drogcn is replaced by mclamide, C*N*1H (or melamine, C"N*11*, minus ag atom of 
hydrogen) : 

CII=C1 CH=(C»N*H‘^) 

C’NMl'Nu + I , - NaCl + I 

CO=C=IP CO=C'-’lI* 

Melidacetic acid is a white chalky' powder, dlssohdng but* sparingly in cold 
water, slowly but freely in boiling water, insoluble in alcohol and other, si^mewhat 
poisonous. From the boiling aqueous solution it crystallises by slow cooling in 
white needles, by quick cooling in silky plates. Like other amido>acids, it unites 
with acids as well as with bases. • 

The hydrochloride, C*H"N*0*.HC1, is tdigbtly soluble in cold, more freely in boil- 
ing water, and crystallises in l^illiant white needles which are insoluble in concen- 

. * » » .1.1. ? ^ j _j. V/Aatr . . i,. • .. 


solution, the compound <?H*N*0=.N0*Ag + H*0 separates in white noodles, which 
dissolve readily fa hot, are almost insoluble in cold water. The eulphale, 
(C^U*N*0*)’B0*H*, crystallises from hot water in Urge tlyck prisms. The photphaU 
separates from a hot solution in needles. * m ‘ 

The melidaoetates of the alkali-metals easily soluble in water, aAd are ptreeipt 
tated by alcohol as crystalline powders (Drechsel, J. pr* Chem. [2], xi. 284), 

SHeyaBodiamlde* or HNi=K3^^^^Cz=NIL This polymeride of 

cyanamide (formerly called Param) is formed, as aborS stated, by heating cyanamide 
either alone, or in ethereal solution, or with water, or with dilute alkalis. When 
heated it m«dts and gives otT ammonia, and on increasing the heat, more ammo nia 
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escupos, a white , cry b tail] ne Bublimate forms, and a yellow residue is left, consisting 
of melamine, C*H*N* (Drechsel, J. [2], xiii, 330). 

Argmto-dicyanodiamide, 0®N^II*Ag, according to Haag, 0®N^H®AgS according to 
Engel, is obtain^id by treating dicyanodiamide with silver nitrate, and adding ammonia 
(not in excess) or potash, to the products, as a whitof precipitate soluble in ammonia. 
The mercuric compound^ formed on adding mercuric chloride and a little 

potash to dicyanodiamido, is a white body spariugly^soluble in acetic acid, more freely 
in hydrochloric acid (Engel, ^ull, Soc, Chvm, [2], xxiy. 272). 

HioyaAodlamidine, qq Liebigs Annalen, 

cxxii. 22; Baumann, Deut. Chem. Ge9» Her. vii 446. 1766). This base is formed by 
the action of dilute acids on dicyanodiamide, + H^O « C*N^H“0 ; also by 

fusing the carbonate or other salt of guanidine with urea : 

HN=izC<^^^2 + == NH* + 

This reaction establishes the constitutional formula of dicyanodiamidine (first sug- 
gested by Strecker), and moreover affords the readiest mode of preparing it. 
2-2 J pts. of dry urea are heated to lo0®-160°, with 1 pt. of c&y guani- 
dine carbonate (the other guanidine salts do not give good results): the resulting 
dicyanodiamidine is separated from other products of decomposition of urea and 
guanidine, by dissolving the tiiolt in w%ter, adding a little caustic soda, and then 
cupric sulphate, as long as the roso-colourJM precipitate thereby formed continues to 
increase ; and the precipitate is collected on a filter, washed and purified by one 
crystallisation, whereby it is obtained in microscopic crystals. This compound do- 
compOHod by hydrogen sulphide yields dicyanodiamidiuo (Baumann). 

The Substituted guanidines when fused with urea appear to yield substitution-^ 
derivatives of dicyimodiamidine. 

The free base may be obtained by decomposing the hydrochloride with silver 
oxide ; it is strongly alkaline, and absorbs carbonic anhydride from the air. The 
solution, evaporated over sulphuric acid, gives crystals resembling those of urea ; they 
are oasi^ soluble tu alcohol, and thcadoition of ether to the solution produces a slight 
crystallino precipitate. 

The neutral carbofiaie, (C^H*N^Q®)21I^CO’, is formed by decomposing a coneoii- 
tratetl solution of the sulphate witlf barium carbonate suspended in water. On 
evaporating the solution over sulphuric acid till it becomes a syrup, needles are 
deposited, which, however, cannot be separated from the mother-liquor in a state fit 
for analysis. If the solution of the carbonate is evaporated at 100°, ammonia and 
carbonic anhydiide are given olf ; and the addition of alcohol throws down crystals of 
gnanidino carbonate, CN®lP.IPCO®, easily soluble in water, hut only slightly 
soluble in alcohol ; they are identical with those which Hmig described as hydrated 
dicyaiiuiTuimiiie. This decomposition, which takes place slowly at ordinary tempera- 
tures, is represented by the equation * 

(llN::^0<”]J“gQ +2H>0- (nN=£:C<^g^)=.H=CO> + 2CO»+2NH». 

Dicyuuodlumltfu carbonate. ^ Guauidiuo carbonate. 

Tlio acid carboiMtCf or dicarbonate, C*NH®O.H*CO*, is formed when airbouic anhy- 
dride is pissed into a moderately dilute solution of the neutral carbonate, and settles 
down gradually iii the form of a cryst^line precipitate, which may be purified by 
washing it on a filter with alcohol, and drying it over sulphuric acid. Under the 
microscope, it appears to be made up of 81er*dor concentrically grouped needles. It is 
sparingly soluble in water (in 160 pts. at 18°), permaqont irf dry air at ordinary tem- 
peratures, -but^is resolved by prolonged heating at 100°, into neutral dicyanodiamidine 
vT^bonate and guanidine carbonate, together with carbon dioxide and ammonia : 

‘ 4(C*H«N«0.H*C0*) = (C=H«N*0)^.HKJO" + (CH»N»)*H*CO» + CO» + 2NH'". 

When boiled with water it is decomposed in the same fanner as the neutral carbo- 
nate. ^ 

The comppunds of dicyanaikliaifiidine with the stronger acids are very stable, not 
undergoing the slightest decomposition when their solutions are boiled, or when they 
are treated with mercuric oxide. When mixed in acid solution with potassium chlorate 
and eva^rated over the water-bath, they are decomposed, with formation of 
guanidine, according to thi^equatiou : 

2C*H<N*0 + O* - 2CH»N* + 2C0* + H»0. 

When a solution of dicyanodiamidine sulphate or curbonato is boiled with excess 
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of barium hydrate, barium carbonate la precipitated, ammonia evolrod, and the clear 
solution on evaporation yields urea — a 

C*H*NK> -f 2H»0 « CN*HK) + CO* + 2NH». 

Dicyanodiamidine sulphate hydrochloride, wiien heated, compltftely decompose 
into ammonium salts, ammonia, and a white amorphous lH>dy. slightly soluble yn 
cold, easily in hot water, and possessing feeble basic properties. It is soluble iu ttcias 
and alhalis, forming crystalline compounds with tlie first, which, however, are easily 
decomposed. 

CTAViLTBS* Metallic cyaiuitos admit of two modifications analogous to those 
of the cyanic others (ls< Suppl, 619), : • 

N=G— O— K OP 0=:C=N— K or 

Normal C^ auatc. Isocyanuto. 

Of the normal cyanates, only one is at present known, viz., the poUssium salt^ 
which Bannow obtained by the action of caustic potash on cyanogen cliloriclo : 

CX.Cl + IIOK « HCI + CN— OK; 

also by the action of potash on paracyanogen, and by heating the oixlinary cyanate 
with cyanogen iodide {2nd Sujyjd, 406). It crystallises fnnn alcoholic solution in 
long thin nco<l!eH. whercjis ordinary polassiunM^yainite crystallises in SiViles n’sembliiig 
the chlonito. Its mode of formation shows ^at it contains iho group CM, anti has i(s 
metallic clement unittKl to the carbon through the motlium of oxygen, a constitution 
analogous to that of the normal cyanic ethers. Hence it follows lliat the ordinary 
poUissium cyanate and the other metallic cyanates aru isocyanates or derivatives of 
Bhrbimide, containiug the grfmp CO, and having their niotnllic element nniu^i to the 
carbon tliroiigh medium of nitrogen. 

Hydrogen cyaimto or cyanic acid is known in one modification only, anti ns this is 
produced by rojictions analogous to tluMio which give riMj t/> the ordinary metallic' 
cyanates (ii. 190), it is most probably isoi^yanic acid, or earbiniide, CO-—?'! — U. On tho 
constitution of C 3 nnic acid, see further FIciseftor {Dait. C%ni. OrM. //er. ix.‘" 43fi) ; 
Michlor (Md. 716); Claus {iftid, 721); also Cftem, Soc. J. 1870, ii. 78, 288 ; Jahrmh, 
t\ Chem. 1876, 808. 

Preparafum of potatisinm (tfid)Cyattn(e.^Tho following motlification of Xjiobig’s 
well known process for the preparation of ortiinary priLassium cyaniito has been pro* 
pfisod by C, A. Bell {Chem. News, xxxii. 99). I'our p/iris of perfectly flriedaiicl finely 
pounded poLiissium forrocynnido are intimately mixed w’ith three? parts of dry ninl 
pulvcriscKl fKjtassium dichromato, 'A snmll quantityof this niixturo is jdacetd in a 
[K>rcolain or iron disli, the tompentture uf which is then raised until a tinder-likc com- 
Ijiistioii takes pl.ace, and the raixltiro bl.ackeiis, which hapj-iunN considerably Icdow a 

heat. Tho rest of tho mixtun^ is then tlirown in by small qiiaiititioo at a time, 
!ach successive portion laiitig allowed to Idat^kcn completely before it is covortxl by 
ho next. This is necessary, for if air Iv' excluded during tlm combustion, a consider* 
iblo quantity of potassium cyanide Will l>o found unoxidised. 

When all tho mixture has been added, the dish is allbwed to cool.„ The result of 
lie re:iction is a prjrous friable iiuias, from whidi tho cyanate may bo oxtnudocl witli 
Toiling alc.ohul. To diminish Jis much au, possible iho loss from cron version of iho 
;yanate into cJtrl>onate during Ixiiling, and also to economise alcohol, it is advisable 
.o add to tho latter at each Iniling only about as much of tho mixture as can l>o 
horoughly exhausted by it. Tho crystallisation of tho i^yanato may ho hastened by 
mmersing the vessel containing tho alcoholic solution in cold water. In a favourable 
•xperiment the resulting cyanate, .'^qual to about 42 per cent, of the dried forrocyanido, 
x>ntainod less than 1 per cent, of impurity. 

To obuin tho insoluble cyanates, load, silver, &c., it is only necessary to oxliaust, 
he black mass with very cold water, remove the^ chromato and unaltered forrocyanide 
vith barium nitrate, and finally to precipitate with a nitrate of the metal. 

From the above aqueous emtion urea may lie prepared by the addition of 4 J pts. 
if ammonium sulplmte, eva^ration to dryness, extinct^ Irith boiling alcohol, Ac., 
ir better with amylic aloohof. • 

Allyl lBocyanai4 or Allyl^carbimittet CO:=:N-*-C*H*, is formed, together 
rith sodium monoeulphide, by ^e action of sodium-amalgam on sdlyl thiocyanate 
Billeter, Deut. Chem, Gea, Btr, viii. 464). 

Methyl Isocyanate acta on metbjbsneciiiimide, 4hth formation of ill*deflnad 
iroducta. Ethyl isocyanate does not unite either with methyl- or with ethyl- 
(Uecinimide (Mensehutkin, Petersh, Aend. BuU, xxi. 26). 
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PBBudopropyl Gyanate^ CN.O.CH(CH*)*, obtained by treating the iodide 
with silver cyanate, boils at 74® (Silva,tBu/i. Soc. Chim, [2], xvii. 97). 

Phenylio Isocyanoehloride, C^H^—N^CCl*, is formed by saturating a 
solution of phenyl isocyanate in cdtloroform with chlorine : 

C»H»— N=:CtrS + 4C1 = SCI* C»H*— NzrCCl*. 

The product is a yellowish heavy liquid boiling at 211®-212®, and emitting a very 
pungent vapour which violently attacks the mucous membranes. It acts readily on 
yku^l ao^.ic acid, with evolution of HCl aiid CO®, and formation of acetic chloride, 
phenyl isocyanate, and ultimately acetanilide; 

C®H» NCCl® + C®H*O.OH « C®H»OOl + HCl + C®H‘.NCO 
and OH».NCO + C®H»O.OH = CO® + C«H®.NH(C®H»0). 

Phenylic isocyanochloride is violently attacked by dry silver oxides with formation 
of phenyl isocyanate, and partial carbonisation. By hydrogen sulphide the 
chloride is completely reconverted into phenyl isocyanate. With aniline the 
chloride yields an isomorido of triphenyl-guanidino. the hydrochloride of which 
crystallises from aqueous alcohol in small white laminae melting at 207® : 

C®H®.NCC1® + 2(C®H®.NH®) = 2H:CI + C«H5.NC[NH(C®H'‘)]®. 

Phenylic isocyanochloride, heated to 100® in sealed tubes with water, yields 
diphenyl-carbamide, CON®H®(G®H*)®, and aniline hydrochloride; with metkyl&nd 

ethyl alcoholit yields the phenylic urethanes, and 

with separation of JICl and CH'Cl, or C®I1®C1. 

In the preparation of phenylic is<Jcyanochloride, more highly chlorinated products 
are al^ formed. Thiis on treating a protluct not purified by fractional distillatiqp 
with aqueous ammonia, the compound C"II‘*Cl.NC(OHXNH^) was formed, indicating 
the presence of a chlorinated plienylic isocyanochloride in the crude products. It 
crystallised in white plates, and yielded cliloranilino when distilled with potash 
(Soli a. Ziorold, JDeut: Chem, Ges, Ber. vii, 1228). 

* « 

Thiocyanates, CN — S — R. 

Colour^rcactioiis of ThiocyaniQ acid. — Manv substances, chiefly organic, as c6rk, 
wood, cotton, silk, skin, horn, &c., Jiroduce, with free thiocyanic acid, a rod coloration 
similar to that produced with ferric salts ; hence in testing for iron with potassium 
thiocyanate, cure must bo taken that the solutions employed arc neutral (Miquel, Bull. 
Soc, Chim, [2], xxvi. 442). 

jReactions' of 2'hiocyanic acid and its salts with Monochloracetic acid. — Ammonium 
thiocyanate and chloracetic acid act strongly on one another when gently heated 
together, forming rhodanic acid, C®H*NS®0 (g. v.), a crystalline substance, very 
slightly soluble in cold, more freely in hot water, easily soluble in alcohol, ether, 
ammonia, and in the fixed alkalis'and their carbonates. Its formation appears to 
take place in the manner represented by the equation : 

2CNSNH* + C®H»C10» + H®0 == C*H®NS=0 + SNH® + CO® + HCl. 

The same comp*ound is formed by the itetion of chloracetic acid on other thiocyanates 
(Ncncki, J, pr. Chem, [2], xvi. 1). , 

When, on the other hand, chloracetic acid acts on free thiocyanic acid, the product 
consists of c*arbaminthiacetic ac^, C*H*N*SO® : 

CNSH + Cl.CH®.COOH + H®0 - HCl + NH®.COS.CH®.COOH. 

This acid is soluble in alcohol and other, melts, at 143®, and when heated yields 
thioglycollic acid. Hone of its metallic salts have' been obtained. In cold aqueous 
solution it easily resolved into cyanic and thioglycollic acids (Noncki). 

When chloracetic acid is heated with thioc^'anic acid and aniline in alcoholic 
solution, the following reaction takes place ; 

C«H»NH® + CNSH + Cl.CH®.COOH - «Cl + C»H>*N*SO*. 

The commmnd C*il’*N®SO* 4 thuB obtained forms ciystals which under the micro- 
scope exhiV>it the form of long fiattened prisms, apparently orthorhombic. It is 
insoluble in cold water, moderately soluble in hot water, sparingly in ether. ToUUdins 
treated with thiocyanic and chloracetic acids yields the homologous compound 
C*®n'*N®SO*, which exhibits similar properties (J. H. Jager, J. pr» Chem. f 2J, xvi. 
17 ). 

JReaction of Am/nonium Thiocyanate itith Acetic acid and Anhydride. — When 
ammonium thiocyanate (3 mol.) and acetic anhydride (2 moL) axe heat^ together on 
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a imter-bath to about 80^* guaes are giyan oft coufffff tjpg of hydrogen oyanlde and 
carbon o^anlphidc^ with sn^ler ^nantitles d^^iwbon dioxide and hydrogen eulphide, 
and the liquid solidifies to a crystaUine mass consisting of ammonium acetate, acetwide, 
and acetyl-porthiocyanic acid, C*K(C*H*0)N*S* : 

3(CNS.NH^) + 2(C*H»0)»0 « Cr'HfiC»H*0)N^* 0»U»O.NIP + 2(C*HWNH<) + CNH 
and CNS.NH* + C*H»0*.NH« - C?*H»O.NH* + tJOS + 2Nn«. 

When, on the other hand, ammonium thiocyanate and acetic anhydride in equal 
numbers of molecules am heated together to nearly the boiling point the latter, no 
acetyl-perthiocyanic acid is formed, but the liquid becomes turbid from septlration of 
sulphur, ^d on continued heating. smiUl quantities of unaltered acetic anh^nirido and 
carbon disulphide distil over; the temperature* then rises quickly to 218“-220®, 
ammonia is given off, and the cryst^lino distillate consists almost wholly of 
acetamide. 

Ammonium thiocyanate, gently heated with acetic acid^ likewise yields acetyl-per- 
thiocyanic acid : 


3CNSH + - C»I1(C»H*0)N=S* + CNII + IPO. 

Ammonium thiocyanate and fused fiencoic acid hoatixl togotlior yield nothing but 
hydrogen sulphide and beusonitril (Nencki n. Loppert, Vcui. Chrm. (tcji. /fcr. v. 002). 

Sloahle aalta of Ammonitun Tbioejraaote (A. Fleischer, Annalen, 

clxxix. 22d). 

Ammonio^mercurie Thioeyanatem Hg(CNS)*.2NII*CNS. — When yellow 
mercuric oxide is added to a hot aqueous solution of ammonium thiocyanate, and the 
liquid quickly filtcnnl while hot, it deq^sits tabular crystals of the compound 
4Hg(CNi>)’.6NH*.2H*0, which, when Ixiil^ with water, is convorlwl into meccuric 
o»y thiocyanate, Hg*C*N"S*0* = Hg(CNS)’.aHgO.* This last coiiijkjuikI decomposes 
with oi^losive violence when heated. On dissolving it in an aqueous solution of 
ammonium thiocyamito, or on heating mercuric thiocyanate wiUi the same solution, 
ammon lo-morcuric thiocyanate is obtained in roonoclinic prisms. 

Ammonio^argcniic Thiocyanate, AgCNS.(NH*)CNS, prepared in like 
manner witli silver oxide, cry-stallittos in white sliKiing needles. 

Ammonio-platinic Thiocyanate is obtained in two modifications by spon- 
taneous evaporation of a mixture of the solutions of animoniiini pbitinnchloride and 
ammonium thiocyanate. One of these modificiithuis forms small scarlet prisms or 
hexagonal lamina* having a bitter taste; the other forms brown-red crystals, tasteless 
and insoluble in water. Pliitinitm’-jfotaesiHm 7'hioc y a natt is ^>ropared in like 
manner. In this salt tlie p)tassium may be replacml by aniline, yielding a substance 
insoluble in water, but easily soluble m alcohol and i ihor (Wkoy, (Jhem,Ne,c8, xxx, 28). 


Zinc*ammo7iium Th i ocyan ate, 
oxide and ammonium thiocyanate. 


n*N S— CN 

ll’S- S -ON 


prcfMirefi from xinc- 


VotMatiim Xliloo^r^'DAtet CNKS. W. ^'koy (Ch 0 nt. xxvii. 170) pre- 

pares this salt by boiling flowers of sulphur a few minuhs with w'dUr to remove 
adhering air. and adds to the liquid, after celling, the caleubited quantity of potassium 
cyanide. The reaction is com]>lote in a few days. Access of air must be prevented 
and the potassium cyanide must bo free froin ciiustic j»oUish, as other wise* potassium 
sulphide will l>e produced. * 

Potassium thiocyanate, treated in .alcoholic solution with phoephorue trichloride, 
yields the compound C*H**N*W*0, which crystallises in white needles. With hensoyl 
chloride the compound C*H*S*0 is 'formed, which crystallises in long yellow needles 
(Lossner, «f. jpr. Ckem, [2], viL 474), 

VotAMio^platlBlc 2rblooTaiaate« (ONS)*PtK*+ 2H*0, is formed on mixing a 
warm wid moderately concentrated solution (about 1 0 per coot.) ofpotassium thiocyanate 
with a small quantity of solutMid- of platinum tetrachloride. The liquid on coolii^ 
deposits the hydrated salt in amall very brilliant crystj^ls belonging to the monoclinic 
system ; a : 8 : <?«• 1*566 : 1 : i’834. Angle 8<?«80®46' (WyiouboflT, Ann, d^h. Phye, 
[8], xi. 417). Buckton (v, 811) by pouring a sf^tion of platinum totrachlorido into 
a strong solution of potassium thio( 7 anate previously aeated to 70^ or 80^, or 

* This Mli b regsnled lij J. rhillpp iZ4tbi(f‘a AnnaUn, olxxx. S4U m on amMcMX>iap<rand, loss' 

much as.it oontains a quantity of Ditrofpen lamer than that which b nvjuJrMl Iriy Uie sulphur oresset 
for the Tormation of thiocyanic acid. FUilipp repreaenta 4ts conatltuiiou Itf tha fonnula 
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by adding 4 pts. potassium platino-cbloride to a solution of 5 pts. potassium thiocyanate 
(weighed in the fused state) in a mod^te quantity of water, obtained the same salt 
in anhydrous six-sided prisms or laminse of a deep red colour. 

Verromarciirlo Tliiooytfaate is obtained in long, black, prismatic crystals, on 
mixing the ethereal solutio^ of ferric thiocyanate and a mercu^ salt. It is nearly 
•insoluble in water — ^which, however, turns it white— -also in acetic acid, but soluble in 
alcohol and in ether. Ferro^aurio Thiocyanate, prepared in like manner, is 
finely granular, nearly black, slightly soluble in water, more freely in alcohol and in 
ether. — Cohalto-mereuric Thiocyanate is obtained in two modifications, one 
forming small, anhydrous, deep blue, almost black crystals, the other light blue prisms 
of larger size. Both are nearly insoluble in water, and are decomposed by ferric 
chloride, with formation of ferric thio^anate. — Molyhdo-mer curie Thiocyanate 
is precipitated from aqueous solutions in red fiocks (Skey, loo. cit) 

Tliiooyanates witli Meronrio Cyanide. Hg(CN)>.KCNS forms white 
shining needles, permanent in the air, easily soluble in hot water. — Hg(CN)^NH*ONS 
, resembles the potassium salt. — Hg(GN)MlaCNB + 2H‘0 forms colourless nee^es, which 
lose their crystallisation-water on exposure to the air. — 2Hg(CN)® Ba(CNS)* + 4II®0 : 
four- or six-sided nacreous plates, soluble in hot water and permanent in the air. 
2Hg(ON)*.Sr(CNS)*-»- 4H*0 : thin, nacreous plates, which give off 2H*0 on exposure to 
the air. — 2Hg(CN)*.Ca(ONS)* + 8H*0 : large tabular crystals which give off 6H*0 over 
sulphuric acid, and the remaining 3H*0 at 130®-140®. — 2Hg(0N)*.Mg(CNS)® + 4lI=O: 
needles permanent in the air. — ^2Hg(6^)’*.Zn(CNS)*+ 4H“0 : small, slightly soluble 
prisms, permanent in the air. — 2Hg(CN)*,Zn(CNS)*.3NH* : shining needles, which do 
not give off their ammonia either on exposure at ordinary temperatures or when 
heated to 100°, but are decomposed by water, with formation of a white precipitate. 
2Hg(CN)*.Cd(GNS')^ + 4H‘0 ; small crystals, permanent in the air, soluble it waftr. 
2HgCN*.Mn(CNS)^ + 4H'-'0: small, slightly soluble needles,— 2Hg(CN)*.FeCCNS)*-i- 
4IFO : small, greenish, six-sided plates. — 2ffg(GN)*.Co(GNS)* + 4H*0 : yellow pointed 
ijcodlos, which are moderately soluble in water, and give off their crystallisation- water 
at 110°, turning blue at the same time. — 2Hg(G^i)*.Ni(GNS)*+ ?iH*0 : amorphous, 

greenish precipitate, — 2ng(CN)*,Cu«^2NH*CNS ’ dark blue plates, decom- 

posed by water, 

Xtbylamine Tliiooyaiiate» GN.S.NH^(C*H^), is obtained by heating ethylamino 
hydrochloride with potassium thiocyanate in aqueous .solution, evaporating to dryness, 
beating the residue for some time to 100°, and digesting it in water. Tlio resulting 
solution deposits crystallised ethylamino thiocyanate, which is very deliquescent, and 
gives with Ibrric salts the red coloration characteristic of the thiocyanates. It is not 
converted into the isomeric compound, othyl-thiocarbamido, NH*.CB.NH(C®H*), either 
duriijg its propamtion or when noattxl to 160° in sealed tubes. The same is the case 
with tliiocyanato of amylamine, wlionce it appears that the molecular transformation 
of the thiocyanates of monamincS into the corresponding thiocarbamides, which is 
easily accomplished in the aromatic series, c.o. of aniline thiocyanate into pheriyl- 
thiocarbamide (p. 396), does not take place in ttie fatty series. Moreover this change 
does not ensup when thiocy&nic acid is heated. with free aniline even to 190°, neither 
is it determined by the presence of chloride of potassium or ammonium ; it appears 
therefore to result from the reaction between thiocyanate of potassium or ammonium 
and the hydrochloride of the organic base (Ph. do Clermont^ Bull, Soc, Chint, [2], 
xxvii. 198). r 

BKelamtne Xtalocyanate* G”N'H*.CNSH, is formed by quickly heating am- 
monium thiocyanate to 260^, and maintaining this temperature till the whole mass 
becomes solid. The interspaces of the crude motam thus produced are filled with 
n fine whit^ sublimate of melamine thiocyanate, consisting of small prisms, which may 
be dissolved out by warm water. The solution on cooling deposits prismatic crystals, 
generally of a faint yellowish colour ; they are soluble in alcohol, and when cai^ully 
heated sublime without change (A. Glaus, Deul, Chet^ Gee, Ber, ix. 191 6j. 

* 

* Thiooyana^.es of Acid Radicles, 

These compounds are prepared by the action of acid chlorides on thiocyanate of 
lead ; the mercury, potassium, ana sodium salts cannot be used for the purpose 
(Miquol, Ann, Chim, Vhys} [6], xi. 289). 

a. Inorganic. Silioon 2lifoi7yaiM<e, Si(CNS)\ prepared by the action of silicon 
tetrachloride on lead thiocyanate, melts at 142°, and boils at 300°. Its vapour burns 
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in Use air with a lilae flame* and ia decompcMcd passing t hrongh a red-hob tube. 
It is ineolable in anhj^us ether, carbon distUphide, and petroleum, but dissolrea in 
a solution of thiocyanic acid in bensene, and wparates thereflrom on evaporation in 
r^tangular prisms. It is decomposed by moisture, forming thiocyanic acid and 
silica ; with alci^ol, it yields ethyl silicate and thiocywic acid. The epystals impart 
a red stain to paper, cotton, the slAu. and other organic bodies. 

Arsenious Thiocyanats, As(CNS)*, resembles the preceding compound in its pro^ 
perties and mode of preparatiou, but is much more difficult to isolate. 

Photphorus Thiocyanate, P(CN9)*, obtained by acting on a mixture of dry sand 
and lead thiocyimato with phosphorous chloride, is a liquid having a specific ^ravitv at 
18° of 1'625, boiling at 260°~270°, and decomposing at higher temperatures. It does 
not solidify at — 20°, Its vapours burn with a brilliant flame ; under certain con- 
ditions they are spontaneously inflammable. They proilneo violent headache, and aro 
poisonous. This compound docs not decompose on exposure to the air, and is only 
slowly attacked by water. 

The thiocyanates of iodine, antimony, and tin have not been isolated. 

fi. Organic. Acetyl 'JThiocyanate, CN.S.C®H*0, is a ^1o yellow, strongly refract- 
ing liquid, having a pungent odour; soluble in ether ami in carbon disulphide. It has 
a density of l‘ldl at 16^ ; lK>ils with partial decomposition at 182°-I83'^; ia decom- 
posed by water, alkalis, acids, alcohol, &c., with formation of acetic and thiocyanic 
acids, &c. 

Butyryl Thiocyanate, CN.S.C^IFO, is a strongly refracting liquid, l>oiling at 180°, 
and resembling theacotyl-compound in its otiler projwrties. 

The action of the aromat ic chlorides on lead thiocyanate gives rise, not to normal 
thiocyanates, but to isotliiocyanates or thiocarbimules (p. 600). 


Thiocyanates of Alcohol Padieles. 

MCetbyleiie TblocTunate, OH^(CNS)^ is prepared b^ digesting 2 mols, 
potassium thiocyanate with 1 mol. methylene io<iido in alcoholic solution for two or 
three hours on the watcr-buth, .I’ashing the procipiiatcd crystals with wat^r, and 
recrystallising several times from alcohol. It is easily soluble in alcohol and other, 
moderately soluble in hot. nearly insoluble in c<>y w'ater, ami molts at 102°. On 
heating it for a short time with a quantity of rtrong nitric acid just suffi»*ient to 
dissolve it, and imniedialely evnjxjratjng th«» mixture on the waier-bath, rem<iving tho 
nitric acid by rcpeat<*d evaT>oration with water, and treating the rosidiio with barium 
carbonate, tho barium salt of met hy len edisulphoni c or mothionic acid, 
Cll*(vSO*lI)- is formetl (Julie Ijenuoqtoft’, Deut. Chrjn. Gee, Her. vii. 1282,). 

Btliyl Tliiooyaiiate, C*Jl*.CN.s, obtained l)y tho action of ethyl iodide on silver 
thiocyanate, boils at HI ''-142° (Me 3 *er a. Wurster, nWei. vi, 90, 'i). ^ 

Vaewdopropyl Ttilot^anatef CN.*S.CH(Cfl’)®, was obtained by G. Gorlich 
{Liehife AnnaUn, cUxviii. 80) us a secondary prtKjucl in the propamtion of artificial 
mustard-oil by the action of potassi mi thiocyanate on allyl iodido (from glycerin and 
phosphorus ioflide), Ix ing doubtless derived from pwiudojjropyl iodide formed from the 
glycerin Kiniultanrously witli the allyl^iislido. It is a liquid lioiling bttween 152° and 
and having a density of 0'989 at 0® and 0’1)74 at 15° ; decomposed by boiling 
water with formation of pseudopropyl meAsiptan, nn<I completely resolved by nascent 
hydrogen (zinc and IICl) into the latter body and hydrogen ^anido. Strong sulphuric 
acid converts it into carbonyl-disulphodipscudoiWopyl, CO(8C*Il’)*, an ether having an 
offensive alliaceous odour. With hydrogen ^tlphiAc it yields ]>oraulphopsoudopropyl- 
urethane, NH*.GS.i;>C*JI% which crystallisee from alcohol and ether in splouuid 
rhombic laminie, having a silky lustre and molting at 97® 

/9»Bexyl Vlilofiyaiixt*, CN — S — *" prepared hy foiling equal ^ 
parts of /i-hexyl iodide (iii. 153) and potassium thiocyanate dissolved in the smallest 


ceou 

viii. 55). ^ • 

AUjl CN.8.C*H^ This compound, metameric with ordinary 

mnstard-oil (CS=N — C*H*), may be obtained by a roodiflcatioti of the processes em- 
ployed for the preparation of the latter : — a. 1 part of amgionium thiocyanate (instead 
of ibo potassium fuilt) is dissolved in 3 parts of M |>cr cent, of alcohol, and the 
solution, cooled by ice, is mixed with the thfs^reiitiil quantity of nllyl bromide or 
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- iodide. On adding ice-cold water to the resulting solution, normal allyl thiocyanate 
separates in the form of a colourless li^id, which gradually turns yellow on exposure 
to light, and dissolves easily in alcohol and ether (Gerlich). iS. It may also be pro* 
pared by the action of cyanogen chloride on thiocyanate of lead. This salt is left in 
contact for twelve hours with aif anhydrous ethereal solution of cyanogen chloride ; 
and the liquid filtered from ^he resulting mass is evaporated. The remaining oil con- 
■sists almost wholly of allyl thiocyanate, but it cannot be purified by distillation, as it 
is thereby converted into the isothiocyanate, or mu8tara*oil (Billeter, Dewt. Cheon, 
Ges. Ber. viii. 464, 820). This change takes place gradually even at ordinaiy summer 
heat. By nascent hydrogen (? zinc and hydrochloric acid) the thiocyanate is resolved 
into hydrocyanic acid and allyl mercaptan (Gerlich). "Bj potassium hydrosfdjphide 
it is resolved into potassium thiocyai!hte and allyl mercaptan ; and with sodium-amal- 
gam it yields allyl isocyanide, G=N — C*H*, and sodium monosulphide (Billetor). 

Pbenyl Tlilooyanatery CN — S — 0•H^ is prepared: (1). By the action of hydro- 
gen thiocyanide on diazobcnzenc sulphate; (2). Bypassing cyanogen chloride into 
alcohol in which phenylmercaptido of lead, (C*H*S)*Pb, is suspended, the vessel being 
surrounded with an atmosphere of hydrogen. In the former case, the resulting phenyl 
thiocyanate is distilled off by heat in a stream of hydrogen, then dried and purified by 
fractional distillation. In the latter case, the product mixed with water yields a pre- 
cipitate of nearly pure phenyl thiocyanate, which may be completely purified by two 
rectifications. 

Phenyl thiocyanate is a colourless liquid, which gradually turns yellow ; it has a 
density of I’lSG at and boils at 234° under a preBsuro of 706 mm. Heated to 

180°-200° in a sealed tube with Ayr/rocAforicociJ, it takes up hydrogen, and is resolved 
into phenyl mercaptan, carbon dioxide and ammonia. With hydro- 

sulphidCt oven at ordimtry tempemtures, it yields potassium thiocyanate and phenyl- 
mercaptan (Billeter, Deut. Chem. Ges. Her. vii. 1763). With sodium-amalgam It 
reacts differently from allyl thiocyanate (p. 606), the decomposition taking place 
according to the equation : 

2(CN.S.C«H») + Na^ * 2NaCN + (C«H‘S)»; 
best al a tomperatupo of 120® (Billeter, ifrid. viii. 464). 

srapUtliyl Tblooyanate, CN.S.C'®!!^, prepared by the action of cyanogen 
chloride on the lead salt of naphthvl mercaptan, (C‘®H'S)’Pb, is a colourless substance 
which melts at 36®, and decomposes completely at its boiling point. lAy potcLSsium 
hydrostdphide it is converted into potassium thiocyanate and ;8-iiaphthyl mercaptan ; by 
strung hydrochloric acid it is resolved, by u.ssumption of hydrogen, into jS-naphthyl- 
morcaptan, carbon dioxide, and ammonia; by sodium-amalgam at 160®-! 60° into 
sodium cyauidoand 3-naphthyl disulphide, which ^orms tufts of small laminae melting 
at 132° (Billeter, ibid, yui. 463). 


ISOTHIOCTAKATKS - or T H IOC A KBIM 1 D K S, CS=N — R. 

Alcoholic t hi ocarbim id 08 (mustard-oili) are formed by the action of thio- 
carbonyl chloride, CSCl®, on %.mines : 

CS,C1« -h NH*R - 2Hci + CS— N— R. 

With aniline the product consists of pffen yl-thiocarbimide ; if, however, the 
aniline is iq excess, diphenyl-thiocarbamido is formed, which again maybe 
converted into the thiocarbimido by hating with excess of thiocarbonyl chloride; 

C8CP + 2(NH®.C*H^) 2HCI + CS(mi.C«H»)» 
and CS(NH.C'‘H*)= + CSCl* - 2HC1 4. 2(CS:=2^— C«H»). 

Iiybyltbio^arbtmide is likewise easily prodneed by the action of CSCl’ on ethylamine 
•^(Rathko, Deui, Chetih, Ges. Ber. v. 967). 

Thiocarbimidos treated with potash are converted into thi ocar bam ic 

ethers identical with those which Hofmann obtained ,hy heating the thiocarbimides 
with absolute alcohol to 110® (ls< 8uppl, 1060). Thus a mixture of phenyl -thiocar- 
bimido with alcoholio potash becomes hot, and deposits the compound 

CS Allyl-thiocarbimide (mustard-oil) is acted upon by alcoholic potash 

with even greater facility (R. Schifi^ ibid, ix. 1316). 

Sutyl-tblooarliimtdAS (Hofmann, Deut. Chem. Ges. Ber. vii. 608). The nor- 
mal compound, — CH* — ►CH* — CH* — CH*, is obtained by boiling normal 

butylamine with ethyl alcohol and carbon disulphide, evaporating off the alcohol, and 
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hMtiiig the Vesidae with solution of mercuric chloride. It boils at 167^, aud yialds 
with ammonia a slowly cxystallising dibutyl-thiocarbamide which melts at 79^. 

I9obutyl*thioearbimide^ — CM — C11(CH*)*, prepared in like manner 

from isobtttylamine, has a density of 0*9368 at 14^, and l^ils at 162^ ; the thiocarb^ 
mide prepared from it melts at 65*5^. • • 

Secondary Butyl-thiocSrbimide or Methyl-etkyl^hioearbimide, 
CS=N — prepared from secondary butyl alcohol by coDTOTsion into the 

amine, &c., is a colourless transparent liquid haring a density of 0*944 at 12® ; the 
thiocarbamide prepared from it melts at 93*5®. This modification of butyltthiooarbi- 
mide is the essential constituent of the oil of common scurry-grass (p. 548). 

Orotony*l-tbiooarblmiae, CS.N.C*!!^, prepartnl fn^m crotonviamine (p. 538), is 
a colourless liquid, having a pungent odour, like that of mustard.>oil, and boiling at 
179®. Heated with strong aqueous ammonia, it yields a well-crystallised thiocarba- 
mide melting at 86® (Hofmann, loc, cit,) 

^S-Benyl-tl&loonrbimlde, prepared fn>m iS-hexylamino by Hofmann's process 
just described, is a colourless liquid having a density of 0*9253, and boiling at 197®- 
198®. By heating with strong sulphuric acid, it is reconverted into the amine, with 
separation of sulphur (Uppenkamp, Her. viii. 55). 

Plieiiyl*tlilooarbimide. On the reaction of this compound with aldehyde 
arnTtwiia, see p. 399 of this volume. 

# 

Thiocarbimtdes containing Aromatic Acid Badicles (M iquol, 

' Phy». [5], xi. 289). 

Thsse compounds, as already observed, are formed by the action of tli3 corre- 
sponding acid chlorides on lead thiocyanate ; the acid chlorides of the fatty series 
under similar circumstances produce normal acid thio<^anates (p. 606). 

Bansojrl-tlitooarbimlde, CS:=N — C^H^O, is a strongly refracting liquid, 
smelling like bitter almonds, and having a denf^ity of ri97 at 16®. Heatw tf} 200® 
it decomposes, giving off torrents of ojirbon oxysulphide. It dissolves in other, carbon 
tlisulpbide, and chloroform, and unites with alcohol, forming an ether. By boiling 
water it is completely resolved into bonzamide nnd^c;irl)on oxysulphido : c 

C8.N.CHIK) + H^ = NH»Cai»0 + OSO. 

Ammonia^ either gaseous or in aqueous solution, converts benzoyl-thiocarbimide 
into monobenzoy I-th iocarbarai de, NU“ CS.Nif(C'H^O). Amines convert it into 
thioQirbamides containing benzoyl and an alcohol ra<iiclo,c.y. NH(C*H*).0S.NH(C^II*0) 

(p. 400). 

Benzoyl-thiocarbimide unites at ordinary temperatures u'ith alcohols and yhenrds^ 
forming thiocarbamic ethers, e.g , ; 

, CS.N.C'H*0 + HOPH* = Nrf(C'H*0).C8.0C*H‘ 

Bensojl-thio- Ethyllc Bcusoyl-thlo- 

CBrbimi<k!. oorlMunste. 

With ethyl- and methyl-alcohol the combination trik(% placo readily, but the higher 
alcohols and the phenols require to remain in contact with the thiocarbimide for 
several weeks or months before complete Union is efiecled. 

The tliiocarbamic ethers thus formed are easily decomposed by or by the 
action of acids or alkalis ; they are dosnlphurissd by the oxides of silver and ttmrcuiy, 
forming the corresponding ethers of carbaiqic^cid. An alcoholic solution of potash 
or soda forms with these thiocarl>amates, crystalline compounds identical with the 
potassium or sodium substitutioa-producU obtained by the action of potassium or 
sodium methylate or ethylate on benzoyl-thiocarbimide. • 

Meihylie Bem<^l-ikiocarhamate, NH(CHHO).CH.OCH*, is deposited ikom a boiling^" . 
alcoholic solution in silky needles melting at 97^, decomposing at 106®, It is slightly 
soluble in water, and diasolvei^easily in ether and in methyl and ethyl alcohol. Its 
solution reduces silver, bismuth, and copper salts in the cold, and gives with 
mercuric chloride a white precipitate, and with 6hIoside a yellow prempitate. 

Meihylie Sodiumrhcneoyl-thiocarheimaie, is obtained in small 

crystals by the action of alcoholic soda-solution on the jnreeedtng compound, or 
by the action of sodium methylate on an ethereal 8<;||ution of bensoybthioearbi- 
mide. 

Ethytie Bensoyl-thioearhanutte described by Loessner tJ pr. Chem, [2], x. 235) as 
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betteoyl-ethyl-oyythiocarbamic acid, i« a crystalline body, slightly soluMe in 
melting at 73°-74® and decomposing at 86®. ' ' 1^-!^ 

Amylio BensoyJrthwcarhwmate is a syrupy liquid. Phenylio 
is a slightly yellow c] 7 stalline body, insoluble in water, very soluble in atc(^k^ 
ether. It melj^ at 93°, and decam^ses at a slightly higher temperature. . ^ - 

Metabengoyl-thiooarpimide . — ^This name ^ given to a polymeric moSffl^flkloii 
6f benzoyl-thiocarbimide, which is deposited in the form of an orange-yellow sub- 
stance, when recently distilled benzoyl-thiocarbimide is left at rest for some weeks, or 
frequently after a few hours. When purified by strong pressure and repeated treat- 
ment with boiling water and strong alcohol, and drl^ at 100®, it forms a yellow, 
amorphous, tasteless powder, having a faint aromatic odour. It melts at about 160® 
to a colourless liquid which ronmins fbr a long time in a state of surfusion. It is de- 
composed by the fixed alkalis, but not by ammonia. By water at 200® it is resolved 
into carbon dioxide, hydrogen sulphide, ammonia and benzoic acid : 

CS.N.C'H'^O + 3H20 = CO* + H*S + NH* + 

Nitric acid disserves and decomposes it, forming benzoic acid. By aromatic monamines 
it is converted, like benzoyl-thiocarbimide, into disubstituted thiocarhomldes contain- 
ing benzoyl. 

Salicyl-iliiooarbimlde, OS.N.O^H^O*, is formed by the action of salicyl 
chloride on thiocyanate of lead, but has not been obtained in the pure state, on ac- 
count of the difficulty of freeing the salicyl chloride from viscous products and phos- 
phorus oxychloride. The magma produced by the reaction yields to ether the whole 
of the thiocarbimido ; and on expelling the ether by heat or by exposure for a short 
time in a vacuum, a thick brown syrup is left which cannot be distilled, even under 
reduce^ pressure, without decomposing and giving off carbon oxysulphide. That it 
consists in groat part of salicyl-thiocarbimido is shown however by its reaction#; thus 
with water at 100® it yields salicylamido and carbon oxysulphide ; ammonia converts 
it into salicyl-thiocarbamide ; and with anilhte it likewise yields a thiocarbamide. 

Salicyl-thiocarbimido is isomeric, if not identical, with the thiocarbamidobenzoic 
acid (fi 269) which Eathke a. Schaoffr obtained by the action of thiocarbonyl chlo- 
ride on amiaobonzoic acid (Miqnol). 

Dlti^looyaziio acid, C-NrS*H*. This polymeride of thiocyanic acid is formed 
from perfchiocyanic acid by the action of potash either in alcoholic or in aqueous 
solution. In the former case the potassium salt of dithionic acid separates out, and 
the liberated sulphur remains in solution ; in the latter, the contrary is the case. 
Potassium dithiocyanate, C‘'N*S*K^ + H*0, crystallises in monoclinic prisms insoluble 
in alcohol, freely soluble in water, and molting at <170®. On treating it with sulphuric 
Jicid, free dithiocyanic acid gradually separates in the form of a dark yellow amorphous 
Inidy, >|ffiich may be dissolved by alcohol or by hot water, but suffers decomposition 
in the latter case. The barium salt, C*N*S*Ba+ 211*0, is easily soluble in water and 
cpystallisos in rhombic prisms. Thtt copper-salt is a brown-red powder ; and 

silver salts are lemon-yellow powders : all three insoluble in water, A silvi^fotassium 
salt, 0*N-.S‘'*AgK, may bo obtained in tho form of pale yellow scales. ethylic 

ether, C*N-S*(C-ll*)*, prcpnrodffrom the potassium salt by means of ethyl bromide, is 
a thickish roa*brown liquid not volatile without decomposition (A. Fleischer, Liebig^s 
Aimalcn, clxxix. 204). * 

Pertlilo cyanic acld,C*N*S*H* (iv. 378 ; 2nd Suppl. 899). The preparation 
and pro|lbrt.io8 of this body have lately been studied by R. W. Atkinson ( 8oc. 

Jour, 1877, ii. 265). Ho finds that tho* yellow precipitate obtained in tho usual way 
by decomposing potassium thiocyanate with hydrochloric acid differs in composition 
accordingly as it is washed wltli hot or with cold Vater, and that to obtain a pure 
product, the ilfcid must bo crystallised from hot water. It then separates in long and 
'bfton curved woolly tufts, which, after drying in the air and pressure between bibulous 
]>apor, do not lose more than a trace of moisture when heated to 120®. By treating 
the alcoholic solution of tho acid with excess of silveji; nitrate, a yellow precipitate 
was obtained having tlie composition CPN^’Ag*, and with smaller quantities of silver 
nitrate, precipitates were fonned*approximating to the formula C‘^N*S*AgH. When 
tho diaigentic salt is boiled with water*, offervescence takes place, and a black precipi- 
tate is formed, tho composition of which has not been determined. The yellow pre- 
cipitate form^ by mercurous nitrate in a solution of perthiot^nic acid, has nearly 
the composition C*N*S*Hg*, is not perceptibly decomposed by heating. 

1'he formation of the diargentic and dimercurous salts is easily accounted foe, if 
we adopt the formula of porthiocynnic acid proposed by Gluts (Deut. Chem,. Gee, Ber* 
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.NH-CS 

K/Vd4S), vi*. CS( I , which is aMo^us to that of parabanic acid, 
i ^NH — S 

QOC^^ I . Tho formula is likewise in acctmlanee with the format ion of tliio- 

carbamide and carbon disulphide br the nctiou of nascent hydrogen (tin and HCl) on 
the acid : 

K NH — CtS *■ 

1 + H* = -f cs<Nar 


The following reactions of perthiocjanic acid, examined by J. Ponomareff (Cbmp/. 
rend. Ixxix. 1336), point to a different formula of tho acid, viz. C*N*S*Ji, ns pi*opi>sed 
by Laurent a. Qerhardt. 

1. Pfiosphorus pmtachloride liegins to act on the acid at 125"^, a red-brown pungent 

oil distillinp; over. At about 170^ large shttiing lainina^ sublime on the aidcH of the 
retort, consisting of solid cyanogen chloride, and a distillate is obtained con- 
taining phosphorus sulpliochloride, PSCl*, together W'ith sulphur chloride, and 

phosp&ttOB trichloride. The formation of these products may be represented by the 
followiDg equation : 

C»N*S»H -i- 3PCP « 2PC1* -V ^PCP + PSCP + IlCl + C»N»Cl*. 

2. Porthiocyanic acid, heated to 160®-1C0'^ in a scaled tube with excess of 
amn*x>nui^ yields ammonium tliiocyanato, which may bo oxpollod by evajwrating the 
product with water, — aud ne^dle-shapod crystals, which may be rocrystalijysod from 
boilfhg water, and are slightly soluble in cold water, but insoluble in alcohol and 
otlier. These crystals partly sublime W'hen gently heated, and give ol^’ ammonia at 
higher temperatures. They have the composition C^IJ’N’S, and react liko melamine 
thiocyanate, C*N*(N11^)*.CNS11 (p. 604), being resolved by potash iato melaniino 
and potassium thiocyanate. 

Aeetyl-pertkiocyanic acid, C-H(C*11*0)N*S* (Nencki a. Loppert, Veut. Chna. 
Ges, Ber. vi. 002). — i^his acid is formed, as already observed (p. 003), ly heating 
ammonium thiocyanate with acetic anhydride oriicotic acid. In the former case, tho 
heat should not bo allowed to rise above 80^. O'he resulting liquid solidifies on cooling 
to a crystalline mass, which when treated with an equal volume of water, yields a 
copious granular precipitate of acetyl-perthiocyanic acid, Tho pro<luct may bo 
washed with cold water and recrj'stullised from 00 per cent, alcohol. When acetic 
acid is used in the preparation, a kmall quantity of a reddish crystaliino Ijody is also 
formed, from which the occtyl-porthiocyanic acid may bo separated by solution in 
dilute ammonia and precipitation with hydrochloric acid. 

According to De Clermont {Compt. rend. Ixxxii. 1108), acetyl-perthiocyanic acid 
may alMlKW prepared by boiling acetic anh 3 dri(ie with perthiucyaiiic acid in a reflux 
apparaSSu . . * . 

AcetyLperthiocyanic acid crystallises fn»m nlcol^l in yellow needles. It dis- 
solves in alcohol and ether more readily. than in ooiling waU;pi Tho solutions 
have an acid reaction, and yield with the greater number of metals, amorphous 
insoluble precipitates. It dissolves easfly in dilute ammonia, and separates unafterr-d 
on addition of a stronger acid. By the fixed alkalis, on the contrary, it is raxudly 
decomposed, the resulting solutions, when oci^latod and warmed, giving rfTi^tir acid 
and hydrogen sulphide. , • 

The only metric acetyl -x>erthiocyanato which has been obtained of constant com- 
ipos^licmls the eopper^aaU. On' adding cupric sulphate to a solution of acetyl-per- ^ 
thiocyanic acid in dilute ammonia, an olive-green amorphous procipHato is formed 
which quickly turns red, and, accoi^iog to the results of copper and niingeu detei- 
minations, appears to have the composition 2Cu[C*H(C*H*0)N^]® + Cut), 

By the action of reducing ayente (iron filings and acetic acid, or tin and hydro* 
chloric acid) ecotyl-perthiocykmc acid is converted into th iocarbamide. 

CXASfSra OV ACSTVJbf C*H*O.CN . In pfeparing this oompoui^l by Httbiier*s 
method of heating acetyl chloride with silveftcy^ide, Fileti {Guee. chvm. Hal. v. 391) 
obtained a first fraction containing a small quantity of acetyl chloride, a second por^on 
boiling at 93^, and consisting of the cyanide, and a third fraction from about 93*’- 
200°. The first fraction, when allows to evaporate^t the ordinary temperature, 
left a oolonrless crystalline residue, which, after being purified crystallisation horn 
ilcohol, melted at 120°, and gave off ammonia when heated with a solution of potash. 
The portion boiling up to 200° also deposits crystals when cooled by a mixture of 
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ice and salt This new compound may perhaps be a ^l^eride of acetyl cyanide^ 
produced by the action of heat ; or, less ilrobably, the nitril of pyruyic acia. 

CTAJr»ll or BTOKOOBW. ONH. Spontaneotia Alter ation.-^lt is well 
known that anhydrous hydrot^niP acid sometimes suffers decomposition in a ve^ 
short lime, whereas at other ti,mes it may be kept for' months without change. This 
difference arises from tho calcium chloride used in drying the acid. If the calcium 
chloride is neutral, the acid obtained will be pure ; but if the chloride is alkaline, as 
it is when ignited in the open air, the acid rapidly decomposes. The explanation of 
tuts ,&ct is 'that on the contact of the acid with tho lime contained in the i^ited 
CBlUhlm chloride, calcium cyanide is fc^med ; this, witli the water contained in the 
hydrocyanic acid, gives rise to the fomiation of calcium formate and ammonia, and it 
is known that a trace of ammonia is sufficient to determine the decomposition of the 
anhydrous hydrocyanic acid. 

If some pure anhydrous acid be heated in a sealed tube for four or five hours, the 
liquid solidities to a compact black mass. On opening the tube, there is no evolution 
of gas, and the black substance has the total weight of the acid employed, and the 
same centesimal composition. On heating it in a tube open at one end, anunonium 
cyanide is at first formed, then cyanogen, and a carbonaceous residue is loft ; but it 
may be heated to 50® without alteration. On treating the black substance with ether, 
a crystallisable body is obtained. A similar decomposition takes place on heating 
tho anhydrous acid with alcohol or ether (J. de Girard, Compt. rend. Ixxxiii. 344). 

Volyrrurisation. — Tho polymeride of hydrocyanic acid, C*N*H*, which Lange 
obtained by the action of hydrocyanic acid on epichlorhydrin (2nd SuppL 411), has 
been further examined by K. Wippermann (Veut. Chem. Ges. Ber. vii. 767). This 
body is always formed when aqueous hydrocyanic acid, either dilute or concentrated, is 
kept for ill week in contact with a solution of eanstic alkali or alkidino carbonate: 
nzulmic acid is formtsl at tho same time. Tho tri hydrocyanic acid is extracted 
from the product by other, and after evaporation of tho ether, purified by rccrystallisa- 
tioii from boiling water. It forms crystals, apparently triclinic, exhibiting the com- 
bination OP . ooP . oo Poo, and tabular from pre<ionii nance of 01* ; they decompose 
partially at a temperature below their aioltiug point (180®), and when heated above 
tliat point, uudor^ explosive decomposition, with emission of hydrocyanic acid. 

The constitution of this compound is inferred from its reaction with barium per- 
oxide andf^with chlorine, both of whi£l' act upon it with aiil of heat, in such a manner 
that it is resolved, with addition of water, intoglycocine (amidacetic acid), carbon dioxide, 
and ammonia. Hence Wippermann concludes that tri hydrocyanic acid has the consti- 
tution of amid oinalo-n i tri I, C1 I(NH*)<^q^, which is resolved by assumption of 
water into ammonia and amidomalonic acid: 

„ CH{NH’)<^5J + 4IPO 2N1I« + CH(Nll=)<g^*|l. 

this acid being, however, immcKliatnly resolveil into amidacetic acid and carbon 
dioxide: 



GU(NIPX 


CO'II 

CO-11 




OTAlfZBBBt BKtSTAXi&lC. Those ci\m pounds (e.g. potassium or zinc cyanide) 
are <lecomjK)Ned, with evolution of hydrtigen cyanide, hy passing a stream of an indif- 
ferent gim (CO*, H, or air) through tludr aqueous solutions (Naudin a. de Montholon, 
Compt, f^r/. Ixxxiii. 345). 

A pure solution of alkali-mctal cyanide is easily obtained by fusing dehydrated 
potassium fsrrooyanide with sodium, and lixiviating the pnsluct : 

t 2(CN)«FeK* + Na* = 8CNK + 4CNNn + Fo* 

{^lonxneyer. Dent, Chem, Ges. Ber. ix. 1840). 

Potassium cyanide, treated in aqueous solution with hydrogen sulphide, yields 
chrysean, C^IPN*S* (p. 463). With calcium hgpochloritCt it yields calcium dicyanato 
(ffilminate), together with potassium chloride (^inno, J, Pharm. Chim. [4], xxii. 401). 

MEorcttrlp Oyaalde. Compounds with the Earth-metols. — The following bodies, 
represented by the formula M*Cl*,6Hg(CN)*+ 16H®0 (where M = Ce, La, Di, Y, and 
Er), are obtained by crystallisation from a solution of mercuric cyanide with an excess 
of tlio respective chl«ride.s. Tht»y are all very wluble, and lose their water of crystal- 
lisation at 100“, and over oil qf vitriol. They crystallise only from solutions contain- 
ing an excess of the chloride. Cerium salt : tough, Rsbestosdtke needles. Lanthanum 
salt : colourless, silky needles. Didymikm salt : rose-coloured, elastic needles. 
Yttrium salt : colourless, radiate, and well-defined prisms, losing 3 mots. HH> over 



CYANIDES (FEBRO-). 611 

o!I of vitriol Erhium miii reddish, resembling the preoediug (J. R Atden, BuU, 
Soc. Chim, [2], xxvii. 366), • 

Tha H io m CyanldM (Fronmuller, Deut. Chem. Gts, Bar. vii. 1178. Jnaftiptral^ 
duBeriatioUt Marburg, 1876). Thai turns cyanide, TICN, is prepi^rod by inixing h 
solution of thalliou.s sulphate slHuratod at tlio boiling heat with a quantity of Haruriitotl 
baryta- water suiBcieDt to prc'CiDitatc the wliole of tfte sulphuric acid, and addii^ to 
the cold Bltrate, Brst concentrated h^'drocvanie acid, and tlien a large quantity of 
alcohol, and as much etluT as will dissolve in the liquid. An amorphous white pre- 
cipitate is thus formed, wliich is quickly washed witii ether-alcohol, smd dried in a 
vacuum. 

Thallions cyanide crystallises from a hot^ncentrated solution in smalV glis^uin|^ 
plates; it smells strongly of hydrocyanic acid, and is readily soluble in water; 100 
parts of water at 28*6^ dissolve 16*8 parts. When heattMl, it melts and decoin^mtKiSijft 
non-inflammable gas Ijeing given oflT, iiikI metiillic thailiinn mixeti with carlmnactmulA 
matter being left behiml. Thu aqueous Kolutioii lias an alkaline reaction, and is 
readily decomposinl by carbonic acid. When the solution is heated in a sealed (uIh) 
for some time, the salt is completely decomposed into aiiimoiiia and thalliiim formate. 

Thallium-sitvi^r Cjfanidt^ TlCN.Agl^N, is prepannl by adding silver cyanide ^ 
to a .solution of thaliious 4-y:inide or of tlialltotiH oxide mixed with hy<lrfM?yaiiic acid,/, 
and evaporating the reHult.ing solution. It forms siimll dnz/Jing white crystals which'**, 
aire decomposed by strong acids (nitric acid) into silver cyanide and a thallium salt. 

Thallium^sinc Cyanide, 2TlCIj|^ii(CN)*, preparoii like the silver-compound, 
forms colourless liemihedral ciysials of the regular system, permanent in the air, 
Uiisily soluble in water, 100 parts of water dissolving 29*67 parts of it at 31®, 16*17 Dts. 
at 14*0®, 8*67 parts at 0®. 

llo 80 - vie r curie Cyanide, 2TlCN.ITg(CN)*, forms colourless Kiionomctrie 
crystals, of which 100 parts of water dissolve 10*28 pLs. at 10®, and 7*9 pts. at 1®. 

Thaltoso-cohaltic Cyanide, Co'*’Tl*(ON)*’^=« 6T1CN,C(>*(CN)*, prepared by 
beating thallious cyanide on tlio water- bat h for a consulerable time with cobaltous 
oxide and hydrocyanic acid, crystallises in faintly yellowish crusts. 100 parts of 
water dissolve 10 04 pts. of llie salt at 19*6* '; 6 86 pts. at !)*6® ; 3 (» pts. af <1®. Jt is 
decomposed by nitric and by <lihite sulphuric acid, w’ilJi separation of thallium salt 
and formation of hydrocobalticyanic acid. With wdfs of tin* heavy motaJs it forms 
coltiureil precipitates. 

Thalloso-thallic Cyanide, TICN.T1(0>J)*, pr«*parml by treating moist tliallic 
oxide with moderately concentrated hydrocyanic amd, and eviijKiraling the Noliitioii, 
separates partly in tiibular crysLubs, partly in double pyramids belonging to ih^i 
rhombic system, P : P in the lateral edges 126*8® ; in the tenriinai eclges, 99*3® and 
100*56®. 100 pts. of water di.‘«solve 27'31 pts. of the salt at 30® ; 16*29 pts. at 12®, 

9*75 pts. at 0®. 

Tbailosothallic cyanide is unst^ible in aqueous solution, being resolved into 
thallious formate, ammonium formate, ammonium carbonate and ammonia, ac'cording 
to the following equation : 

T1*C<N« -I- 9H20 - 2CHT10* + OJlcNH^)^* -h (Nli*)*CO» + NH*. 

Mineral acids decompose it, with e>VolatioD of hydrocyanic acid ; ^tash throws down 
thallic hydrate, leaving thallious oxiv}( in solution ; hydrogdn sulphide precipitatj-s 
part of the thallium os black thallious sulphide, TPS ; silver nitrate throws down 
silver cyanide ; potassium iodide and zinc iodide throw down thallious iodic|e. These 
reactions show that the formula of the thallium cyanide under considemtidB is really 
TlON.Tl(CN)*, and not Tl(CN)* and this dbnclusion is further established by the fact 
that the solution of thallic oxvle is attended with evolution of ,.carbo« dioxide, the 
course of the reaction being represontwi by the following eqmitions ; 

(1) 2TPO* + 8CNH - 2TI*C<N« -••0*4- 4H*0 * < 

(2> 4CNH + 0« « 40N + 2H»0 

(3) 4CN + fP + 6H*0 - 4CO* + 4NII* 

(4) 2CNH + 2WO ^ 2CO* + 2NH* 

On Cyanide of ThaUiuin ,and Platinum, see p.* 61 J. 

F K K R O C r A N i D F s, H*Fo''( CN)*. 

The black matter left in tlm calcination of pure diy pitassium ferrtjcyanide eon- 
si.sts of a mixture of metallic inin carburise<i U» alxi^ the same extent as pig-iron, 
with magnetic oxide of iron and uncoi^bined carbon, as exhibited in the following 
Uble; 
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MetaUic iron. 

32*05 

Carbon aa cyanogen. 
(f24 


Iron 08 magnetic 
oxide. . ^ 
27-56 


Potj^'aiuni. 

0*81 


»(A.*T©iToil, Compt. rend. Ixxxii! 455). 


Carbon nncom* 
bined. 

27*46 

Nitrogen. 

0-29 


Carbon combined 
with iron. 

M7 

Oxygen, 

10*50 


The foUoyring ffirrocyaoidoe, obtained by precipitating a solution of the potassium 
sal^ with solutioiis of the several motals, have been examined by Wyroubt>iF 
Phys.y^i], viii. 444).* Compare 2,nd Siijppl. 412. 

•* (1.) OtAltaining only a Univalent J)f9kil ; 

. Silver Salt, Ag^Fe(CN)®+ H*0. White very deliquescent salt, converted by 
j^monia into the compound, Ag*Fo(CN)®.(Nll‘*)*02. 

(2.) Containing liivalent Metah: 


Copper ealte. Cu2I‘o(CN)®+ lOH-0 (Hatchett’s brown); (Cu-y'K®(CN')".- 
K*Fe(CN)*+ 12H-0 (dark brown); and CuKFe(CH)* + H*0 ? (red- brown). The 
mother-liquor of tho first salt also contains a salt having the composition 
Cu*K»Fe(CN)«+6H=0. 

Bong {Compt. rnid. Ixxx, 559) describes a red copper-compound FeCu(CN)*.4H®0 (?), 
prepared by adding potassium cyanide to an acid solution of a copper-salt, till the 
rose-colour at first produced has disappeared, and then adding an acid iron solution. 
From tho resulting precipitates, which conftiin prussian blue, ammonium carbonate 
extracts copper cyanide and a colouring substance which may bo separated from the 
alkaline solution by an acid. This last precipitate is freed from copper by hydrogen 
sulphide, and the latter is removed by lead carbonate. The resulting purple solution 
from whi^ the colouring matter cannot bo removed by iron or lead salts, but is -dom- 
pletoly precipitated by zinc, copper, and mercury salts, yields with cupric acetate a 
compound said to have tho formula abovo given. The solution of this colouring 
mattor, after being freed from copper, yields an ammonium salt which dries up in a 
vacuum tjj a red mass. It is not decoii|posed by boiling aqueous alkalis, or by sul- 
phurous acid or hydrogen sulphide ; but nitric acid, chlorine, and mercuric oxide 
destroy it quickly. 

Coliali* salts. Co«Fe(CN)«.K^nre(CN)® (dark violet); 2CoaFe(CN)®.Co'"K. 
Fe(CN)*.K^Fe(CN)«+l4H*0?(pale.red); CVFefCN)® + 7U‘"0 (emerald green); and 
2Co*Fo(CN[)®.Co*[Fe(CN)®]'‘* ? (grey-green). The first of these salts is obtained by 
precipitation with potassium ferrocyaiiide ; the seconil in like manner with excess of 
tho latter ; the tjiird and fourth with hydrogen forrocyanide ; the fourth with excess 
of the lattrr. 

Wiolcel aalta. Ni“Ke(CN)®.K*Fe(CN)'’ + fill'-'O (light rose-coloured), from yellow 
prussiato'and nickel solution; Ni®K’-*[Fe(CN)®p.K^Fo(CN)* + 13H"0 ? (light-green), 
prepairod w ith excess of yellow prussiate ; Ni-F©(CN)® + 14H^0 or with 

hydroferrocyanic acid; comhining with 1411*0 when precipitated in the cold; with 
nH*0 at boiling hent. f 

ZIno salts. 3Zn*Fo*(CN)®.K^Fe(CN)® + 12H*0 and Zii»Fe(CN®) + 4H*0, are white 
precipitates, tho finit formed with yellow p.ru.ssiate,-' tho second with hydroferrocyanic 
acid. There is Also a zinc forrocyanido. Zn*Fe(CN)® -t- 6H*0, obtained by treating the 
ferricyanido witn ammonia. 


CAdmium *s»lt, Cd*K*Fe(CN)® + 11H*0 ? Pale yellow ; converted by ammonia 
into red crystals, Cd*[Fe(CN)®]* 2(NH'*)*<J ? soluble in ammonia. 

(8.) Co7itatning Trivalent Metafs:' 

nide occurs in tho salt’s Ce'''KFe(CN)® + 4H*0, and 
Gel3Fe(0N)® 4- both of which aro white; tho fir-st is prepared wdth potassium 
fdtrocyonido, the Hecond with hydrogen forrocyanide, 

mdymlopotssslo I'errocyanldef Di'''KFe(CN)*. crystallises with 2H*0 
(Wyroubofi), with 4 IPO (Clevo). c 

&M«ltuio«potassie a"«rrocyrMiia®, I.kV’K.Fc(CN)» + 4H*0, is prepared like 
the corresponding cerium salt. 

Ttirlti-potassle Ferroopaiildet V"'K.Fe(CN)* + 2H*0, is a white powder 
(Cleve a. Hoeglund). 

Alpmliiliim Vsrrooyanlds, AP.3Fe{CN)®+ 17H*0, (?) is a bluish white salt 
slightly soluble in water. 


* Some of WjTOiilx)<r*p formula' are Anomolonf*, and probably founded on dcfcctiTc nnalyws. 
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I VeiToojraiiide, (Bi — Bi)*\F«{CN)* >*. is obtaiuud by precipta* 

tioD with faydrugeti ferrocyauide ; bismmtk$fo(its»icferroe^anide, Bi'‘lC.F6(CN)*+ 4H>0t 
with potassium ferrocyauide (Wyrouboff). 

Muir (Ckem. Soc. J. ]877i i. 664), by addin^a cold (previously hoil^) solution of 
bismuth nitiute to a solution of potassium ferrooyanide iu boiled water, obtained a 
whiu. precipitate, which after drying over sulphun6 acid in a vacuum, exhibited the 
coiDpositiou Bi^6Fe(CN)* [bfsmuth quinquivalent]. This s;ilt becomes slightly 
coloured even when dried in the exsiccator as above, and^t 100^ it gives off hydro- 
cyanic acid, and becomes more or less deeply covered with a blue fiiku ; it btieomas 
darker in colour at 160^, and is completely decomposed at 180^. By warmidt 
very dilute M/Vr/c it is converted iutosBle fer ricy an ide (p. The sama 

change takes place more or less completely wdien the ferrocyunide suspended in w'i|ter. 
cold or boiling, is subjected to the airtiou of bromine or chlorine, and 
cold or hot solutions of caustic soda, the ferrocyanide is completely dec^posed ov 
bromine or clilorine, the whole of the bismuth and iron contained in it being precipi- 
tated (Muir. ibid. ii. 44). 

(4.) Containing Quadrivalent Metals : 

iv 

Tin salts. Sn**lvMlFc(ON)« + 230H"O, is a white mass (Alterberg, Soc, 

Chim. [2|, xxiv. 366). According !o WyrouljoflT, stannoUH chloriiio and yellow prussiattim^ 
yield a dark grey siilf, Sn*.2Fc(CN)'‘+ 18JH*0 ; stannic chloride and yellow* prussiato 
a white salt, iSn’.4Fe(CN)* + 4H-0 : stannous chloride and red prussiatc, a bluish-whita 
salt, Sn®.4Fc(CN)* + 25U*-0, These forthuhe arc very improUtblc. 

Titanium MUta. ‘^^^|.2F..<CN)-‘+ 23U-0 aud 110H»0 are 

precipitutis. the first j'eUowi.sh-brow'n, the sccouil dark brown (Atterberg). 

^Wyrouboff describes three titanic forrocyanides reprcbcntod by Uio* anomulous 
fomnihe Ti"K^2Fe(CN)M- 1 IH'O ; Ti-.UFe(qN)'».K<Fe(ON)- + 43iPO ; and 
Ti’.2Fe(('N)*+ 2611-0, prepared with yellow pruHsiaie and titanic oxychlorido, the 
first with excess of yellow' prussiate, the second with ji niLHierate excess, and tint 
third with a largo excess of titanic oxychlorido. They art* all brown preej^i tales. ^ 

(6.) Containing Qicintiui valent Metals : 

Vanadlmii Terrocyantdet 4 Fo<t^N)'*+ 6011-0, is a grecaitih precipitato 

formed w’ith < xccss of potassiutii ft-rroevanidf ; the siill 2A't>.F'e(CN)'* + 1111*0, on the 
other hand, is a yellowish -green pulverulent preci|>ilal.ti fonued in prj'jsenco of excess 
of potassium vanadatf^ (Atterberg). 

Wyrouboff describes the roinpcoiiKi VK'MJFi(CN)'' as alight g»reiii salt, slightly 
soluble in water. Atterberg is of opinion that Wyrouboff's calculation is vitiated by 
non-attention to the fact that vanadic acid is retlui’tid by potassium ferrof^anido to 
vanadium dioxide/ 

arioblom Terrooyanlde, j’rJ|.0Fe(r-N)" + JoJI-'O, is a brownish salt 
(Atterl*erg), 

Wyrouhoffae«i:ribesthosaltsNb*‘‘K.2Fe(C\)»+ 67y'*'0 and Nb>='K'f Fe(CN)»+ «9H»0, 
the latter pre^red fnjm pFlassfAm iiiob-Ue and yellow prussiate, w'ith siibn<^uoDt 
addition of hydrochloric acid, the former with a large excess of yellpw prussiate. 

(6.) Containing Sexvalrnf Metals: 

Molybdeimm calM* .2Fc(( V)''.2MoO* + is a brow^pmcJpitalo. 

A similar salt, .2Fe(CN)^2MoO' + 1 2H‘0, obfajned with excess of potassium 

ferrowanide, is a brownish powder soluble in water (Atterberg). * 

iVyrouboff describes a dark brown suit, Mo’'Fe(CN)*.K*Ffc(CN)*-e 4011*0 ; uligirter * 
brown salt, Mo*Fe(CN)*+ 20H‘*O ; a , yellow-brown salt, Mo»Fe(CX)* + 8 H*0 ; and a * 
light brown salt, Mo*Fe(CN)'*+ llH'-'O- The first i.s obtaiuerl with yellow pmssiata 
and acid ammonium molylrdate; the second w-iih yellow prussiate and inolybdous 
chloride or a molybdic oxv-salt : the third witji hydroferrocyanic acid and ammo- 
nium molybdate ; the fourth in like manner, but wit V excess of hydroirrrocyamc agid. 

Of these salts the fourth is very soluble iti«wat4»r, but may be prccipifateu from the 
aqueous solution by alcohol. They are all, except the thitd, inclined to decompose in 
contmk with the air. They all diss<dve in ammonia, and are precipilated therefrom 
by acids ; in this way, the Vhird salt may be prepar«s|K from the fourth. The deter- 
mination of the iron and of the molybdenum in these salts is difficult, but mayj be 
effect^ by oxidising the salt with nitric acid and abiding ammonia, which precipi* 
ates the iron ; nr thcmolylHlenum rmiy esLiniated volumetrically in presence- of the 
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ii^on by Piaani’s method (reduction with zinc and hydrochloric acid, and titration with 
permanganic acid), whereby flrst the molybJfenum and then the iron is oxidised (this 
mode of titration cannot bo exact; Jahtesd, f, Chem, 1876, 313). According to 
Atterberg, the amdrysis of molybdenum ferrocyahide must be effected by fusion with 
an alkaline carbonate, the separation of the iron and tnilybdenum by ammonia, as in 
^V'yrf^uboff’s method, not being complete. 

Tungaten Ferrocyiyiidefl^ V\r*K*Fe(CN)* + 20H*O, and W^K.Fe(CN)* + 7H*0 
(according to ’yTyrouboff), are red-brown precipitates. 

Vmnium Ferrooyanide> ^^^2|.2Fe(CN)® + j?H''0, is a brownish powder. If 
an excess of potassium ferrocyanido bo used in the preparation, a salt is formed hav- 
ii^g.tU© cyiL^osition '^^^24j.4Fe(CN)® + G0K'-O (Skraup). ^ee also Wyrouboff {lor. 
ri/.) * 

Iron Ferrooyanideo. Fmaalan Slues. [Skraup, Wien, Akad. Bet, txxiv. (2 
Abth.) Junilieft, 1876]. Soluble blue is obtained ; a. From ferric chloride and polaa- 
siura ferrocyanide, the solutions, in molecular proportion, 2K^Fe(CN)* : Fe’^Cl®, being 
mixed rapidly, and in such a manner that no excess of either shall be present at any 
tnomunt during the operation. This is effected by the use of titrated solutions brought 
to the same 'volume, and poured simultaneously and with constant stirring into a third 
vessel. The resulting precipitate is purified by washing it on a filter with a little 
water, then dried in a vacuum over sulphurictacid. 

The compound thus obtained has the composition (Fe-)**K*.2Fe(CN)®+ SJH-'O. It 
dissolves completely in cold water, forming a solution of a pure blue colour, but by 
boiling with water it is completely decomposed, with separation of a dingy yellow pre- 
cipitate. Tno blue solution forms a blue precipitate with various bodies (potassium 
iodide solution containing excess of iodine, mineral acids, and salts of lead, copper, 
mercury, cobalt, nickel, iron [ferrous or ferric], calcium, and barium). 

/3- hy dissolving potassium forricyantde (80 grams) in water, and mixing therewith 
a^olution of ferrous sulphate free from ferric Sivlt, and containing about 3 grams of 
iron. The*rosulting blue precipitate is vfiished first by decantation with water free 
from air and containing potassium chloride, afterwards on a filter with pure water. 
The product thus obtained has the same composition as the preceding. 

If the soluble blue prepared by eitnbr of those methods be treated with ferrous 
sulphate, Turnbuirs blue, Fe*(CN)‘^ or 3Fo".(Fe^)’*(ON)‘*, is produced ; and if the 
ferrous be replaced by ferric sulphate, ordinary Prussian blue, Fe’(CN)'* or 
2(Fo*)’*.3Fe(ON)®, is formed. This last fact explains the occurrence in commerce of 
Prussian blues consisting partly of Turnbuirs, partly of ordinary Prussian blue, the 
reaction between potassium ferrocyanide, ferrous sulphate, and oxygen, giving rise to 
the salt '^ith higher or lower percentage of iron, accordingly as the oxygen is 
in excess or not. Skraup's experiments have shown that, on the one hand, 
ferrous salts exert a reducing action on .potassium ferricyanide, and that, on the other 
hand, ferric salts exert an oxidising aiction on the ferrocyanide. Moreover, neutral 
ferric hydroxide is reduced potassium ferrocyahide to ferrosoferric oxide, and 
neutral ferrous hydroxide is oxidised by potassium ferricyanide to ferric hydroxide. 
There is therefore no ground for assuming that the iron-atoms in Turnbuirs and in 
Prussian blue are in different states, especially since, as shown by the experiments 
above detailed, l^urnbuirs blue may be formed both from ferrous and from ferric 
compounds (SkrUap). 

For WyEouboll'’8 views of the constitution of the Prussian blues, see his paper above 
cited; also the abstracts of it in Chem, S&c. *J. 1877, i, 189* and Jakr€^io, f, Chem. 
1876, 312. 

^ * Fkrrictanidks, R*Fe'"(CN)®, 

Fotwialum Ferrfoyaiilde is convenieutly prepared by adding to a cold 
solution of the ferrocyanide as much hydrochloric acid as will take one atom of 
potassium from two molecules of the salt, and then a eold<'^Iear solution of bleaching 
powder till ferric chloride gives no reaction. Any excess of acid is neutralised with 
chalk, and the solutiou evaporated ^o crystallinition. Tlie first crop of crystals is 
pure ; the subsequrnt crops contain traces^ of lime which can be. entirely removed by 
a single recrystallisation. The yield is very large (F. Rhien, Dingl, ml, <71 cevi. 161). 

Beduction * — Potassium ferricyanide is reduced to ferrocyanide by tlie action of 
certain metalet vis. xnagiiosiuin,far8enie, tballinm, and palladium. On laying a strip 
of palladium (not bydrugenised) in a .4 per cent, stdution of the ferricyanide for ten 
minutes, a quantity of the salt is rthlneed, sufficient to give a distinct reaction of 
Prussian blue with ferric chloride. Platinum and gold immersed in a solution of the 
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ferricyanide, iu contact witii an olcctxonegatiTe element^ such aa uiitiinuny or g4i«- 
carbon, Ukewiae become covered with a blu^film (JBottger, OWm. Centr, 1872, 708). 

Potaasium forrtcyanide is a powerful oxiaiser, especiaUy in presonco of free alkali, 
but some of the other metallic furricyanides, e^peiMaliy theiusolublcsalts, such as those 
of zinc, copper, and mercury, act still nniro enci^eticall^, oxidisinif aniline salts to 
emeraldiiie or to aniltiio-bUck at’cordiug to the concoutration, &o. 

A mixture of potassium ferricyauide with ferric enloride gives at ordinaiy UPln- 
penitures a brown precipitate with alcohol, cane-sugar, glucose, &c. ; and if the same 
solution is applicii to animal tissues, such as silk or wool, or placeil ^ in contact with 
oils, gums, starch, formic, uric, or arsenic jicid, a green precipitate is fdrniod having 
tho properties of Pciouzo’s grtM*ii cyiinule. IVIore eiierg<*tic nnluoing ugentii— -for 
example, hydrocyanic acid, tannin, aniline, ^ood, or skin — cause tho furnmtioii of 
Prussian blue in a few seconds ; nietliyl and amyl alcohols, l)enzeiie, jf^lutin, and 
cotton prodneo a similar action, which is not cuntiniiotts, aDparciitly' iiidici|^t]lg thf^t 
only the impurities contained in these bodies are oxidistsL Other substancek, such as 
sulphides and BulphitoB, cause an immediato precipitate of Prussian blue. Insoluble 
sulphides act with but little less energy ; and metals, such as irou, tin, copper, leail, 
and aluminium, act in a siiiiilar maiiiier. When the solution is hot, tliese relictions 
take place mure rapidly. Wool iiihI silk may lie thtis dyiwl blue with great ease ; tho 
green tint at lirst pruduct^l is rapidly changed into hhio by the action of a reducing 
agent. The blue colour limy bticonibino<l with any other colour developed by oxidation, 
a.-4 catcehn, indigo, &c. Wood, under the same circumstances, takes a splendid blue 
ctdonr. 

TliP purple colour produced by tho action of a nitroprussiato on a sulphide becomes 
tolerably stable when inimodtately prtKUpitaitxl by zinc. A iHJHe-culourt^d precipitate 
is thus obtained, which may be kept for a long time in tho coltl, but is decomposed on 
application of heat (Gaston Bong, Bull, Soc, Chim. [2J, xxiv. 264). 

Vervloyanlde of Xioad and J^otnasium, rb'-‘K‘‘^(FeCy*)'^+ MPO, is formed, 
together with lead ferricyanido, Pb*(FoCJy*)+ 1611 by mixing tho hot solutions of 
equal parts of lead nitrate and potassium forricyaiiidc, and leaving tho li<^uid to C(x>]. 
The lead ferricyanido then separates nut first, and tho double Milt is oldairied by iHiri* 
centrating the mother-liquors. They are lai^o, dark-red, six-siilud plates 't>elonging 
to the orthorhombic system. Axial mtio, a I h \ c-* 1*7205 : 1 : 0*1)309. This salt is 
very soluble in water, and is procipilateil by alcohol. Both the cryst^s and the 
lujucQUs solution decom|K).se on exposure to the air ( Wyroul>uflf', Ann, Z'him. Vhys. 
[5J, X. 409). 

A.iiimoiilo*ferrocyantde» of Cadmium. When ammouia in moderate 
quantity is poured upf»u cadmium furricyatiide, tho salt, Cd“(l*'e(Jy*)*,^(Nn*)'''0, fS de- 
posited in yellow scales, and, on adding excess of ainmontii, red crystals are ti>rnied 
after some time, having the conipusifiiaj Cd*(FeCy'')'‘‘.3(NH *)’'(). These crystals are 
nionoclinic, having the axial ratio a : A : c 0*6160 : 1 : 1*2425, and tile angle 
Ac — 86® 22', Tho red crystals, when expose*! tr^ tho air for soveral days, give off 
umnionia, and are convorUd into a yellow cry.stallino t>owder identical with the yellow 
suit first described. At 110® thiMrhango fakes placo more quickly, and if the yellow 
powder thus obtained bo heated with pure water or uguoous ammonia, a white pow<ior 
is formed consisting of ammOAioJerrotiyanide nf cadmium • and ammonium^ 
Cd*(NH^)*(FeCy*)“.(Nil^)^0. Tho same '^alt is formofl on drying tho yellow scales for 
a few hours in contact with the air; xImo by tho action of ammonium sulphide on 
cadmium ferricyanido dissolved in aqueous ammonia; 

Cd»(FeCy«)^ + (NU*)'-W - •cd*(NJI«)«(FeCy«)* + S 
(Wyrouboff, lAttf. 413). 

BUmnUi 7errioyaiilde» Bi*(FeCy*)* (bismuth quinquivalent}, appears to be 
formed by precipitating a nearly neutral solution of bismuth nitrate with excess of ..a 
cold solution of potassium forricyanide. The yellow-green, slightly brownish precini* 
tate thus obtain^ does not undergo any apparent change when washed with water by 
decantation in a closed vessnil, but when it is dried at 100® hydrocyanic acid is given 
off, and tho outer surface becomes covered with a^preenish-bluo film. An oiive-grren 
salt, likewise consisting of bismuth ferricyanido, — sSmowhat contamkiattsl however 
with Prussian bino resulting from a secondary decomposition — is obtainoil by warm- 
ing tho ferrocyanido with very dilute nitric acid (Muir, Chem, Soc. J. 1877, ii. 685). 

Wew oUian of Bnia«latea« IFF(y*t'y”. ^Vhen iodine is adchxl to potassium 
ferricyanido, and tho liquid heated nearly to tho lAtling point, a greenish-brown 
solution is formfid. from which alfyd^d throws doivii a crystnlline salt easily soluble in 
water. The solution tliiM whidi ia ilM.rk Itliin.mvtiTi wliAU 
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aHEunies on dilution a peculiar reddish or Tiolet colour. The solution of the same salt 
in an alkaH 'S decomposed bj boiling, 'with separation of deep red ferric oxide. It has 
not been analysed, but the ipode of its foftaation points to the formula abore given, 

vhich is analogous to that of the nyiropmssiates, ll^e** | 

K'FcOy + I =. KI + jf^FoCy* 

(Stadeler, hiehitj h Aniialen^ cli. 1). * 

According to Skraup {Beat. Chem. Ges. Ber. viii. 1503) and Bong (Bull, Soc. Chim, 
[2], xiv. 2t\l) the same suit is obtained by treating potassium forricyanide with 
potassium cidorato. and hydrochloric acid. It is almost insoluble in alcohol, quite 
stabler in air, and gives green precipiti^es with most metallic salts, even with zinc, 
whereby it is distinguished from the nitroprussiato, which gives a salmon-coloured 
precipitate with zinc (ii. 261). It is an energetic oxidiser, especially in presence of 
metallic ^Its, Nitric acid converts it into the nitroprussiato (Bong). 

Plxtinqcyanidks, Il"Pt(CN)*. 

Fluorescence . — The pliiti nocyanides of the alkali-metals and alkaline earth-metals 
exhibit very varied fluorescence, each salt forming several hydrates, which diflEer from 
one another both in body-colour and in fluorescence. The body-colour is mainly 
determined by absorption of the fluorescent rays. Most of those salts exhibit very 
line surface-colours (llagenbach, Pogg. Ann, Jubelb. 1874, 303). 

Tliallioua Platinocyaaide, TPPt(CN)*. Priswell (Chem, Soc. J, 1871, 461) 
described a double salt of thallium cyauido and carbonate, Tr-rt(CN)\Tl-CO*, ob- 
tained by mixing the hot solutions of platiuocyanido of potassium or barium with 
thallioua Ciirbunate. This salt crystallises in rectangular prisms, crimson by t|Jius- 
mitted, bronzo-grocn with inotaUie lustre by reflected light. On treating it with warm 
nitric acid, the thallious carbonate is dissolved out, and on rncrystallising the residue 
from water colourless crystals arc obtained, consisting of thallious platinocyanido, 
Tl-Pt(0N)^ 

CarstAnjen, in 1807, by mixing a uooiralisod and concontriited solution of hydrogen 
platino-cyanido with thallious carbonate, and evaporating, obtained blood-red needles 
with n splendid green metallic lustre in reflected light ; those ho regarded as thallious 
plutinocyalliilo (\st Suppl. 636). Fnswell a. Greenaway, however, And that when a 
solution of hydrogen platinocyanido is mixed with an exactly equivalent quantity of 
tliailious carhonaU^, a perfectly colourless aalt is obtained having the composition of 
thallious platinocyanido, TPPt(ON)*, but that when twice that proportion of thallious 
carbonate is added, an<i the solution boiled, it depo.sita tlio dark red crystals of the 
double salt, Tl‘''l*t{CN)*.Tl-CO^. Thallious platinocyanido is likewise obtained in 
colourless heavy crystals by decompo.sing biirium platinocyanido with thallious sul- 
phate (Chem. 1 ^ 0 . J, 1877, ii. 261). 

Saloid SeriwatlV€N of ttio •Platinocyanldes. These compounds have 
been examined by Nils. Olof Holst (Bull. Soc. Chim. [2], xxii. 347, corresp.) with the 
following results : * 

Barium Bro'inoplatinod^anide, rL(CN)‘Br^Ba+ oH-O, produced by evapora- 
ting a stdution of barium platinocyanido ’mixed with bromino, forms yellow crystals 
poniianont in tho air, easily soluble in water iiod in alcohol. According to Topsoe, it 
crystullisoH in tetragonal prisms. 

The chloroplatinocganide^ Pt(QN)*Ci-Bu, .and the iodoplatinocganidc, 
Pt(ON)H^Bn, clostdy resemble tho bromii^ compound. 

Hydrogen B romoplatinocy anide or ^romoplaiino^cyanhydric acid^ 
Pt(CN)*B 1*1 1- + ar H-O, obtained by decomposing the bliriiim salt with sulphuric acid, 
forms rathiu* tldck, tabular, deliquescent crystals, easily soluble in w'ater and tu 
iiTtohol. ChloropUitbiO’Oyanhydrw acid is obtained in a similar manner. 

Pottissiujii liroitiojilatinocy anide, Pt(CN)*Br*K®, in tho anhydrous state 
forms yellow tnlmlar crystals, which are capable of tc.king up 2 mols. water and 
decompose at The correspondii^ iodine vompyuud, Pt(CN)*PK®, forms tetra- 

gimal crystala permanent iiiii< th& air. Ammonium Bronioplatinocyaaide, 
Pt(CN)*Br‘(NH*)*, crystallises in yellow tjibular or lenticuhur crystals of triclinic 
form. 

The following salts have also been analysed : 

PtCON)*Cl3(NH^)" + rtPO ; rt(CNVBr»Zn + 6H’0 

Pt(CN)«Br*Sr 4- 7H«0 I Pt(CN)^Br-Pb ^ 2H-'0 

Pt(CN)«CPMn + 2H*0 PP(CN)‘''Br*Al' + 22H*0 

Pt(CN)<Br5Co + 6H’0 
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I (Weddigo. J. pr. Chem. [3], x. 193). Ethpl 
Cyanocarhonate, CN.CO.OC^H^ mAy be BrepAred. as already ot^rved (2 Sh]^. 
415) by tho action of phosphoric anhydride m (^thyl'oxam^te ; 

CONU-' CN 

I _ HH) I * 

«.H3oc»ir^ ugoo'H* 

Whoa equal woights of tho two substnnoes arc lu-altil fogotlior in a large retort, 
cyuuooarbonic ether distils over at 120^\ ami the distiltation may bt> continued up to 
160*^-170®. Tho distillate luay bt! purified by tMO riX'tificatious. 

Ethyl cyanoearlKinato is also forimnl, with evolution of hydi*ochlorie iicid, when 
ethyl dichloraniid^icetato (prepared bv the acti^ of on etliyl oxamato) is heated 
to its melting point : CC!'^(NH0— OaOC*H*«ON.CO,OC=^H^ + ‘2HCl (Wallach, Dent. 
Chent, Ges. Ber, viii. 299). 

Cyanocarbonic ether purified as al>ove, is a colourless. mobih\ strongly rtfkuctin^ 
liquid boiling at 115®--! 16®. It is lighter than water, mixes in all proportions with 
alcohol and ether, but is not miseihlo with water. When lefi for some time in con* 
tact with water, it deeomp<jses into hydrocyanic acid, carlx>n dioxide, and alcohol, the 
decomposition being accelerated by' heat : 

CN.COOC’H^ + H^O « eSH + CO- + C’il^OU. 

A similar reaction takes place with alludis ; the decomposition is not however com- 
plete, for the precipitate furnic<i on adding silver nitraU^ to tho resulting liquid does 
not consist of pure cyanide, but appear:^1o contain :ds<j cyanocarbonato of silver. :r 
This salt has nut however boon isolated from it ; neither has it I>uon found possible to 
prepare any of tho other metallic cyanociirbonatea. 

Concentrated hydrochloric acid resolves the ethylic t thcr into oxalic ^eiJ, sal- 
ammAimc and alcohol : 

CN (^ooir 

j -f IfCl + 311^0 - I + + NH'CI. 

OOOC^U- COOJl 

Anononia converts it into ethyl carlwirnato (iirothano). a pnsliict alsf) formal by the 
action of ammonia on clilorocarbonin ether: 

(«\ 

I > NIP CNU t Nil-.COOC-JI*. 

COOC-ii' 

In like manner mHhyUmune and nniiinc - Ahc latter at 100® in seided tubes — convert 
the ether into metliyl- and phenyl-urcthime. '* 

Nascent hydrogen converts ethyl cyaiiocjirboiiate into the ethylic ether of amitlacetic 
acid (ethyl-glycocino) : , 

CN ('n-(NH*) 

I + H« - j 

CO.OC''ll* CO.Ot'-'IP 

Tho reduction must bo effected by hydrkAic acid: for^ith scsbum amalgam in alka- 
line solution the reaction above described with alkalis trikes phico ; and with zinc 
and hydrochloric acid, it is Ihr tho rnqs?. pjirt tho same as with liydrochloric iicid 
alone (Weddige). Acconling to Angel bis, on the othc'r hand (Brut. Chew. Ges, Ber. 
viii. 309), a mixture of ethyl cyanocjirbonute and zinc, heated with hydrochloric ainil, 
yields a large quantity of pure glycocine, * 

Methyl Cyan ocarh onatc, CN.CO-CI? is prefKired by tho action of phosphoric 
anhydride on methyl oxanuito, mid purified in the sami? manner as the ethylic ether, 
which it closely resembles. It is an cfhewa!, strongly refracting, pqngent'smolhng 
liquid, lighter than water, very soluble in alcohol and ether, insoluble iu water. Jt 
boils without decomposition at lOO'-lOP, and bunjs writh a blue faintly luminous 
fiame. By water it is decomposed more quickly than the preceding compound, and 
resolved into hydrocyanic acii, carbon dioxide, and methyl alcohol. Hydrogen sul- 
phide converts it into methyl sulphoxamatir : ^ 

CN . CS.Nll^ • 

i + : 

COOCH^ CO.OCH* 

Isobuty l Cyanocarbonntr, CN.CO*CH*CH(CIP)* prepared like the pwicetling 
compounds, is a Limpid liquid boiling at 140®, and having a pungent odour recalling 
that of isohntyl alcohol. It diss<ilvcs easily in alcohol anil ctlier. Tait is insoluble in 
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water, winch decomposes it much more slowly than the ethylic or mothylic ether. 
It burns with a bright flame (Weddige).^ 

f P'oLyMKItlcOYANOCAKBONIC COMPOUNDS. 

« 

• Ethyl Paracyanocarb^nnaiey ?iC*H*NO-. — When ethyl cyanocarbonate is 
saturated with hydrochloric acid gas, and the liquid is heated to 100^ for several hours 
in a sealed tube, or left to itself at tlie ordinary temperature for a few weeks, a crys- 
talline product is obtained, having the same percent^e composition us the original 
cyaiiocarbonic other. The ssiiiio crystalline product is obtained by the action of bro- 
mine under pressure, but a bromiuateft product not very easily separated is formed 
at the same time, so that the former method is to be preferred. 

Paracyanocarbonic other crystallises in perfectly developed six-sided prisms which 
attain a considerable size, especially when formed by the gradual action of hydro- 
chloric acid at ordinary temperatures. It is nearly insoluble in cold, and sparingly 
soluble in hot alcohol ; still less easily in ether and in benzene, also in water whether 
hot or cold. It melts at 165°, but cannot be distilled or sublimed without decompo- 
sition ; yielding, when heated above its melting point, a thick brown liquid, and 
emitting an odour like that of the alcoholic isocyanides ; consequently its vapour- 
density cannot bo determined. As it is solid at ordinary temperatures, whereas the 
cyanocarbotiic ether previously described is liquid, it is inferred to be a polymeride of 
the latter, w(CN.CO®C''*IP) ; but in the absence of a vapour-density determination, the 
value of n cannot be fixed. * 

ISthyl paracyanocarbonato, treated with caustic potash- or soda-solution at ordinary 
tempera turo.s, yitslds paracyanocarbonato of potassium or sodium ; but when boiled 
with th(^ alkalis, it is resolved into ammonia and oxalic acid and ethyl alcohol ; 

CN.CO^C’H* -f II-O + *2K01L - NH» + C*0*K» -i- C^H-O. 

It is likewise decomposed by concentrated acids, hydrochloric acid for example, with 
formation of oxalic acid. 

Paracyanocarhonio acid, C^lfNO®. — ^Tho potassium salt of this acid is pre- 
pared by mixing the finely triturated ethylic other with pure potash-ley, and leaving 
it till onljr a small quantity romainsLundissolvcd, and the liquid exhibits a neutral re- 
adied From the solution thus obtained, hydrochloric acid throws down the para- 
cyauocarbonic acid, as a white bulky mass, mixed, however, with potassium chloride, 
from which it cannot bo completely separated, as it is insoluble in alcohol and ether, 
not quite insoluble in cold water, and decomposed by boiling water. 

The potass^cm salt, CN.CO^K, is the only one of the paracyuuocarbonntes which 
crystallises well. It is obt^iinod in long needles by slow evaporation in a vacuum, 
and is decomposed by boiling its solution with formation of poUissium oxalate. The 
silver salt, CN.CO'Ag, is obtained, on addition of silver nitrate to the potassium salt, 
as a yellow precipitate insoluble in 'nitric acid. The calcium salt is white, and dis- 
solves in acoric acid, and in excess of W'ater. Acefate of lead gives a white crystalline 
precipitate, nitrate of sitver a vollow precipitate, soluble in ammonia, and reprecipi- 
tated by nitric ^acid. The ^rciiric and merifurous Balts are white and yellow 
respectively ; the chic and cadmium salts white ; the iron salt brown, and the copper 
salt green, • 

Methyl xParacyanocarho7iate, CN.CO^OH*, may be prepared by heating 
methyl iodide and the silver salt with Idlcohol in sealed tubes to 100° ; also by the 
polymerising action of hydrochloric acid«on. methylic cyanocarbonate. It forms small 
needles molting at 134°. , 

Isobutyl Va^acyanocarbonate melts at 158*^. 

» Paracyayiocarbamide, ON.CO.NH', formed by the action of warm aqueous, or, 
better, of alcoholic ammonia, on ethyl paracyanocarbonato, is a white amorphous sub- 
stance nearly insoluble in water, alcohol, and ether. When heated it volatilises with- 
out previous fusion, giving off brown vapours with alS odour of hydrocyanic acid. 
Acids and alkalis do not act iy>ondt in the cold, but convert it into oxalic acid when 
heated. By boiling witli amieous ammonia, the amide is converted into 

ammonium cyanocarbonate, just as oxamido is converted into ammonium oxumate : 

OONH- CO.Nll’* + 1J"0 - CONH^— CO*NH« 

OxauiitA.'. Aninionium On 


CH— c^NH^ + H"0 = CN~CO*NH* 

ai 40 cur Luuu idc. Cy auofsurbotiale. 
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Paracyanocarbomethylamide, GN.CONH(CH*), obtained like tho precading 
compound, with methylamine iuataad of amia#niii, dittsolvoa easily in hot alcohm 
and water, and crystallises on cooling in tine white needles having a silky lustre, 
which tliay lose when dried. It melts with deoumpoii^tiou at 260'^, and behaves at a 
higher temperature like the amide, sieconiposing with emission of browif vapours, and 
emitting an odour like that of the uitrils. # , 

ParacyaHocarbophenylamide, CN.CONH(C’*U*), pruduoud by boiling together 
equivalent quantitiew of ethylic cyaiiocorlxuiato and uiiilino in alcoholic solution, is 
eomewhat sparingly soluble hi hot alcohol, from which it cryslalliscM on StHiliug in 
slender lomoU'ycllow ucihIIcs, resicuibliiig ehluniiul when dry ; in cold alcohol nntl in 
water it is nearly insoluble. It cannot be sftblimDd without ducoiu^xisition, utul when 
heated above its melting point, it gives off brown vapours hav^ing an ofleusivo odour. 
With acids and alkalis it behaves like the amide. 

The cyan ocarbonic ethers and their derivatives exhibit in all their reactions the 
closest analogy to the chlorocarboiiic com^iounds (i. 916) (Weildige). 

CYJLJTOCIBir. On the presence of Cyanogen in eoiiimerci.il Itromine, see 
p. 3oO. 

Cyanogen is quickly converted into panieyaiiogen by the action of the silent oloctric 
discharge (Berthelot, hull. Soc, Chim, [2], xxvi. 101). 

Ct/anoyen Chloride , — Woilh {^Dcut. Chrvi. Gts. Her. vii. 174ft) observes that tb« 
preparation of this body, by passing cliloring into a solution of mercuric cyanide, is 
often attended with very violent explo-Hions. It is better prepared therefore from 
chlorine and hydrocyanic acid, the reaction then taking pbice without explosion. 

On the structure of Polymeric Cyanogen-coin |_H>uiidH, see Noncki (7)r«/. Chem. Gra, 
Her. ixjt4i ; Chem, Soc. J. 1876, ii. 191). 

CYAJrOMBXO»n-imzC ACZ1>» C«H«N«0V An acid productsl by the 
action of cyanogen gas on barbituric acid. See Uitic acid, Dwimvativks ok. 

CYASrOWB^KXHA&BVS, C‘»H’0N. a-Cvauonaplilha)erio, the iiitril of 
a-naphthoic acid, is produced, together with iia^hthylaniiue, by heating sulplnfcarbo- 
naphthalide with finely divided copper (Weith, brut. Chem. Gcs. Her, vi. 967). 

CYAarOPKBirrZi ABCOBOB, (;«H<(CN)07i (Criess, Deut. Cht^n. Her. 
viii. 869-860). This compound, isomeric with phenyl-carl »imide, N(C0)('*H*, is 
readily formecl by boiling diazocy a nobenzene sulphate writh a large quant.ity of water, 
and evap>rating on a water-lialh, after nontralisiiig w'ith ammonia. It crj^stallises 
from ether or alcohol in small white rhombic prisnis, and from hot wal»'r in rhombic 
plates molting at 82"^. It has an intensely sw’oot and pungent tasto, and smells like 
phenol. On heating it with strong hydrochloric acid in sc»iled tubes in n water bath, 
It is converted into oxybenzuie acid ; v 

c*nxcN)OH + 2U=o = c*n*(eoqi)on + nip. 

This alcohol, as well as the cyrfaamlino from which it hii^i been dcrivc<l, ln»loiigs 
therefore to the meta-series. # 

Isocy anophenyl-chloride or Pkt nylic iHoayano chhjrikr^ C'lP.Nt -Cl'-f, 
produced by saturating a solution of phenyl thiocarbiniiclc in chloroform with cliloriue, 
has already been described (p. 602). 

cnrjLinnukTa or ojulmstbabbi, (C<o»Nir)».c»o»N»H^ (Grimaux, 
Bull. Soc. Chim. [2], xxi. 163). This compound, polymeric with ethyl oxalnrute, 
(C*H*N*0*.C®H*), is formed when cyanic acid vapmr is passed into fuscHi oxamethano 
(m.p. 116®~I17®). It is beat j>repared by pacing the vapour evolved by heating 
3 granis of cyanuric acid int*j a vessel containihg 5 grams of pure dry oxainethamr 
heated in an oil-bath to 130®; treating the product with #30 to 40 grams of Isjiling # 
water; filtering; and purifying tho noodles which crystallise out (if they are still 
mixed with oxnmethane) by r^rystaUisatioii. 

Oxamethane cyannrate ciystallises in shining brittle needles, nearly insoluble in 
cold water, soluble in about 30 pts. of boiling wat^r. ^At 166®-! 60® it melts a 
pasty mass, and is resolved at a higher temperature into cyanic acid and a rrystullino 
sublimate. On boiling it for a few roinutof with milk of lime, and filtering, the 
filtrate deposits hard shinixig prisms of calcium oxamate. AniTnwUa added to the 
aqueous solution of oxamethane cyanurate throws down crystals of oxamide, and 
baryta-water produces a precipitate of bari um cyauur£to. 

CYClkAJMCZW. This glucxMtide, obtained by He Luca from the tubers of C^tdameti 
europ€tum (ii. 204; 2nd Suppl. 418). has Ijeen further examined by L. Mutachler 
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{Liebiff*8 Annalan, clxxxv. 214). It is oxtructod Iroui the tubers with alcohol of 
70 per cent., and after treritrneiit witl^animal charcoal, forms a dazzling white powder, 
or white granules mudt*. up (jf microscopic needles. It is very hygroscopic, easily 
soluble in weak spirit, and nio^e or less soluble in methyl and amyl alcohols, ethyl 
acretate, aud ftlyccrxn ; insoluble in ether, chlorofqrm, carbon bisulphide, benzene, and 
^ potrolcinri spirit. Cyclamin is inodorous, but has an extremely acrid and bitter taste; 
its dust excites violent sneezing. It turns browli at 100®, and melts at 236®. The 
aqueous solution is opalescent, froths like soap-water, and produces a white precipitate 
in alkalmo solution of cupric oxide, but does uot reduce copper, oven on long boiling. 
Strong sulphuric acid dissolves cyclaniin with red colour ; on diluting the solution with 
water, the colour disappears, and ainihite precipitate of cyclanii retin is thrown down, 
glucose remaining in solution. This decomposition of cyclamin into cyclamirctiu and 
sugar is effected also by heating its aqueous solution to 96® for some time ; by heating 
the dry substance to 1 00® ; by prolonged exposure of the solution to direct sunshine ; 
by the action of emulsin or bcer-yoast ; but most easily and completely by the action 
of dilute hydrochloric acid. 

Cyclamin closely resenildes saponin in phy.sical aud chemical characters, and is 
probably identical with it. 

Cyclamitetin^ is a white, amorphous, inodorous, aud tasteless powder, 

dissolving in alcohol and ether, but not in water, melting at 198®. It is colourc^d 
violet by sulphuric acid. By fusion with potash it yields formic aud butyric acids 
and other products. Niti ic acid acting upon it produces resinous bodies, and ultimately 
oxalic acid. * 

Primulin^ the substance e*xtracted by alcohol from cowslip-roots (iv. 725), appears 
from Miitschlcr'a experiments to be identical with cyclamin. 

CYUXBlfrilf The identity of the cymunes obtained from various sources 

has bJen demonstrated by the experimenta of Wright luid .others, al ready. Jtescribed 
(2hc/ Siijrijl. 419 ; sec furtlier Beckett a. Wright, Ch^m. fioc. Jour, 1876, i. 1), Wright 
has biiieu established ike identity of the eymeiies from absiiithol and citronellol 
(pp. 1, 520) with the rest, and Fittiea {Liebu/s AnualeUf clxxii. 303) has examined 
those obtained from camphor, ftychotis oil, aud thymol. 

Tnymocymeno W'hs i»repured uy boating together 4 pts. of thymol and 3 pt. of 
phosphorus pentasulphido in tine powder in a Ihisk with inverUitl conden.ser ; much 
Hulphufotted hydrogen Mas evolves], and thiocymene (b, p. 230®) was simulUineousIy 
formed ; the hydrocarbon isolated from this by fmctional distillation, troalm«int with 
boda-ley, and repeated distillation over sodium, boili'd at 175® (mercury-column wholly 
ill the vapour), and dissolviMl in strong sulphuric acid without evolving sulphurous 
acid : this serves us a good test of purity. 

i^tycliuti H cy nieun was prepared by fractional distillation of the expressed oil of 
VtychotU AJowaii, the xxjrtion boiling at 170®--2l0®, being lieattsd with sodium and 
treaty with dilute sulphuric acid and potassium dichroniatc, or with dilute permanganate 
of potassium, until it would boar the test of Hulpliuric acid. The purified product 
boiled at 176’^-176® (mcrciiry-colifmn wholly in the vapour). 

Camphor cy men e wtis projm'ed by actin^pn camphor with phosphoric anhydride, 
in quantity sufficient to form (theoretically) cymeno and metaphosphoric acid ; the 
yiidd is thus 6tV-80 por cont.^ whereas Pott’s motho<l Mjitl' peutasulphide of phosphorus 
gives only 25-30 per cent. ; after purification as before, this specimen boiled at 175® 
(mercury-column wholly in the vapour)* Beilstcin a, Kupffer ibund the same 
nmuber. 

These ttirou hydrocarbons were oiudibcd by dropping into gently boiling red nitric 
acid (sp. gr. 1*5) ; in each case nitrotui^iic acid melting at 189® was produced: hence 
all these are methyl-propyl- benzenes (i.^f^ Suppl. 302). By acting on them with 
broiniuo, in prosouce of iodine, a bromocymenc was produced, boiling at 228®-229® in 
each case, aid by oxidising this with dilute nitric acid, bromonifro((>/uic acid melting 
at 204^-205® was fornuKi. Strong colourless nitric acid converts these cymenes into 
mfrocymem'i; of two kinds, one («) tluid and incapable of distilling unaltered (save 
in a wciium); the other (/5) crysUdline, aud melting after due purification at 125®; 
by oxidation the tluid variety yielded a nitrotoluic acid different from the above- 
mentioned body, melting at^l89*' ; the barium salt of this acid was readily soluble in 
water, and Vry stall ised therefrom in starlike needles ; the acid itself was soluble in 
450 p»irts of water, and was readily sbluhle in alcohol of 90 per cent., and sublimed 
without melting ; the solid nitrocymone yielded on oxidation a third modification of 
nitrotoluic acid, subliming without previous melting, practically insoluble in hot 
and in cold water, and orfiy .slightly soluble in alcohol of 90 x>er cent. ; it is not, 
however, yet decided w'hether this product is homogeneous, or a mixture of isomeric 

I'ouqKMinds, 
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The cymene-flulplionateg of liarium prepared from tliese tliree substances contained, 
in each case, (C**H«^0»)*Ba.3H*0. • 

The same pn^rties are exhibited by normal propyl-methyl-beneeno pronared by 
the action of sodium on a mixture of broiuoto!iieDe«(m. p. 29^) and j^ormal propvl 
bromide dissolved in pure anh^rdreus ether. This hydrocarbon boils at 17d^-17b^; 
gives paratoluic and terephtbalic acids by oxidation witli^nitric acid and chromic aci<k 
respectively ; and is converted by iNiming nitric acid into a liquid and a solid nitro- 
cymene identical with the iiitrocymenes ol>tained from the sources above mentioned, 
the solid modification melting at 126'^, and the liquid yieldiug by oxidation a nitro- 
toluic acid identical with that obtained from the uitrocymenos above describod. 

Hence it may be inferred that Ptychotia oil^hymol, and camphor yield one and 
the same 03^1006, and that this hydrocarbon is identical with normal propybniethyl- 
benzene and not with isopropyl -met hyl-bcnzone, the contrarj' result obtained b3' other 
experimenters Supply 302) being doubtless attributable to the imperfect purity 
of the materials used. 

For the preparation of cymene from camphor, Patern^ heats a mixture of 780 
grams camphor, 100 red phosphorus and 2Go flowers of sulphur, and boils the fua<^ 
mass us long as h3*drogCD sulphide continucH to W evolved. This is preferable to 
Pott’s original method of heating camphor with ready-formed pentasulphidc of 
phosphorus, as the action is much more regular. 

Cymene from 'ISirpeniine oil . — Kekulo a. liruylanie (XW//. CAem. Oe$. Her. vi, 437) 
have obtained C3'mene by the action of ioding on tiir^KUitina oil, the iodine being added 
by small portions, and the liquid each time heatetl till the reaction is ended, before 
another portion is added: these precautions are mt'cssary on account of the violence 
of the action. The liquid is then heated for some time in a flask attached to a 
revere^ condenser, afterwards repeatedly distilled, and the more fluid porticA^.of the 
produ(£ls washed with potash-solution and rectified. Hy this process, flO grams of 
turpentine oil and 23 of iodine 3nold about 10 grams of cyniono. A h3'drocarboD of 
higher boiling point, probably colophonc, is also formed at the samo time. The 
formation of the cymene takes place by addition of 1 mol. iodine to 1 mol. turpentino 
oil, forming the compound and the rosclution of this compound byprf-longod 

heati^ into 2HI and 

Riban {Bull. 80c. Chint. [2],xx, 100, 244) obtained cymene, together w-ith torebene 
and other hydrocarbons, by the action of sulphuric acid on turpentine oil, ^Wright 
{Chem, 80c. Jour. 1873, 700) supposed that the C3'meiie thus obt4iined was originally 
present in the turpentino oil, and was not produced by tlio oxidising action of the 
sulphuric acid, inasmuch os by careful treatment of turpentine oil with sulphuric acid, 
he obtaincni only very small quantities of siilpliurous acid, wlmreas by distilling the 
product with steam, and subsequent fractional distillation, ho obtained aljout 3 per 
cent, of cymene. Riban, on the uther hand, while ndniitiing that emdo oil of tun^eiitiiie 
sometime.s conbiins cynicne, states that, iu the exp rimonts alsivo referred to, m? used 
perfectly pure turpentine oil boiling at li>6'^-160 \^and obtained from ib by treatment 
with the smallest possible quantity of sulphuric acid, from 7 to 8 per cent, of cymene. 
He also finds that, on treating turp4«itine oil w ith sulphurie. licid at comparatively 
low temperatures, considerable quantities of sulplnirous^cid are given oflT and 7 to 8 
per cent, of C3rmpne is produce^ He i:hcrefope maintains that cymonc» is formed from 
oil of turpentine by the action of Nulphuric acid, oven in Uio cold, according to the 
equation : 

- Cni'* f 80- + 2H»0. 

♦ 

These results, obtained by Kiban, are corroborated by Wright in a subsequent com- 
munication {Chem. NeteSf xxix. 41)^. 

The identit)' of the cymene friSm turpentine^il w'ith that obtainorl from camphor, 
has been demonstrated hy PaternA ( Getze. chim. ifal. iv. I J 3) by a comphvifvm of the 

cymene-snlphonic acids obtairif'd th<*rr»frnm. 

Cymene is one of the coiistituents of KiicalypliiH oil (llornoyer, ylrcA. Vhann. [3], 
V. 385). ^ 

The hydr<icarlK»n oalhd oblainwl by distilling worm-sets] oil wdth phos- 
phorus pentoxide (ii. 298) or pentasnlpliide (GnmU*, •//rr, v. 1ms lieeii shown by 

Faust a. Homeyer {ibuL vii. 1427) to be identify! with cymene. * 

Jfeactums. — 1. With OxidiMt^ Agente. — Cymene (from terpone), heato*! for several 
hours with a mixture of 1 pt. nitric nci<l, sp, gr. 3 '35, aral 3 pta. water, yields a laiwo 
qimntity of t<*rephthalie acid and a small quantity of fi||ratoluic acid (in. p. 178°). 
Similar results are obtained with cymiooe from l^ion oil (Opponheim, /irr. vi. 915). 
Cymene from Ptychotis oil yields by oxidation with dilute* nitric acid, chiefly iolaJc 
acid ; w'ith chromic acid mixture, terepbthalic and acetic acids (J^amlolpli, Und* 937), 
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2. With Iodine chloride, — Cymene treated with iodine chloride, yields perchloro- 
benzene, perchioronj ethane, and perchlotfethane (Kratft a. Merz, ibid. riii. 1045). 

3. With Broynine.- '^hon cyinene is heated with excess of bromine, in presence of 

aluminium brflniide, tohiene pedtabromido (in. p. 282®~283®), and isopropyl bromide 
(b. p. 60‘^-C3®) are formed. /The reaction, which tal^es place at 0°, is represented by 
the equation + 5l3r^ — 4lIBr4' G^H’Br+ C^IVBr*, and is a striking in.stence of 

tiio decomposition, at a compjiratively low temperature, of an aromatic hydro- 
carbon, with formation of a body belonging to the methyl series. The products are 
obtain^ fh quantities corresponding almost exactly with those required by the abo7e 
equation. • , . 

The formation of isopropyl bromide in this reaction ma^ be explained on two 
hypotheses: (1), that the cymene employed has the constitution of isupropyltoluene, 
and is resolved by the action of bromine into its constituent radicles ; (2), that the 
bromide in question is formed by the addition of HBr to propylene, this body being 
produced according to the equation, + 5Br®r= C’H*Br® + 5HBr + C*H® (Gustavson, 

Bidl, Sttf. C/ihn. [2], xxvi. 346). 

Bromoosrmene, C'“H*®Br. A solution of this compound in xylene, mixed with 
a little ethyl acetate, is residily attacked by sodium -amalgam, with production of 
mercuric cy mi 1 i de, Hg(C*®H*®)*, which crystallises in matted needles, soluble in 
benzene and xylene, melting at 134*=*, and subliming without decomposition. 

Bromocymene, heated to 100^ with a mixture of strong nitric and fuming sul- 
phuric acid, yields two crystalline sulpho^ids which are difficult to separate (Paterno 
a. Colombo, Bdr. x. 1749). 

Clilorocymon«»,0*®n**Cl = C«H»Cl<^^^, (E, t. Gerichten, Ber. x. 1249; xi. 

364). tjhlurine in presence of iodine acts readily on cymene (f^om camphor), Ikrming 
a nearly colourless chlorocymone, having a density of 1’014 at 14°, boiling a* 208°— 
211°, and yielding by oxidation with dilute nitric acid (after five hours* boiling) a 
chlorotoliiic acid, C“H*Cl(CH*)(CO®H), which crystallises in largo laminm melting 
at 196*J, When, on the other hand,c^monc obtained from thymol is boiled with dilute 
nitric acid for fourteen days, the liquid on cooling deposits crystals of an acid which, 
when purified by solution in potash, precipitation by hydrochloric acid, conyersion 
into bar^im salt, and separation therefrom, crystallises from alcohol in long needles, 
the analysis of which agrees, not with the formula of chlorotoluic acid, C'*ll’ClO*, but 
with the formula, G‘®H‘'ClO*, which maybe that of methylchlorhy drocinnamic 

»cid, or that of a chlorinated isoracridoof ciimic 

Xgh^cipcooh 

acid. ^HVCl 

\COOH 

V. Gerichten represents the consVitiition of the two ehlorocynienes, and of the acids 
which they yield on oxidation by Uio following fq^miilie : 

Chlorocymeno from cymene (C*H^ I Cl : 011*= 1 : 3 : 4) ^vos by oxidation 
clilorotoluic acid; COOH : Cl . CH* — 1:3:4.’ 

Chlorocyraene from thymol (C*H^ : Cl,’ CH* = 1 : 2 : 4) gives an isomeride of 
chloro(‘\imic acid (COOH : Cl : C*H^ =* 1 : 2 : 4), or else nicthyl-chlorhydrocinuamic 
acid (CIRCmCOOH : Cl : CH=»-:l : 3 : 4). 

Xritrooymenes (Landolph, Ber. yi. 936), Two mononitrocymenes, C'*H‘*NO* 

( a and ^), are obtained from camphor cyihone. The nitration is best effected with 
nitric acid of sp. gr. 1*4, at a tomperiiture of 40°-60^ ; and on washing the product 
with aqueou»* sodium carbonate and water, and distilling it with Bteam,a-nitro- 
^.ymono passes over as a light yellow liquid baying a faint odour of cymene, a density 
of l'(>385 at 18°, and not volatile without decomposition. From the small quantity 
of resinous residue of the distillation, iS-nitro cymene may be obtained by ciystal- 
lisatioii from alcohol in iiooillos molting at 124*5°. * 

a. Nitroj'jmene, oxidiseti with chromic acid mixture, yields a nitrotoluic acid 
which is very slightly soluble in cold- water, somewhat more easily in hot water ; 
crystallises from dilute alcohol in small needles or laminse ; sublimes without previous 
fusion ; and forms a barium salt which dissolves readily in water, and ciystallisea 
from the concentrutod solution iu stellate groups of slender needles (compare 
V. 862 ). 

Binitrocymeno, is obtained by tlie action of nitric acid, sp. ay. 

1*6, on cymene (from Ptychotis oil) in the form of a liquid which may be purified by 
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distillation with ateam. Sp. gr. = r2u6 at 18® ; 1*204 at 21®. Together with this 
dinitrocjmene there ia also fonned a small ^antity of a body melting at 178®— 180® 
(trinitrocymene ?) and a uitrotoluic acid dimreiit from that which is piwhiced from 
a-nitrocymeiie. This nitro-acid melts at diascdven sparingly in ctild, 

more freely in hot water, and crystallises therefrom^in tufta of h)iig ■'lieedles. From 
alcohol, in which it is easily soluble, it crysttillisos in needles. 

Another dinitrocyinene, solid vit ortlinary tem}>cnitures, is obtaiiiotl by leaying 
coal-tar cymene for several days in contact with hiining nitric acid. It is nearljy 
insoluble in cold alcohol, and only slightly soluble in hot alcohol, from which it 
separates in small colourless crystals melting at 206® (A. Bommior, ItHli.*Soc» Chim, 
[2J, xix. 434). ^ 

TAW or TRZOCmiBVB* C'*H*VSII (Fittica, 
AnnaUn^ clxxii. 324, Bechler, J. pr, Chem. (2), viii. 107). Fittica prepares thymo- 
thiocymene by heating thymol witli a quantity of phosphorus trisulphide sumcient 
for the formation of phosphorous acid. From the product of this reaction, pure 
thiocymono is easily obtained by fractional distillation, as soarcel v any cyniono is 
formal at the same time. The same com {found is Ibrrncd in sniull quantity in the 
preparation of cymene from thymtd by the action t>f phosphorus pentasulphide, and 
may be separated by agitating the {>orr.ion of the distillate boiling between 210® and 
240® with mercuric oxide, boiling w'ith alcohol, and decomposing themerciiry-com|x>und, 
which remains after evaporation of the alcohol, witlv hydrogen sulphide. 

Thymothiocyniene is a nearly colourless liquid which l)oils at 230®-231®, does not 
solidify at — 20®, and has a peculiar pungenttkiour, not at all like that of the mercaptnus 
of the fatty group. Sp. gr. *= 0*989. Its mercury salf^ forms greenish 

rhombohedrnl crystals melting at 78®, rather sfiaringly soluble in alcohol. The trad 
Halt, (C**Il'*.S)'**Pb, obtained by precipitating tho alcoholic solution of the thj|pc^>Tneiio 
W'ith Aad acetate, ciystallises from alcohol in golden -yellow needles. On dropping an 
alcoholic solution of thymothioc 3 rmone into alcoholic silver nitrate, n yullowtsh pre- 
cipitate is formed which soon becomes dirty-white and reiiiaiiis Hinorphoiis. 

Thymothiocymene, oxidised with nitric acid, yields a sulphotoliiic acid difFcrcnt 
from that which Flesch obtained by similar trc^lnnuit of carni>hor-cynieiio (2?^^ Svppt. 
421), This result, together with tho charactoni of tho mercury and silver sails, and 
the boiling point of the mercaptan, shows that the thiocyment s from thymol and from 
camphor are not identical but isomeric. 

The thiocymenofrom aimpluir has l>c»en further cxaniinod by Bcchler, who prepares 
it by treating the potassium salt of tin* corresponding cymeno-Hulphonic acid with 
phosphorus pentochloride, and reducing the cyincne siiljdiochlorido tlierob^ obtained 
with xinc and dilute sulphuric acid. It is a colotirh^s, strongly refracting liquid, 
having a disagreeable sweetish odour, a sp. gr. of U*996, and boilin')^ at 233®. It 
volatilises with vapour of water, is insoluble in water, but easily soluble in alcohol 
and ether. The mercury-compound, (C**ll*’8)^ilg, rrystalliscfS from alcohol imueedles 
having a silky lustre. The lead-compound is yellow, uncrystallisable, insoluble in 
water, nearly insoluble in alcohol, but very rasHy soluble in ethesr, from which it 
always separates os an oil, which scltdiflos to a mass resembling colophony. 

Camphor thiocymeue docs not yield any definite products with potassium perman- 
ganate or with bromine. The reacti<^ii with permangaftate is energetic, and attended 
-with coDsidorable evolution of heat. 

The methylic ether of camphor thiocytt^ne, C'*II'*.i:5CII*, is obtained by adding the 
calculated quantity of sodium to an ethereal solution of tliiucyincno, an^l mixing the 
product with an equivalent quantity of mothfrl irxiido, keeping the mixture orx»l in 
lx>th stages of tho reaction. It is a strong^ly Refracting, rather disagreeably smelling 
liquid, having a specific gravity of 0*986, and l>oiling at 244®. On passing the vapour 
of this ether over heat<^ turnings, and treating the resulting bydroearbon 

-with nitric acid, an acid C*Z1^0H*)*.CO^lI is former), which dissolves iu«!ratcr, alcohol, 
and ether, and sublimes in fine while ucerlles. Tho hydrocar}x>D (dimethyl-hcuzonS) 
obtained by distilling this acid with quicklime, yifhis, on oxidation with chromic acid 
mixture, acetic but no isophthalic acidi noeillo-shapcrJ crystals iiroi%. however, found in 
tho condr*nsiiig tube, which ti^pcKircd to consist of phthalic anhjdrirlo. Hupposing 
tliis to bo the case, the results above deHcrils*rl may Ixi rpc plained by assigning to f:aju- 
phor thiocymezio the constitution ropreseutod un p. 624, the 811 group b^ng arHacrnii 
to tho methyl group. On treating this compound as abovo described, tho hydrogen 
in tho 8H group is first replaced by sodium, and this again by methyl. The sulphur 
is then removed, Itaviiig ortluxlimethyl-proftyl-I^ciiKene (tho two methyl groijiis con- 
tiguous); this hydrocarbon, treated with nitric acid, ytelA tho acid C*JI*(Cll*)*.CO*II, 
tho propyl group being replaced by and this acid, distillo^I with lime, yields 

ortbodimcthyl-l^nxene, couvertiblo by oxidation into phthalic acid : Uius — 
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Camphor thiocympne. 
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CH* 




Orthodimethyl- 

pn>j}ylbenzeucu 



Orthodimethyl- 



COOH 

Phthallc 


acfd. 


The thiocymene from thymol will represented by a similar formula, in which 
the SH group is contiguous to the propyl group, and the corresponding pxycymenea 
will have the formula represented below; *' ' 



CH» CH» 


Camphor Th3nnol. 

oxycymene. 


(mmiig’a-SVliPHOSrXC a-cxa, When /S-nitrooymene is 

gently heated with strong sulphuric acid, the product poured into water, and tll !9 
mixture M eft to cool, a cymeno-sulphonic acid separates out, diiferent fronto that 
previously described {Ist Snppl. 420). It is nearly insoluble in cold water, and 
crystallises from hot water in thick microscopic prisms molting at 177® (Fittica, 
Deut. Chem, Ges. Ber. vii. 1300). 

Cymenesulpkamide, 0'°n**.SG.^,NH*, produced by the action of alcoholic 
ammonia at 120°- 140® on cymenesulphochloride, forms small white laminae, which, 
when puriflod by recrystallisation from boiling water with the aid of animal charcoal, 
meltatlt\1°. On mixing its soluti^i in boiling water with 1 mol. silver acetate, 
likewise dissolved in hot water, a white precipitate is formed, consisting of silver 
cymenesulphamide, C‘®H‘*.SO*.NHAg. 

Cymenesulphinic acid, The zinc salt of this acid is formed bpr 

the action of ztne-dust and water on cymenesul phonic chloride, and the acid itself is 
obtained by decomposing this salt with sodium carbonate, and the resulting sodium salt 
with hydrochloric acid. On agitating the liquid with ether, and leaving the ethereal 
solution to evaporate, the cymenesulphonic acid remains ||s a yellow syrup but 
slightly soluble in water. The silvol*, copper, and lead salts are obtained as precipi- 
tates ; the potassium salt by neutralisation and evajyiration in colourless crystals, which, 
when pressed and air-dri od, have the composition C*®H’*SO*K + 3 The silver 
salt, treated with, the iodides of ethyl and propyl gave syrupy ethers which were de- 
composed by distillation (Berger, Ber, x. 976). 

CTMY&-PBBXrr& JUITOK'S, C^»H'’.CO.C«H^ See Kbtombs, Arowatic. 

O'TXTAJS'CROXi. This name wa^ given by Butlerow {LUbi^i AnnaUn, clxxx. 
349) to a substance crystallising in needles, and in plates, which he obtained from the 
sap of CyynatkcKum wntuntj a creeping plant of the Apocynaceous order, growing in the 
neighbourhood of the river Oxus, where it is regaSrded as very i^isonous, and es- 
pecially dangetous to camels. Butlerow did not, however, succeed in extracting any 
pbisonous principle from it. According to Ilosse {ibid, clxxxii. 163), the so-called 
cynanchol is a mixture of ochiccrin and ochitin (substances existing in t)ita bark, 
the former crystallising in needles, the latter in plates.; jTo effect their se|^»aTation it is 
necessary to operate on large quantities of material. 

OYVlUBOava. From tHe leaves of Cypressus pyrhmidatis, Hartsen {Compt. rmdL 
ixxxii. 1614) obtained an amorphous yeilow substance soluble in alcohol, and precipi- 
tated by an alcoholic solut ion of neutral lead acetate. The fruits of the rame plimt 
yielded a substance crystallising in prisms, soluble in alcohol and likewise precipi- 
tated by acetate of lead, «■ 

OYaYXani (ii. 300). The behaviour of this substance witli various reagents has 
been studied by Dewar a. Gamgro {Pharm. J. Tirana. 1870, p. 385). On adding am- 
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moniacal silver nitrate to a solatioti of cjsUne in stroi^ aqueons ammonia, no altera- 
tion ti^es p^ce at ordinaiy tem^ratar^ on adding nitrio add, a eanarj-yellow 
pmipitate is formed, apparently consisting of a compound of cystine with silver 
nitrate; the filtrate blackens when heated. The ammoniaeal solution of cystine, 
mixed only with silver nitrate, dj^posits silver sulplflde when heated, Without formation 
of sulphuric or oxalic acid. On Heating cystine with caustic soda, sodium sulphide Js 
form^ ; with baryta-water at the products are barium sulphide and sulphite, 
with traces of thiosulphate.'' On heating it to IdO** with alcoholic potash, distilling 
off the alcohol, and exhausting the acidulated residua with ether, there obtained, 
aftor evaporation, a non-cr^'Btallising subetanno free iW>m sulphur and having a strong 
acid reaction. Cystine treated with sine un^ sulphuric acid gives a considerable 
quantity of hydrogen sulphide (taurine similarly treated gives none). Qystine heated 
under Wfiterynth nitrous acid dissolves, forming a door liquid, which contains sul- 
phnvio but no oxalic acid, and reduces silver nitrate. 

X H. M^ler (JgmtMfhr. Anal. Chtm. 1873, 234) lias examined urinary calculi of the 
siae of peas oensum^ of pure cystine. For the recognition of this substance, be 
recommepd# difsolving. it in potash-ley, and testing the solution fer potassium 
. sulphide with a nitropmsside. 

L. Omelin assigns to cystine the formula 0*H^NS0*. It appears, however, from 
the experiments of Dewar {Phamn. J. IVana. [3], vii. 144), that cystine treated with 
nitsoos acid yields a product agreeing in its characters with the syrupy modification 
of pyruvic atud, 0*ID0*. Hence it is probable that cystine has the constitution of 
amidq-thiopyruvic acid, C*H*NO*S, and coq^ins only 6 atoms of hydrof^on. Dewar 
iiudsf moreover, that cystine treat^ with sodium-amalgam does not yield alanine, 
C’H’WO* : In-nce it appears that the sulphur is not replaceable by hydrogen. The 
ration of cystine to pyruvic acid may therefore probably be represouUd as follows : 

> « CH» OH»(NH») 


Ac 


JO.OH 

pyrurio acM, 


io 
I: 


'O.SH 

f'yBtlno. 


The quantities of cystine, urea, and uric acid contained in the urine oxcrotwl in 
24 hours, on 14 consecutive days, by a patient s^fferin^ from cystinuriii, Wvo boon 
determined by W. F. Ldbiseh {JAefn^^a Amuil&nt 231). The mean numbers 

found wore for urea 33*28 grams, for uric acid 0 5645, for cyetino 0*^303, the quan- 
tities of urea and uric acid exhibiting no deviation from the nornml amounts. Xiobisch 
is of opinion that the alleged decrease in the oxcrctiun of these substances in previously 
described cases of cystiuuria must have been duo to changes in the ort^nism accom- 
panying the oystinuria, but not necessarily connected with it. 


J) 


a>ik]l8]ICAXA xasxw. KauH or Covod^. Gum. — This gum-resin, the produce 
of Dammara australis^ a laiigo tree growing «n Now Zefilarid, was examined in 1843 
by R, C, Thomson (ii. 301), and h^s lieon further examined by M. M. F. Muir {Cfiem. 
Soc. J. 1874, p. 733), who finds that it has a specific gravity of 1*042, and is paitly 
soluble in water, portly in alcohol, and partly in ether. The alcolfolic solution 
contains traces of benzoic and succinic acids. It is very strongly attacked by chlorine', 
bromine, and concentrated nitric acid, and dissolves at ordinary temperatures in strong 
sulphuric acid, forming a red luuid from which water throws down a white substance. 
In solutions of caustic alkalis it swells up and partly dissolves. Bv dry distillation 
it yields a volatile oil which boils between 166® and T66% and gives by aqplysis 79*07 
per cent- carbon and 10*90 hydrogen, indicating the formula C**H**0^ (Thomson found 
82*2 carbon azid 11*1 hydrogen). 

JIAMOmura. On Damourite accompanying Corundum, see Gentb (J, yn*. 
Chem. [2], ix. 49; Jahreth. f. Chem* 1873, 1161). ^ 

SATSff* The kernels of dates have been analysed by F, U. Storer {Bulletin of 
the Buemf InetUuie, i. 373), with the following results: 

3rid Sup. S S 
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A OarboliTdrateB 

Water Proteida and Fat Cdinlose 

9 27 1 04 6*46 « 61-17 23 06 « 100. 

The dry organic matter amounf^ to 89‘70 per cent., the fat to 8*50, and nitrogen 
to 0*86. These results show that dates form a valuable article of food. 

* X>AT0XJCT8« This minWal occurs, associate^ with garnet and vesuri an, in a 
limestone at Santa Clara, California. It is colourless and crystalline, but does not 
exhibit distinct faces, sp. gr. *= 2*988. Analysis gave — 

BiO“ B’0» CaO H*0 

38*02 21*62 ^ 33*87 5*61 « 99*12 

(J. L. Smith, SUL Am> J. [3], viii. 434). 

The monoclinic character of datolite, first demonstrated by E. Dana, has been con- 
firmed by an examination of the optic and thermic characters by C. Bodewig {^ogg. 
Ann, clviii. 230; Ch€7n, Soc, J, 1877i ii. 170). 

SiLTITRA.. On the chemico-legal detection of Datwra Stfanwmwm^ Atro^a 
JSelladonnaf and Hpoacgamua niger, see Wasilewskj {Chem, Centr, 1877> p. 0 ; Chem, 
Soc, J, 1877, ii. 934). 

ieA.tr88B8XilT8. This name is given by J. L. Smith to a sulphide of chro- 
mium (62*38 per cent. Cr and 37*62 S), occurring as a coating and in veins of certain 
concretions found in masses of meteoric iron from the Mexican Desert {Sill, Am, J, 
[3], xii. 107 : Jahrb.f, Chem, 1876, 1314)^ 

SikVaRBXTE. An oxychloride of bismuth from the bismuth mine of Con- 
stancia in Bolivia, where it occurs somewhat abundantly, as a yellowish or greyish 
earthy mass containing a largo quantity of opaquo crystalline nacreous plates, which 
sometimes give it almost a fibrous texture. Hardness to 2-5. Sp. gr.=a6*4^o 6*6. 
Analysis shows it to contain 72 60 per cent. Bi'-O*, 22*52 BiCl®, 3*84 IHO, and 0*72 
Eo*0*, a composition which, neglecting the water and ferric oxitlo as unessential, l<*ads 
to the formula BiCl^.4Bi*0*, intermediate between those of the two known .artificially 
pre^arejd oxychlorides, BiCl*.2Bi®0* and BiCl*.6Bi*0* (Domoyko, Compt. rend. Ixxxii. 

SAVWVMT* A metal recently discovered in Kussian platinum ore by S. Kern 
{Compt.*.<iend, Ixxxv. 72; Chan, xxxvl 114 ; Chem. Centr, 1877, pp. 562, 692). 

The ore, containing 80*03 per cent, platinum, 9*16 iridium, 0*61 rhodium, 1*36 osmium, 
1*20 palladium, 0*46 iron, 0*28 ruthenium, 1*02 copper, was treated by Bunsen's 
methra {Phil. Mag. [4], xxxvi. 263 ; Jahrh, f. Chem. 1868, 280), to soparato the 
motals, and the mother-liquor which remained after separating the rhodium and 
iridiitm was heated with excess of chloride and nitrate of ammonium. The dark red 
precipitate thereby formed gave on ignition a grey metallic mass resembling plati- 
num sponge, and this, when fuseii before the oxy-hy'drogen blowpipe, yielded the now 
metal in the form of a metallic button having a silver-white colour (0*27 gram from 
600 grams of the ore, or about 0*045 per cent.) 

The atomic weight of duvyum is nearly 154.^. Sp. gr. 9*389. Tho metal is hard, 
but malleable when hoated ; it is easily attacked by aqua regia ; very slightly by 
boiling sulphuric acid. A sohitiou of the chloride gives with ^tash a light lemon- 
yellow precipitate easily soluble in acids, oven in strong acetic acid. Hydrogen sul- 
phide faems n brown precipitate becoming ■ black when dry. Potassium thiocyanate 
colours the solution deep red, and in a concentrated solution forms a red precipi- 
tate. which, when dried over sulplmricincid, yields red crystals of davyum thiocyanate, 
changing when heated in a sand-bath i^^to a black mass having the same composition 
as the crystals. An acid solution of the chloride gives with potassium ferrocyanide a 
brown precipitate. 

Da vyunt chloride forms crystals easily soluble in water, alcohol, and ether, and 
"ilbsorbing but little moisture from the air. When heated before the blowpipe it is 
converted into the monoxide, which is insoluble in all adds except aqua regia. 
Davyum chloride unites with tho chlorides of potassium,xnmmoniuin and thallium,^ jrield- 
ing double chlorides in the form of dark c^stals uightly soluble in water, insolu- 

ble or nearly so in alcohol. sThe sodi»m salt is nearly insoluble in water as well as 
in alcohol, a character which distinguishes davyum from all the other platinum- 
metals, the sodium double chlorides of which are easily soluble in water. 

Davyum cUorlde dissolves easily in potassium cyanide, the solution yielding on 
evaporation prisms of p o tas^si um-da Vjjrum ey a n id e, the potassium in which may be 
replaced by various otlier metals, forming soluble double cyanides. 

Davyum sulphate, obtained by heating the metal with sulphuric acid, is a 
yellowidi-red powder nearly insoluble in water. The sulphide, obtained by paasing 
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e through the add aolutioxtof a daTyum salt, is a broinK predpitate 
i tanis black when dry, and dissolres .^ the sulphide of the alkali -metals^ pro- 
bably forming sulphur-salts. 

On the spectrum of daryum volatilised tn the electric are, see Cbipp/, rmtL \xxrr, 
667; C^em. Centr, 1877, 754. ^ 

UAWSOirXTM. This minenl occurs in the clefts of a trachytic rock situated 
to the west of HcGill College, in Canada. It has a fibrous texture. Hardness « 3. 
Sp. gr. »2*40. li^ite. Transparent. Before the blowpipe it turns deep jollow 
and swells up. Dissolves with e^rvesccnco in hydrochloric acid. Two analyses 
gave-— 

CO* Al*0-« CaO MgO Na*0 WO n"0 810* 

29-88 32 84 5 95 trace 20*20 0*38 11*91 0*40 - 101*56 

30*72 32*68 5*65 0-46 20*17 — 10*32 — * 09*99 

(Harrington, Canadian NaiuralUi^ vii. 6). 

xrjBCAjMtOMooiVHapmkAimrs. 8ee Pksntuucikks. 

See NAFirrHAr.iBinBi. 

KTb C”H*0\ This acid dissolved in phosphorus 03 ^- 
chtoride reacts with the pentnchloride in such a mamnor as to form ajekydracetic cA/o- 
rirfc, C*H*OK51*, that is dehydnicotic acid in which two hy*droxyl -groups are replaced 
by chlorine. This substance crystallises in roddisli needles which melt at 101°. It 
is decomposed by distillation sc, but volatilises with water- vapour. Vnien heated 
to 200'’ with M'uU^r, it is converted into delifaracotic acid. 

Dehffdraceiamidey is obtained by evaporating a solution of dehydra- 

ectic acid in aqueous ammonia, or by evaporating a solution of the ethyl ether of the 
acid in alcoholic ammonia. It is a crystalline substance melting at 208 and 
dissol\^g easily in alcoiiol, ether, and hot water. It sublimes without deoomposi- 
tion. 

Dehydrcucetanilide^ C*H^O*.NHC“H*, is formed by warming the acid with excess of 
aniline.* It ciystallisos In white needles, which dissolve in alcohol and other, melt at 
115°. volatilise w-ith aqueous vapour, and dOdompose when heated. It dissolves 
in dilute hydrochloric acid, and forms a very unstable double salt with platinic 
chloride. ^ 

Moiwcfdorodehydraceiic acid^ C^H’CIO*, obtaincri by passing chlorine into a solu- 
iion of the acid in chloroform, ctystalliscs in noodles which melt at 93-'. 

Monoliromodehydracetic acid, C'H’BrO^ is formed on boating a solution of the 
acid in chloroform to 30°~40° w-ith bromine. It is a yellowish crystallino body melt- 
ing at 134° (Oppenheim a. Precht, D^it. Chem, licr, ix. 1090). 

,Sco ACKrONAMlKK.H (p. 31 ). 

This resin, which exudes from Gardenia ludda, an 
East Indian plant, has a well-markwl odour, is yellow when powdered, and dissolves 
with yellow colour in alcohol (0-83isp» gr.), the solution having a fine yellow colour, 
w-ith a well-marked greenish tinge. •' It is neutral to litmus paper, but is coloured 
deep greenish-brown by ferric chloridy. Fujswl with cgustic potash Jt yields a sub- 


portion of dckamali is also soluble in alcohol, |.nd yields with load acetate a yellow 
precipitate, lead also romaining combined in solution. Tho precipitate yielded on 
decomposition a small quantity of resin, and* tlfb solution appeared to contain a resin 
melting below 100°, and yielding by analysis numbers approximately represented by 
tho formula, C“H**0* (Fliickiger, Pkartn, J, Tram, [3], vn. 589). 

3>S3bPBUfZVS. On the separation and estimation of this alkaloid, see Plakt-'' 
JtASXS. 

l>S3birBlT3CZTX- This npnoFal occurs in nodules with botryoi'dal sur&cea on 
veins at the outcrop of brown haematite. Its colour is brown, liver-brown, chestnut- 
brown to black ; fracture conchoiidal ; lustre pitchy. ‘It in brittle, and falls to pieces 
after a while, in consequence of gradual desicca^on. When air-dry it still contains a 
considerable quantity of hygroscopic water, which it loses after soma time over cal- 
cium chloride, but recovers on exposure to the sir. After gentle ignition, whereby it 
loses all its water, it forms a brown-red powder, and mel^ before the blowpipe to a 
grey magnetic bead. The specific gravity of the air-dried mineral varies between 


• With tfiMic of ferric oxide, 

s s 2 
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1-85 awl 2*25, iiv^reasing as the quantity of hygroscopic water duuinishes. When 
oompleli!0y fre^ from hygroscopic wat^by drying over calcium chloride, it has a sp. 
gif; of 2*697~2’707. It dissolves very easily in cold strong hydrochloric acid, with separa- 
tion of flocks of silica, forming a brown solution. In warm acids, even when very 
dilute, it dissolves with unusual facility. In water many varieties decrepitate but 
irithout disintegrating ; others do not decrepitate at all. 

The chemical composition of the mineral driediover calcium chloride answers most 
nearly to the formula, 2CaO.P^O* + 6Fc’*0*,P®0® + 16H*0 ; it may also be nearly re- 
presented, by Ca0.2Fo®0*.P®0* + 7H*0 (Vala a. Helmhacker, Jahrb. f. Min. 1875, 
817). 

l>SBC&OkZZTS. See VANADifiTBS. 

BBWA&QVXTS. See Abdbknitb (p. 119). 

BSOXYSBlTKOZir, ^C«H\CmCO.C«H* {2nd Suppl 176). This 

compound, heated to 150^ in a sealed tube with alcoholic potash, yields stilbene 
hydrate and the potassium salt of di ethylcarbobenzonic ac id, C**H**0®, This 
acid crystallises in white needles, soluble in alcohol and ether, and yields a white 
soluble sodium salt, and a white, amorphous, sparingly soluble silver salt. By the 
action of an ethereal solution of ethyl iodide, the dry silver salt is converted into ethylic 
diethylcarbobenzonate, which is a heavy oily liquid. Nitric acid dissolves dieth^lcarbo- 
benzonic acid with a transient red coloration, and on addition of waterdi ni trodi e t hy 1- 
carbob enzonic acid, C‘*H‘*(N'0*)®0*, separates out as a white flocculent precipi- 
tate. On crystallisation from hot alcohol it yields white needles melting at 166*=^- 
166^, and soluble in 26 pts. of boiling acohol. By fusion with excess of alkali, 
potassium diethylcarbobenzonate is split up into potassium diothylbenzoate and 
potassium benzoate. 

By^hoating to 150^ in a sealed tube a mixture of deoxybenzoin and a so^jition of 
potassium hydroxide in normal propyl alcohol, there is formed stilbene hydrate and 
the potassium salt of dipropylcarbobenzonic acid, This acid crys- 

tallises partly in long thin plates and partly in heavy octohedrons. The octohedral 
crystals melt at 90®, and are easily soluble in alcohol and ether, whilst the thin 
plates^ are loss soluble in these liquids, and melt at 139°. The latter yield with 
nitric acid rhombic plates, melting at 176®, soluble in 40 pts. of boiling alcohol, and 
havingj^e composition of dinitrqdipropylcarbobenzonic acid, C’"H“(N0*)*0*. 
The octohedral crystals yield by nitration a resinous body easily soluble in alcohol. 
Pseudopropyl alcohol does not act on deoxybenzoi'ti in the same manner as the normal 
alcohol. 

Booxy benzoin heated to 140®-142® with a solution of potash in isohutyl alcohol, 
yields the potassium salt of di-isobutylcarbo bcnzonic acid, C**H''“0*, which 
acid crystallises in rhombic plates melting at 148®, and soluble in 20 pts. of boiling 
alcohol; and with amyl alcohol in like manner, diamylcarbobenzonic acid, 
is obtained in long thin needles molting at 160® and dissolving in 28*5 pts. 
alcohol (Zagoumenny, Deut, Chem, Ges. Bar. viii. 265 ; Lieb. Ann, clxxxiv. 163). 

BBOXTOXilITAJMriC AOZB, syn. with |?^ormai. PyrotartAric acid 

BXOXnKBBZT'Slb €|^2>X. See Mbsittl Oxide. 

♦ »■ 

BXOXXVBOXOXX. See X^oJiokb. 

8IBXTXXir» C*H*®0*. Manu/aotuflf. — Anthon {Dingl, pol, J, ccxviii. 182; 

ccxix. 457)k prepares dextrin from the entire substance of potatoes in tlie following 
manner. The bruised potatoes are exhausted with acid or alkaline water, then washed 
and dried, and the dry substance, altc^r being finely pulverised, is moistened with 5 to 
10 per cent, of its weight of silicofiuoTio^ av borojlucrio acid, then spread in the drying 
rooms on linen cloths, and heat<^, first at 33°-d4®, then at 70®-75®, till its weight 
becomes cotistant, and finally for half-an-hour at 90®. The starch thus thoroughly 
^ dried is placed in tin-plate dishes, and heated in a salt-bath to 100®-120®, till a 
sample taken out, cooled, and moistened with cold water, forms transparent vitreous 
globules. Good results were obtained with 10 pts. by weight of potato-starch dried 
at 40® -50°, aud 6*5 pts. of silicofluoric acid (1 pt. of acid at 6® Bm. to 7 water), the 
mixture being heated to 10^® fer nine hours. 

Pnryioaiion and Properties, — According to C. O'Sullivan {Chem. Soe, J, 1872, 580), 
dextrin, whether prepared by the action of acids, or of malt-extract (diastase) on 
starch paate, always contains sugar, which cannot be separated from it by mere pre- 
cipitation with alcohol, bu^only by fermentation with yeast followed by repeated pre- 
cipitation with alcohol. In this way a product may be obtained, which^ when boiled 
for twenty minutes with Fehling's copper solution, exerts a reducing power equivalent 
to only 2 per cent, of glucose. 
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Tho poriBed dextrin tbas obtninad is a whlta brittle pdwder, aometinies oontainidg 
sbiaiDg particles, vbich, when examined b|f the microecoM exhibit no <? 

crystallisation, but appear as fracture*eurfacd$. When dried oTor sulphuric add ^ 
retains a molecule of water (C*H**0*.H*0), which i^giren off at 1(W®* It dissolves 
very easily in hot water, with ris^of temperature if previously dehydrated. It is not 
perceptibly soluble in cold alcohol. Its specific gravit>is 1 *08846, and its rotate;^ 
power [a] » +213®. Soluble starch coloured blue by iodine exhibits the some spectflo 
rotatory power. 

When a solution of dextrin is subjected to the prolonged action of malt^sx tract, its 
reducing power is gradually increased, the dextrin being converted first into maltose, 
and ultimately into dextrose (see Sugars ). 

Bondonneau {BuU. Soc. Chitn, [2], xxi. 60; xxiii. 08) also finds that commercial 
dextrin cannot be purified from sugar by precipitation with alcohol, but that a perfectly 
pure product may be obtained by boiling tlie dextrin with an alkaline solution of 
cupric chloride. Dextrin thus purified mves with iodine a dark red coloration, whi(^ 
disappears at 40°, but reappears on cooling. It gives no brown colour with caustic 
soda, no precipitate with ammonhical silver solution or gold chloride, but is precipitated 
by bi^yta-wHter, and by an ammoniacal solution of load acetate. 

From further experiments, Bondonneau infers that tlio first product of the action 
of dilute acid u{>on starch consists wholly of dextrin (not of a mixture of dextrin and 
glucose, os assorted by Musculus, Ann. Chim. Phys. [3], lx. 203), the dextrin being 
convoiled into sugar only at a lat<?r stage of the process. By drying the mixture in 
the cold before saccharification was completed, and extracting the soluble portion 
w'itb cold water, ho found this portion to consist of 13*7 per cent, glucose and 86*3 
dextrin, whereas, according to the t^uation, 4C*1I*®0* + H®0 *» C" 11**0* + 3C*1I**0*, 
given by Musculus, which assumtjs the simultaneous formation of dextrin and glucose, 
tlic pryportion of the latter should bo at least 25 per cent. (Cbwip/. rend. Ixxri. 972). 

Detection of Dextrin. — According to Hager {DingL pof. J. ceix. 398), an admixture 
of dextrin with gum-arabic may be detected by laying about 20 lumps of the mixture 
in a porcelain basin, drcuching them with a mixture of equal parts of ferric chloride 
solution (sp. gr. 1*480 to 1*464) ..nd distilled wa</cr, and leaving the liquid Us> act on 
them for 30 to 60 seconds. If the basin be then quickly inclined, the lumps of dextrin 
■will roll, while the gum will adhere to the bottom of the basin. 

E. Reichardt {Arch. Phann. 13], v. 602) found dextrin in I ho urine diabolic 
patieute who had been drinking the ■R’ators of Carlsbad, the dextrin making its ap- 
pearance after the sugar hud diminishcHl in quantity or disappeared. It was separated 
by treating the concentrated urine with potmih and alcohol. The rcsultingprecipitat**, 
after washing with alcohol, exhibited the composition of dextrin, re<luc!ra Fenling's 
solution, not imuiediately, but after some time, was coloured red-browm by iodine, and 
couvci+od into sugar by ho^iting W’ith dilute sulphuric aci<l. 

On the Fj^timation of D<'Xtrin in I'Vrmunted Liquids, sf>e B/tclianip {J. Pharm. 
Chitn. [4], xxi. 458 ; Cficm. Soc. J. 1876, i. 762). 

Xaomerlo l>estrliia. The dextrin w*hich Biot a. Persoz obtained by the 
action of sulphuric acid upon starch' (ii. 312) becomes blue with iodine. B4champ 
described as dextrin a substance which did not become coloured, and attributed the 
reaction of Biot*s dextrin with iodine to the presence of soluble starch. Accordinf^ to 
Nasse, the violet or rod tint which dextrin is usually said U> give witli iodine is a 
mixture of a blue depending on soluble starch (amidulin), ami of a rod due to dextrin 
proper. B^chaznp's dextrin, which does not hcconie coloured, is designated by Nasse 
08 cUxtrinogeth. Griessmayer finds that fllterea starch -paste is gradually converted, 
first into a dextrin which gives a red colour*wftb iodine (dextrin II), and afterwards 
into a dextrin (I) which is not coVurod by iodine {2nd mppl. 1009). Briicke ( Wien. 
Akad. Ber. Ixv. [3], 126) distin^ishes the latter as achromodextrint the former as 
crythrodextrin. Ho findsthat neither erythrodextrin nor achromodextrin reduces com 
per solution ; and that the reduction of copper by commercial dextrin is due to the 
presence of sugar. According to Griessmayer, crythrodextrin has a greater affinity 
for iodine than starch. Bruc^, on the other hand, finds that the blue colour of the 
starch appears before the red of the orj-tbrodextrin^ when the two are present to* 
gether, at ordinary temperatures (18° C.), though at hi^er temperaturowtfae affinity 
of the two substances seems to be equal. • 

Dextrin may be separated from starch by a modification of Griessmayeris method, 
viz., precipitation of the starch by means of tannin ; but in order to se|»arate the two 
substances, e^hrodextrin and achromodextrio, from eoch other, the best method, 
according to &wcke, is to fractionate with alcohol. First the starch is precipitated, 
if it has not been previously removed by the tannin, then the eiythrodextnn, and 
lastly the achromodextrin, which generally carries with it a certain proportion of 
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sugar. A part of the acbromodextrin ie also carried down with the er^thrudextrin, 
60 that) when only email quaulities are^iesenti it is not easy to obtain exact quanti- 
tative results. 

According to Bondonneau i^Cof/ipU rend* Ixxxi. 972, 1210 ), dextrin is suBceptiblo 
of three isomenc modifications, o, /3, 7 , which ar# produced in succession by the 
action of dilute acids upon rtarch, and finally converted into glucose. On adding 
alcohol to the mixture at an early stage of the reacHion, a precipitate is formed con- 
sisting of two dextrine, one of which (a) is identical with the dextrin produced by 
roasting, b^tng coloured red by iodine, whereas the second (;3) is not altered thereby.'*' 
As the action proceeds, the proportion of a-dextrin diminishes, and finally the precipi- 
tate formed by alcohol consists wholly^pf jS-dextrin, not coloured by iodine, and identical 
with the dextrin produced by the action of diastase. The alcoholic solution now con- 
tains, in addition to glucose, another non-reducing body, namely 7 * dextrin, which is 
soluble in absolute a/cohol, net coloured by iodine, and is very easily convetted into 
glucose by the action of dilute acids. The same bodies (a-dextrin, however, in very 
small quantity) are formed by the action of diastase. Both a- and /S-doxtrin are 
de|»sitM from solutions of 24°-26° Bm. cooled to + 1 °, in the forih of milky masses 
which become transparent when warmed, and then dissolve completely on agitation. 
This reaction is not prevented by a small quantity of glucose, but is stopped by a large 
quantity. Diastase, even at ordinaiy temperatures, quickly converts a- into ^-dextr^n, 
without sensible formation of sugar, the ^-dextrin not undergoing any further modifi- 
cation. In warm solutions the a-dextrin disappears almost immediately, and by pro- 
longed action the resulting /3-dextrin is almost wholly converted into 7 -dextriii and 
siigar. 7 -dextrin has not been obtained pure. Its properties are very much like 
those cf glucosan (ii. 854). Its rotatory power was determined by calculation. 

The following table e: 3 ^ibits the most characteristic properties of the thite dex- 
trins, cdhipared with those of starch and glucose : 


Starch . 



Batatury 

power 

. . 216 

Action uf 
iodino 

Blue 

Action ot 
absolute 
alcohol 
Insoluble 

Poxtrin, a 

. 

. 

^ 186 

Red 





, . 176 

Colourless 


». 7 

, 

. 

. 164 


Soluble 

GIt'.coso . 

. 

. 

. * .. 62 


,, 


Accordinj; to O’Sullivan on the other hand, dextrin exhibits exactly the same 
specific gravity, rotatory power, and other physical propertios, whether in its prepara- 
tion, the action of the acid or of the diastase has been continued till tho product gives 
no colour witl\,iodino, or only till it gives a red colour: hence ho infers that dextrin, 
when properly pxiriflod, is one and the same substance, tho difibront reactions with 
iodine in tho product before purification being due to small quantities of other sub- 
stance/ (p. 628). 

liaXTHOWlO ACXH, According to Reichanlt {Bent, Chem. Gcs. Bcr. 

viii. 1020 ), this acid is formed from soluble starch by the action of Br and Ag’O, in tho 
same manner as from dextrin (2nd Suppl* 424). * 

BSaLTROVXmARXC Aczxi. 8 eo PiMAuic Acid. 

See SuoAMS. 

SZABAJrazra. Liebe’s Jhaba?itachronnyn (2nd Suppl, 424). This highly 
ferruginous variety of chlorite, which gives the green colour to tho diabases of tho 
Voigtland end the Frankenwald, occurs also, together with calcium carboiiatt^ and 
silica, in the cavities of tho amygdaloi(&l ‘diabase which forms one of the varieties of 
trap-rock in the Connecticut valley. A spociraon* oi radiate structure, dork green 
colour, sp. grA »2'70, and harduesa «■ 1 , gave by analysis : 

^3lO• Fe’O* A1*0* FeO MnO CaO MgO Nb* 0 n*0 

38’24 ll-OT 2-26 26-11 041 1*11 16-61 0*25 9-91 « 90‘87 

SiO* re»0».Ay O* Feo, MgO, &c . U’O 

Oi^gen-ratio . . . . 17*73 5*83 12’66 6*81 

Or noaily . . , 4-3 2 6 3 

This ratio is that which is required to form a unisilicate of the pyrosclorite group 
(O. W. Hawes, Sill, Am, J. [3], ix. 464)* 

nZASAMk Microscopical investigations on diabases have been published by J. 
F. Dathe {Jdkrb,/. Min, 1874, 640). He divides these rocks into diab^es proper and 
quarts 'diabases, both containing plagioclase (probably always oUgoclase), augite, 

* The dextrius were purifiiid by Bondoouc&u's method previonsly described* 
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titanic ifon, ma^etic iron ore, iron pyrites and apatite, and the latter also quarts 
and magnesia-iiuca. The angitc and mica give rise to diabantite (2nd Suppl, 424) ; 
calcspar occurs only as a secondary eonsUt^t. 

A diabase from tlie south-west foot of the Lion's Head, South Africa, lias been 
analysed by W. F. Hillebrand (Jahrb. /. Jlfin. 1 81tl, 460). It formtf a vein in the 
decomposed granite, and consist^’ of wine-j'cUow augite-grains, plagioclase, nu^etio 
iron ore, sm^l quantities of chlorite and mica, and a gfecn mitioral distinguishea 
chlorite by its ready solubility in hj'drochloric acid : 

SiO* Al*0> rc*0* FeO CuO MsO K*0 Kik*0 H*0 

52 il 13 04 0-46 8 35 8-36 3'50 1*23 3*24 1*26 A 100*80. 

The following analyses of diabases are gir^ in R. r. Lrasclio's petrographic geo- 
logical observations on tlio west coast of Spitzbergen ; 

1. Diabase scparatoil in voluminous masses, forming a layer 10 meters thick, in the 
triassic layers of the Tschermnk Mountain in the ice-ijurd, and consisting of augito, 
plagiochiee, a chloritic mineral, and titanic iron ; sp. gr, « 2*08, analysed bv Tccla. 

2. Diabase from the (rooso Islumls in the ioc-Qonl ; analysed by U. J^ndstrdm, 

3. Diabiiso from the Norway valley on the headhuid of Saurior-llook in the ico- 
fjord, likewise forming a thick layer in the txiassic strata ; sp. gr. 2*08. 


(l) 

sio» 

50*17 

TIO* 

trace 

AJ*0* 

14*29 

17-87 

CaO 

10 72 

MgO 

5*77 

Ma*0* 

Ka»0 

0*06 

K*0 

0*18 

X* 

0*90^100*86 

(2) 

40*78 

2*07t 

14 05 

14 86 

0*44 

5*65 

0*13 

l-70t 

1*42 « 100 

(3) 

50*06 

tniee 

6*23 

27*78 

10*fl 

5*30 

— 

0*4 . 

0 27 

0*09 100*77 


On (he Diabases of Nassau, see jSandbergor (Ja?irb.f. Min. 1874, 314 ; Jahreah, f, 
Chiui: 1874, 1303). 

On the Diabases of ComuH:Licut, sec Hawes (SUL Am^ J. [3], ix. 185; * Jahreah, f, 
Chim. 1875, 1272). 

»XA.CaTOirAfc»All»TOa or Vimetht/liMtx^propylcarbaminr, C*H*»NO « 
Cll^.CHOH.ClP.cj^j^a ^ forined by the action of sodium-ainalgiqii on an 
alcoholic solution of diacotonainiuo (p. 28). 

OXACSTOlTAlMCZirS, WD*NO. fSoo AciiTONK-iiAsKS (p. 28). 

9XACBTOarZC AXiCOaOIb, Cil'.CO.CU^COU | (IloinU, lAtMg't 

AnnaleUt dxxviii. 342). This com|Xiund is formed by (he action of jwtassium nitrite 
on diucciorjamine. To prepare it, acid oxiilate of dimTetonnniine is aiseolvodi in 3 pts. 
of hot water, and, when the solution bos e<x>letl to 5^ — whereupon it deposits i>art of 
the salt -stdid jxjUissiuin uitrilyo is gradually added to the mass, w'iLh constant stirring. 
'J'he mixture is imniersed in ice-cold water for several da 3 '’s, alLerwards heatpd to 50® 
or 60® ; the oily layer, which separates on the surface and consists for the most part 
of mesityl oxide, is distillcxl off as completely as p issible ; the remaining portion of it is 
separated from (he aque<ms solution by ine;ins of a tap-fnnncd ; and the aqueous solution, 
neutralised, if necessary, w'ith potas.sium carbonate, is shaken up with ether. The 
ethereal extrsict thus obtiiined yiejtls, on treat men tein the ordinary way, a syrupy 
liquid consisting of di{icc t<mic alcohol. 

This alcohol has a density of ()*03th^ at 25®, boils at 163*5®~lfl4*5®, and mixes 
with water, alcohol, and eth<*r. Treat.od with iKxJium, it gives off hydrogen, and yields 
a sodium- derivative, convertible by trealmept with acetyl chloride ihto an acetyl- 
derivativo. The alcohol does not unite with strong sulphuric acid, but when treated 
therewith apTwars to yield mesityl oxide. • ^ 

Oa- CH"— CHOH--CH* 

BXA&BASTBt « || .A compoiuul formed by 

CH--CIiOII-~CH»— COH 

condensation of 2 mols. aldol, w'ith elimination of 1 mol. water, under the 

influence of hydrochloric acid. (8eo Annoi., p. 54.) 

o CH—CH’—CHOH— CH* 

l>ZA 3 b]>AVZC AOZ2>, C*H**0* » || . (WnrU, Campt, 

CH-^CH(bH7--CH»— CXIOU . 

rend. Ixxxiii. 255, 1259). This odd is foimed by beating an aqueous solution of 
diald/inc with silver oxide, or bpr the action of potassium permanganate at ordinary 
temperatures; and is obtained in the free state, either mm its potassium siUt bj 

%' • 

• -Loss by Igaltion. 

t This high mmoimt of tiUmio add Sf oonstdtred by DnMobe os doobtfal. 

I Bftinated bj differenos. 
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means of sulphuric acid and ether, or from the silver salt by hydro^n sulphide. 
When purified by repeated crystallisation, it forms large colourless, shining, mono- 
clinic crystals ; melts at 80°, and boils al^l 98^ under a barometric pressure of 20 n^. 
It is very soluble in water and in alcohol, soluble also in ether. aqueous solution 
has a strong aaUd reaction, and Ijat urates bases completely. The pof€t8SHMn salif 
remains, on evaporation of its aqueous solution, as a crystalline deliquescent 
nfhsB, and separates from boilifig alcohol of 98 per c^ut. in transparent crystals which 
become turbid on exposure to the air. The sodium salt, C*H'*0*Na (at 125°), is soluble 
in water and in alcohol, and separates from the latter in transparent plates. The 
barium salt* is an amorphous vitreous mass ; pulveruleut when separated from the 
alcoholic solution by other. The calcium salt^ (C*H**0^)®Ca, is a crystalline mass, 
veiy soluble in water, but not delique^nt ; crystallises from boiling alcohol on cooling 
in nodules of microscopic needles containing water of ciystallisation. The Hue s^t 
dissolves easily in water and in alcohol, and remains, on leaving its aqueous solution 
to evaporate, as an indistinctly crystalline mass ; the alcoholic solution leaves it on 
evaporation as a transparent varnish. The lead salt is likewise soluble. The silver 
salty C^H**O^Ag, is precipitated as a crystalline pulp on mixing the concentrated 
solutions of the sodium salt and silver nitrate. It is nearly insoluble in absolute 
alcohol, and crystallises on cooling from a boiling aqueous solution in tufts of small 
colourless lEuninm. 

2>IA3bZiikOB. A black diallage, sp. gr. 3*365, from the gabhro of Monte Monzoni, 
analysed by G. vom Rath {ZeitscliT, geoL Qes. xxvii. 371) was found to contain 
45*88 per cent. SiO*, 510 ATO", 12 62 Fo*Q*. 20*30 CaO, and 13*81 MgO« 97*71. 

On the diallagite-olivine rock of Mohsdorf in Saxony, see Bathe {Jahrb, f, Min. 
1876. 226 ; Chem Soc. Jour. 1876, ii. 388). 

BXA.JLB'TB-CABanrOXi, (C*II^)*CUOH (M. Saytzeff, Liebigs Annaletiy clxxxv. 
129 ; 2?fT. ix. 1600). This alcohol is formed by the action of zinc on a mixture oftallyl 
iodide and ethyl formate. The mixture must bo cooled at the commencement of 
the reaction, which is completed by addition of water. The crude product consists of 
diallyl, small quantities of a high-boiling product, auddiallybcarbinol. Tho formation 
of the latter may be represented by the^equation ; 

20»H»I + 2(cn0\cm^) + Zn ^ (C»H*)*CH0H + 2Cmn + 003 + XnO, 

BiaUyl^^'carbinol boils at 161° (<»rr.), unites with bromine, forming a totra- 
bromide, and with acetic anhydride, prcmucing an acetic ether, which again forms a 
tetrabroraide convertible by silver acetate into the acetic ether of a peutatomic alcohol, 
0^Ii“(0.C3H*0)*. This ether boils at 169*6° (corr.), has a sp. gr. of 0*919 at 0°; 
0*902 at 160°, tyid is converted by saponification with alcoholic hydrochloric acid into 

an anhydride of tho corresponding alcohol, C’H»* | 

Dialfylcatbintfl Chloride or Odor anhydride (monochlorheptine), C’H*’C1 »= 
(C*li*)3.CHCl, is formed when penta^hloride of phosphorus acts on the carbinol ; it 
boils between 140° and 146°, but appears in so doing to lose the elements of hydro- 
chloric acid and become partially converted into the<hydrocarbon, (heptono), or a 

polymoridoof higher boiling poi%t. This hydrocarbon is readily formed, together with its 
polymerides, by tbte action of alcoholic petash on ‘the chloride. It Imils at 115°, and 
readily combines with 6 atoms of bromine, forming tho compound which 

probably has the constitution CH*Br— CHBr— CnUr—CHBr— CH*— CHBr— CH*Br. 
and may bo regarded as the hexbroinhydrin of a hexatomic alcohol, and by suitable 
treatment may possibly yield a homologfte of maunite. 

On oxidation with potassium dichromate, and sulphuric acid, diullyl carbinol yields 
formic acid and carbon dioxide ; no acetic acid is produced, and nothing else has been 
isolated from tho product of the reaction ; whence it follows that the structure of the 
alWl groups in the carbinol is CH^zzrOH — CH® — , and not CH* — 01t=CH — , since in 
the latter case acetic acid must have been formed. Hence, and from its mode of 
formation, the formula of the carbinol must be : 

CH^rrCH— CH*— CH,OH--CH»— OiI=CH* 

, . ' C(C*H*)*OH 

SIXAUnoXAUC ACXB, I (M. Saytzefif, Deut. Chem. 

CO.OH 

Gee. Ber. ix. 83 ; LiebUfs AnwUeny clxxxv. 183). The ethylic ether of this acid is 
produced bj^the action of zinc^n a mixture of ethyl oxalate and allyl iodide : 

(CO.OC*H*)* + 2Zn + 2C»H‘l « C*H*O.CO— C(C»H*)*0(ZnI) + C*fl»0(ZnI); 

C»H»O.CO--C(C*H*)*0(ZuI) -i- 11*0 » C*H*O.CO— C(C»H®)*OH + Znl(OH). 
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Ethnic diailyloxalateks a, colourless liquid of fuint ethereal odour, boiling at 213*6®. 
Its sp. gr. is 0*9873 at 0^ and 0-9718 at 18®. When heated with caustic baryta, it 
is converted into barium diallvlozalate, frifes which the ftee acid is obtained by 
decomposition with sulphuric acid. 

^ ni^y^zalic acid ciystailises in radiated groupssof needles, or in Jong bundles of 
niicroscopic rectangular ciystals. < It dUsoires easily in alcohol and ether, sparingly 
in water ; melts at 48*6®, and distils without decomposiflon. ** 

The barium saUt {C*H"0*)*Ba, crystallises in delicate needles, which dissolve 
e^ly in water and alcohol. The sine «a/t. (C*lI**0*)*Zn + formed bv neutral- 

ising the acid with sine carbonate, resembles the barium salt. The lead salt^ 
(C*H"0*)®Pb + 2H*0, ciystailises from concentrated solutions in stellate groups of 
monofdinic ciystals. It molts at 100®, slowly rffving off its water of crrstedlisation. 
The calcium, ammonium, sodium, and silver salts have also been prepared, l^lutions 
of the last turn brown, even in the dark and in n vacuum. 

TetrahromodiaUyloxalic acid, 0“li’®Br*0^ is a crystallino substance, formed on 
mixing a cooled solntion of diollyloxalic acid in other with a slight excess of bromine. 

l>XA&intATBS« Liebig a. W^ohler, by the action of reducing splits on alloxan 
and by that of ammonium hydrosulphido on uric acid dissolved in nitric luud, obtained 
a salt having the composition which they dvsignaud as ammonium 

dialurate; and iSLrecker obtained the corre6|K>D ding potivssium salt by the action of 
potassium cyanide on aqueous alloxan (ii. 315). Acooniiiig to Menschutkin, however 
{lAebig's Annalen, clxxxii. 70), these salts nro derived from salts of another series, 
having, according to analysis, the general firmuia, (M being univalent). 

Of this latter scries the ammonium, potassium, sodium, nnd barium salts liave been 
examined, but their molei-ular constitution is not yet made nut. Both series of salts 
are provisionally called dial urates. 

Ammonium dialurate forms the starting point for the preparation of other 
dial urates. When prepared either by Liebig and Wbhlcjr's process ^by tho action of 
nitric acid on uric acid and sahsequent reduction of tht» product "by ammonium 
sulphide), or by Streckers process (action of ammonia on alloxan in presence of 
hydrocyanic acid), it crystallists in long needles, agreeing approximately .«n com- 
position with the formula, C'H^(NH<)®NK)*®. It is very unstable, and when crystallised 
repeatedly from hot water in presence of ammoiiiuin carbonate, is gradually trans- 
formed into microscopic prisms, which are perfectly constant in coDip(>sitioji,amtl agree 
with Liebig and Wohler’s formula, C*H*(N11®)N*0®. The lat ter salt acquires a roso- 
red colour in tho air. It dissolves sparingly in boiling water, being immediately 
transformed into the salt C’H®(N1I^)’N*0*®. The solution gives by double decomposi- 
tion salts of tho samo series. 

Poiassiuvi dialurate, C^H’K’N^O'®, obtiinod by mixing boiting saturated 
solutions of the ammonium salt and potassium acetate, crystJillises in small noodles, 
which turn raso-red in the air. It dissolves very sparingly in boiling wator’hind is 
completely decomposed on prolougi'd boiling tbcrowiih. By crystallisation in }.(rcBcncc 
of much potassium carbonate it is traoMfonned into a granuhir precipitate having tho 
formula C®H®KN*0®, and identical with Streckers salt. The latter, when dissolved 
in boiling water, is immediately reconverted into the sa|^ C'H®K^N<0'®, in this respect 
resembling the ammonium salt. 

Sodium dialurate, obtained in the sumo way os the potassium 

water, i 
molecuL 

0**H**Na*NK)*®. It does not appear to be cotfvorriblo into tho salt C®H^NaN®0*. 

Barium dialurate, C^H®BpN^O*®, like the sodium salt, exists in one form only. 
It is obtained os a white crystalline precipitau* by addiqg barium chloride;,to a dialurate 
of either series. It is nearly insoluble in water. ^ 

Urea dialurate, CH®N*O.0*H<N*O®. — When a warm aqueous solution of dialuric 
acid (prepared by the action of tin and hydrochloric acid on alloxan) is mixed with 
urea, andleft at rest in a el^^Mtd vessel, stellate ciystals separate out. which, after 
drying in the exsiccator, have the csomposition of urea dialurate. This compoimd 
is sparingly soluble in water, has an acid reaction, an^ gives a flue blse cobjration 
with feme chloride and ammonia. It may b6 preserved without decomposition, but 
when heated to 160® it gives off water and turns red (£. Hulder, JOeuL Cham, Ge§» 
Ber, vi. 1004). 

3»x4u«xDoxnrxjnrsB« Sue BxWZKHll-DKRrTATIVB. (pt 210), 

%OXa, (p. 228 ). 
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DZAMmOBBHOXC ACXB8, (p. 278). 

H®N— CH*— CO*H 

ni:B.KZBOBXPBBBrXC ACXB^ « I (Griess, 

msr— €«H*— CO*H 

DeuU Chem, %Gcs, Ber, vii. * 1609). The 9?^e^a-modification of this acid, 
(CO*H : NH^ = 1 : 3), is formed by boiling metazolybenzoic acid (p. 277) for a con- 
siderable time with tin and hydrochloric acid. It^s isolated from the product in the 
ordinal^ way ; freed from simultaneously formed amidobenzoic acid by exhaustion 
with hot water, in which it is but slightly soluble ; and further purified by repeated 
solution iih hydrochloric acid, decoloration with animal charcoal, and separation from 
the decolorised liquid with ammonia and acetic acid. It may also be prepared by 

• HN— C*H^CO"fl 

boiling the isomeric compound mctahydrazobenzoic acid, I , with 

CO*H 

hydrochloric acid. For the description 6f its properties and compounds, see p. 277. 

Orthodiamidx)dd^hethio acid appears to be formed in like manner by the action of 
boiling hydrochloric acid on orthohydrazobenzoic acid. 

l>XB.»ZX3>0»ril.VBTKikXiB2rB. See Nafuthalene. 

BXikHKXBOSVBPBOBBirZXBB-BXOBBBOarXC iLCXB (Michael a. Norton, 
DcuL Chem, Gea, Ber. x. 680-688). The substance thus named is obtained by the 
action of faming sulphuric acid on paramidobenzoic acid at 170°-100®: 

2C«HXNH*)COOH + HrSO* « 2H«0 + C’^H^N. 

It dissolros easily in liot water, and separates on cooling in tufts of rose-red 
crystals, which dissolve sparingly in alcohol iind other, very slightly in chloroform. 
It dissolves readily in alkalis, forming neutRiI, easily soluble salts. 

ThffamTnonium aalt crystal li.se.s in thin hunium ; \hQ potassium aalt in small qpodlcs. 
The barium salt is very freely soluble in water. Tho lead aalt, obtained by precipita- 
tion, is white, and nearly insJlublo in water. Tho ailmr aolt^ C'^H-®Ag*N=?50*, is pre- 
cipitated in shiaU white laminsc, on adding silver nitrate to tho ammonium salt. It 
is insoluble in cold water, and gradually turns brown in the light. 
BXkMXBOBTSVZiPBOBBirzXBB. Sue Oxysui.PUoi}KNzii>E. 
BXXLBXXllOTOZiVBirB. See Toluene. 


BXiUfffXXfBS* A series of tlls)SO bodies occurring, as secondary products, in the 
manufaeburo of methylauilino, lias lieon d<jscribed by Hofmann a. Martina {Deut. 
Chem. Gcs. Ber, vi. 846). One portion of the basic oils set free by lime from the 
products of the reaction, which takes place in tho autoclaves, may Ijo volatilised by 
steam, but another and a considerable portion cannot bo thus volatilised. This latter 
portion consiSts of oils solidifying at a low winter tcmporatiiro to a buttery mass, 
which may bo freed from adhering oil by pressure between linen, and crystallised 
from bnling alcohol. Tho crystals thus obtained are a mixture of different Ijases, 
one of which, in cousequouco of its superior tendency to crystallise, may easily bo 
sepjiratod from tlio rest. For this {lurposo, the pressed product is dissolved in hydro- 
chloric acid, and the solution, sep^iratod from tarjy matters, is precipitated by potash, 
whereby a brown liquid i.s separated which solidifies after a few Boconds to a crystal- 
line pulp. Thia pulp is preJSiod and dissolvodbin boiling alcohol, and the crystals 
which separate on cooling am purified by rocrystallisation. These crystals melt at 
88°, are insoluble in water, slightly soluble* in cold, easily in boiling alcohol ; also in 
ether and cfprbon bisulphide, llie pure crystals, whicli have the composition C*®II*®N-, 
are well-defined needles having a « splendid silky lustre. Tho hydr ochloride, 
C*®U®*N*.2HBr, is very soluble in watej. The hydro^mnidc, C‘®H*®N®.2HBr, crystal- 
lises in thin rhombic laminae. Tho hydriodidc (brms largo laminae. Tho mcrcfiry- 
oompound is a crystalline precipitate having the coihposition C*®H**N*.2HC1.3HgCl‘*. 

On heating the base to 100^ with methyl iodide, a white gypsum-like mass is 
formed which has the composition C**H^N®.2CH®I, and is decomposed by boiling 
water, 1 mol. methyl iodide being given off, and an iodide being left, which crystal- 
lises in white flattened needles having the composition C**H*®N*.CH®I. This iodide 
dissolves easily in hot alcohol, is precipitated from its Aqueous solution by alkalis, and 
is converted by silver oxide into a strongly basic hydroxyl-compound. Tho base 
IB* therefore a tertiary diamine, and it may bo repfresented by the formula 
C>®H»(OH®)®.[N(CH®)*]». that is to sajr, as benzidine, in which throo 

hydrogen-atoms of the nucleus, as well as tho four hydrogen-atoms of the side-chains, 

NH®, are replaced by methyr. It might also be regarded as 

is, as consisting of 2 mols. of xylidine, C®1I®(NH®).(CH®)*, linked together by the 
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methylene group, CH*, And haying the two hydrogen -atoms of the Ammonm-residue. 
NH*, replaced by methyl, just aa in ethylene-diphenyl-diamine, 

2 mole, of aniline may ^ regaled aa Inked toother by etnylene. The baas, 
does, in fiiet, exhibit in its chemicsl rmationa a very close anally to 
ethylene-diamino, as, for exampl^ in its power of dhiting with 1 moL%f methyl iMide» 

^o^ton Nitrous acid on Diaminos (Ladenburg, DmU, Cham, Gas, Bcr, \x, 219)ii^ 
The diamines of the mota-sories ale converted by nitrous acid into amidaao-compounds. 
Thus, ordinary diamidobenzene or meta-phenylone-diamino, is con- 

verted into triamidazobenzene (phenyleno-brown), and similar compoun<h| are obtained 
frompara-ortho-diamido-toluone, and nitropara-ortho-diamido- 

tclueno. (See Avtdotoi.ttbkks under Tot.iniN%) 

The diamines of the ortho-series behave quite differently. When para-mot(i- 
diamidotolueno, melting at 89®, is dissolved in dilute sulphuric 

acid, potassium nitrate added drop by drop to the cooled solution, and the liquid 

H*Cv 

thou boiled, amidazotoluonc, \C*H 


“^11 , is fanned, crystallising 


from hot toluene in largo transparent prisms molting iit 83® and boiling at 323®. 

Orthodianiidobenzenc (m. p. DO®) yields in like manner nmidazophoiiyioiie, 

C*H*N*, or (I , u’hich crystallises from a mixture of bouzeno and toluene 


in pearly needles molting at d8*5°. • 

A third Ixxly belonging to this gmup is nil r a ni i d a z o p h o n y 1 o n o (a» 3 nitro- 
plionylic acid), C*H*(NO-)N* (iv. 484), obtuiniHl by tlio action of nitrous acid on nitro- 
phcnylene-diamine. 

SXAMOKII. Soo Cauuox (p. 40:2). ' 


cii'.Oii'cri(CH*)> 

9XAam or 91-lBOPnrTTXi, I , This bydru- 

CH».CH>.CH(CHy ■ 

carlK>n, which was fl^t obtained by Frankifyid by tho action of Binc-nm%}gam ou 
amyl-iodido, afterwards by Wurtz, by heating the same iodide with so4lium, has recently 
Ikjcu further studied by Grimshaw (Cham, Jihe, Jour. 1877, ii. 260, 687), who prepares 
it by gradually mixing amyl bromide (30 grams'! *u^ith sodium (60 grams), asd heating 
tho mixture for six hours to 1I0®-150®. The pi-oduct, pundod by fractional distilla- 
tion, Imils at 168® under a barometric pressure of 761 mm. (h'rankland's product 


Ixiilcd at 155®; Wurtz’s at 168®.J 

Chlorine passed into boiling tiiamyl forms a chloride boiling at 198^-213®, and. 
by heating this chloride to 160®-170^ with lead acetate and acetic acul, an ucetato 
is obtained in the form of a colourless mobile liquid having a ple;isaut fruity odour, 
and boiling at 198®-215®. On mixing the acetftto with excess of caustic |X)tiMh and a 
little water, leaving tho mixture to itaelf for twenty-four hours, and then Imiting it t<» 
boiling for six hours in a reflux apparatus, two alcohols are producinl, one of which 
btuls at 202®-203®, the other at 21»l®-“213®. lloth are liquids liaving a faint colour 
and a pleasant odour. On heating a mixture of the two alcohols with potassium 
dichiomate and dilute sulphuric acid, ami diM'llhig tli^ product, a watery and an oily 
distillate were obtained, tno fomuT containing ;icetic acid, and the latUsr yielding, by 
further oxi^tion and distillation, an itcid whoso silver salt was found to confjiiii 


63-66 per cent, silver ; apparently, therefore, a mixture of actJtate (64-6Q per cent. Ag) 
and valerate (51*67 per cent.) • 


3 >ZAmXCAMIOMWXOJrZO JLCWOf An acid, the potassium salt 

of which is formed by beating deoxybonzoin with a solution of potash in amyl alcohol 
(p. 628). 

DZAUnxnnilf When ordinary amylone or trimothyl-etliylone (b.p. 3^®) 

prepared by dehydration of tertiary amyl alcohol, [CH* — OH* — COK(CH*)* *» 
H*0 + CH* — CH=i::C(CH*)*}, is briskly agitated in a glass tube with roodorately strong 
sulphuric acid (sp. gr. 1*64) fte tube being well c^Ied, it is converted into a diamy- 
lene, which boils at 154®-ld6®, and appears from i|a oxidation-productS'—ocetic acid, 
carbon dioxide, and dkmyleno oxide — to be identicalSith otdinary dkunylene (2a^/ 
Suppl, 64), (Widinegra^fcy, Deut, Chem, Gas. Bcr. viii. 434). 

The structure of ordinary diamylene may therefore be represented by tho formula 


(CH«)*C-<Jn~CH* 

I ! 

CH*)*C— CH— CH* 


e 
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is fom^ by heating dichlorhydrin (1 mol.) with 
excess of aniline (4 mols.) to 120^-130^ far sixteen to twenty hours. It d^tallises 
in white needles soluble in dilute acids. The solutions decompose when heated, or 
after long stancNng. The platmdbhloride forms yellow-red crystals (Claus a. 
Porrenberg, DeuL Chem. Get, ^er, viii. 242). 

See MoBPHima. * 

See Bixtrst (p. 332). 

See Mriaminr. 


maTSUBXC ACXB. See TaftEBic Acid. 

X>XAZO-COMPOTOX>8. The view generally entertained of the constitution of 
these compounds, is that proposed by KekuU {let 8uppl. 209), according to which they 
all contain the diazo-group — — , united on the one side with the univalent 
benzene-residue C*H*, and on the other side with another univalent group ; thus, 


Diazobenzene Nitrate 
Diazobenzene Sulphate 
Diazobonzene Chloride 
Diazohenzone Bromide 
Diazobenzene-potassium 
Diazobenzene-silver . 
Diazo-amidobenzeno . 
Free Diazobenzene 


C«H»— N— N— NO* 
C-H*— N=:N— SO<H 
N=rN— Cl 
C»H»— N~N— Br 
C*H'»— N=z:N— OK 
C«H»— N=N-~OAg 
C«H*— N— N— NH— CW 
C«H»— N—N— OH ? 


Another view, originally suggested by Strecker {Deid, Chcm. Get. Ber. iv. 786), and 
further jpveloped by hlrlonmoyor (i!oid, vii. 1110), represents them as ammonium 
compounds constituted according to tlio goiioral formula, 


B— N— R' 


diazobonzene nitrate, for example, being related to aniline nitrate (aniidoboiizetie 
nitrate) in the following manner : 

-■ C*I1»— N— O.N6e C“H»— N— O.NO“ 


i ll' 


that is to say, the reaction of nitrous acid on aniline nitniito consists in the roplaco- 
ment of 3 hydrogen -atoms in the phenyl-ammonium group by 1 atom of nitrogen, the 
nitric acid residue as well as the phenyl remaining united with quinquivalent nitrogen- 
atoms of phenyl-ammonium. 

Fro© diazo^Dzeiio is either an ammonium hydroxide or its anhydride ; thus, 
C«lp— N— OH ' C^IP— N— O— N— 0»H^ 

y,' . ;']] 

* Hydroxide. « * Aubydrldc. 


The compounds of diazobenzene with metals, ^x>t{is8iuni for oxamx^le, and diazu-amido- 
bonzeuo, may bo represented respectively by the formulae : 

C'H*— N— OK • C'H»-N— 




N 


while the perbiomide and diazubonzenimido may be represented as follows : 
C«H*--N— Br C?*H»— Nv 

Ill , Ui>^ 

Br— N Br 

Port}romide. DUoobenaeulm^. 

For Griess's forniulse of thediazo-amido compounds, ^ p. 216. 
9XJLXO*AXraaiBAQ17XXrOVaU ^Seo Antuuaquinonh (p. 98). 
X»XASO-Cn»BOXi. See 2nd Suppl, p. 932. 

SXAXO-OBTHOAMIXirOFAAATOXliVnraBinLPBOmO ACX2>. 

TuLU3INK-BUI*FHOmC AciDS. 

HXABO-OXBWWBOXO ACXXI. See Bkhzoic Acii> Dkbivativks (p. 277). 


See 
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^ DIAZOPHENOL— DIBBNiffrL. 

OH^NK). Thia eompouBd is fanned, logger with the two 
ciretallised monoiiitTOphenole, when gaseous nitrogen trioxide is passed into an 
ethereal solution of phenol. The reaction may be represented by the ibllowing 
equations ; 

C«H»OH + 2N*0* - 0«HW0.+ H*0 + NW 
and 2(0*H».0H) + MK>* « 2(C«HMro*OH) + HK) * 

The diazophenol separates in the* form of a well crystAlised nitrate (Weselsl^, WtM. 
Ahad, Ber, 1875, p. 9). 

3»ZAZ09SnnrZi.8iriiVSinuo ACZ1». See PmxTL^suLPHuuu) Acid. 
OlUUVUJmsa, KH(C’H*0)*. See Bbnzamidii. 

]>ZBSVX0'n-AimntA.V2«AiV10 AOZB. Seo Aicticbaflatxc Acid (2nif 
SuppL 88). 

2»ZBBVSOTXi-BaMrXX»l and BXBBWUnrBBTJE^BBlfXaBrB. See 

DlBBNZTCrBBNZRXB (p. 639). 

BIBBVXOVX-BBVZOZO AOXB. See Brnzoyl-brnzoic Acin (p. 312). 
OZBBH’KOYXi-OOBBZWB. Soo Codrinr under Opiow-basrs. 

BZBBMYOYB-WABBTBOZiS. Soo NAriiTHOi.N. 
BZBBWZOni^BZiirOBBSGBZSr. Soo Flvorrschik. 


BZBBVKVX, I .•This hydrocarlwn should bo formed by 

C*1I»— CH* 

heating barium phenylacctato (a-toluate). (C*H’CO^)^Bn, with sulphur, according to 
the equation : * 

R— Co'l®" + S - BaS + 2C0* + R— R, 


which, M Hadziszowskt has shown {Deut CAem, Oes. Ber. vii. 143), represents in 
genoral tho action of sulphur on the barium w/ilts of aromatie acids. Aojording to 
the samo chemist, however {ibid, viii. 758), tho hydrocarlx}n forme<] in the case under 
consideration, is not dil>onz^l but stillMme, tho reaction l>eing attended with 

evolution of h)^drogen sulphide as well as carhen dioxide ; Uius ; > si* 

C‘H» -CH*— CO» t C«H»- CIl 

+ 2S - II + BaS 2CO* + H*S 

C«H»— CH»— CO* f OH*— CH 

This result is doubUess to bo attributed to the action of sulphnr at high temperatures 
on the diben 2 yl formed in the first instance. ^ 

Bibensyl is formed, toother with Iieiizaldehyde, deoxybonzoin and water, by 
subjecting benzoin to distillation, or passing* its vaTOur through a red-hot tube 
(Zinin, Beut, CAem, Gen. Ber,^ vi. 489). It is also formed by beating tolane, 
0**H**, with hydriodic acid ana red phosphorus (Burbier, Compt. rend, Ixxyiti. 
1772). li • . 

CryetaUine Form , — Dibonzyl crystallises in monoclinic prisms having tho follow- 
ing axial ratio : ^ 

a (clinod.) : h (orth<xl.) : c (principal axis) 

1*27026 : 1 ♦ ; 2*91583 


Anglo a :#-lbl® 32^50'. 

Combination: ooP , — Poo .Poo .OP'. P(qo). Angle: — Poo : ot>P-il22® 50'. 
Poo : aoP»120^6'; —Poo : Poo « 113® 20'; ooP : odP« 102® 26'* Twins occur, 
having the p^itive hemidomo for twin- and combination-plane (0. vom Bath, Byui, 
Ckem, Gee, Ber. v. 622). 

BeeompoeiHone. — 1. By Heat, Dibenzyl, when heated, is completely resolved into 
stilbene and toluene, + 2(7H* (Barbier, C&mpt. rend. Izxviii. 

1769). ili * " - 

2. By Djf»<I«I»e#^DibeDzyl i 
carbons of the aromatic group. 

{lAddde Annalen, cxxxvii. 257) ; . , „ 

slum dichionuite and sulphuric acid, obtained^ only small quantities of benzoic acid. 
W. Iieppert, however ^Deut. Chem. Gee. Ber. ix. 14),%nds that when a solution of 
dibenzyl in glacial acetic acid is trf^itcd with chromic acid, vexy considenble oxidation 
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takes place, the whole mass qaickly turslsg green ; the complete oxidation of the 
dibens^l, however, requires a long time. 

The pxtfdnct of this oxidation is benzq|c acid, without previous formation of deoxy- 
benzoin or benzile, which, according to Badziszewski, may be regarded as intermediate 
products of the oxidation of dibei^pyl (2n(2 Suppl. 176), Hence it must be inferred 
that in the oxidation of dibenzyl, C®H* — CH* — CH®«-C*H*, the molecule is first split 
)Q halves, and the CH* in eaduhalf is then oxidised^to COOH. 

Constitution of Dihenzyl’derivatives, — ^Dibromodibenzyl, C**H**Br* (v. 871), 
treated with chromic acid mixture, is oxidised to parabromobenzoic acid ; it must there- 
fore contaii^l atom of bromine in each of its benzene nuclei, this bromine-atom occu- 

Br 


pying tho para-position relatively to the CH* group 

y 

H-(J— 

Dinitrodibenzyl, Of this compound there are two modifications, 

one melting, according to Stolling a. Fittig (v. 871), at 166^-167®, tho other called 
isodinitrobenzvlt at 74®-76®. According to I^eppert {JDeut, Chem. Ges. Ber, ix. 14), 
tho former, when purified by repeated crystallisation from alcohol, forms long, heavy, 
white needles melting at 178°. 

Both modifications, when dissolved in gjacial acetic acid and oxidised by chromic 
acid, yield paranitrobcnzoic acid as sole product of oxidation, but the quantity of this 
acid obtain^ from isodinitrodibenzyl is very much smaller than that which is obtained 
by oxidation of tho other modification. Hence it appears most probable that dinitro- 
dibenzyl is constituted like dibromodibonzyl, having a nitro-group in each ben^eno- 
micleus occupying tho para- position relatively to the OH® group, and that in isodinifro- 
di benzyl, one of the nuclei has its side chaius arranged in the same manner, while in 
tlio other, the NO® and CH® are relatively in tho ortho- position : thus 


NO* 

NO* 

NO* 


1 

1 

\/ 


\y 


U»(’ 

cu* 

irc — — 

fll* 

Dlnitru<lil)enzyl. 

• 

Isod in i trodlbenzyl. 


The oxidation of this latter modification would then yield in the first instance a mix- 
ture of p^ra- and ortho-nitrobenzoic acids, and, taking into account the comparative 
insmhility of many ortho-derivatives of benzene, it may bo supposed that the ortho- 
nitrobenzoic acid undergoes further oxidation. 

Diamidti and Isodiamidodibethzyl are similar in constitution to the two nitro-deri- 
vatives (Lepport). 

Dihy dr oxydi benzyl, C«H<(OH).OH®.CH®.C«H<(OH), is formed, 

togetlier w'ith paraoxybenzoic acid, by prolonged fusion of dibenzyl-disulphouic acitl 
with pot^isli (p. 332). It forms white shining* laminsc, nearly insoluble in cold, but 
easily soluble in boiling water (Kade, Bent. Chsm. Ges. Ber. vii. 239). 

OXassrzn-ACBTXC ACXX>» CS1(CU®.C«H<^)®--C0®1I. See Bhnzyi.-acetic 
Acids (p. 817). ♦ 

X>ZaBXrZYXM.A.CBTOA.CBTATB» C>®H®®0® « 

CH*,CO.O(Cn®.C®H*)® — CO.OC®iI®, formed by the action of benzyl chloride on the 
60 <^um derivative of othylic benzylacetoacetate, CH*,CO.CNa(CH®.C*H®) — CO.OC*H^ 
(p, 317), is a viscid oil which decomposes when distilled (Ehrlich, Ges. 

Ber. viii. 1036). 

]>ZBWZTX..aWBasra, C“H'' - (Zinek. , 

De%U. Chem. Ges. Ber, vi. 119 ; tx. 5l). Two modlficationB, a and of this^ hydro- 
carbon are formed, together wdtli monobea^lbenzono, OH® — CH* — C*H*, ordiphenyl- 
mothaiio, when l)enzyr chloride is heated wiUi benzene and zinc powder, diphenyl- 

methane constitutes the lower-boiling portion of the product, and after it has passed 
over, the temperature quickly nisea beyond the range of the mercurial thermometer, 
and an oily liquid distils over wliich soon solidifies to a crystalline pulp. 

Tho solid portion of this distillate consists chiefly of the two dibenzyl-benzenef. 





DIBENZn^-BBNZBNB* 68 » 

The a-mod]6efttion erystallises from dilate aloohol in large tmiwparent lamiiue or 
oblique plates, melting at 86° and aolidifjing again at 78°. When slowly oooldd it 
remains amorphous and tninsparent. but beomnes eiystalline at once on touching and 
heating it gently. It is not very soluble in ethef^ut dissolves readily in bensene, chloro- 
form, and carbon sulphide. The ^-modidcatiou disimlTca more reiulily in other and the 
other solvents, and crystallises from hot al^hol in thin, lonj^. fiat, silky lieedle^ melting 
at 78° and solidifying at 68°. When cooled down slowfy, it behaves like its isomerid^ 
Neither of the two combines with picric acid, but the two combine together, ezyatal- 
lising from alcohol in hard, brilliant, acicular prisms, melting at 88°-84°* This oom- 
ponnd, or perhaps isomorphous mixture, is not decomposed by reciystalliaation ftom 
alcohol, andean bo resolved in its constituents only by roj^tM treatment^with ether. 

The two dibenzyl-bensenea are converted Jby oxidation with chromic acid and 
acetic ^id, or with potassium chromate and sulphuric acid, into bodies having the 
composition the oxidation taking place in such a manner that the two CH* 

groups in the molecule are converted into CO groups, the product being a mixture of 
two isomeric double ketones, or dibou 2 oyl>benzenes : 

C«H»~CO— C*1I* CO— on*. 

Together with these ketones, there arc formed small but distinctly recognisable 
quantities of para- and ortho-bonzoyl-bonzoic acid s (p. 3101, the a-modifica- 
tTons of di benzyl -benzene yielding tho para, and the /i-nuHlitleation the ortho-benzoyl- 
bt^nzoic acid : 

Tho former is therefore the 1 ; 4, and tho latter tho 1:2 modification of dilwnzyl- 
bonzene. # 

(a) 0(011* C-Ili^yn.IIdCH^CTP).!!.!!. 

O) c«(cii*c«ii*)(cmc*ii*).ii.ji.ii.ii. 

aor pnra-clibenzyl-l>nzcno is also prcaluced, accnrtliiig to Baeycr (7>c«?. Ck^m. GtB, 
Her. 220), together with monobenzyl-hoiizeiio, by tho notion of snlphurio acid on 
a mixluro of benzene nnd nicthylal, llacyer did not a<?tually observe the formation of 
the iS-modificatioti, but ho obtainotl large spicular crystals probably identical with 
those above described 4is consisting of a mixturo of tho two modidcations. 

a-D i b e n z o y 1-b o n z o n e, is best* obtained by oxidation with •chromic 

and acetic acids, tho yield being about 80-90 per cent, of tho calculated quantity ; 
easily also by the action of nitric acid ^Wohron, De^U. Chem. Ge*. Her. jx. 309). It 
is insoluble in water, slightly soluble in cold.«^si]y in hot alcohol. an«c* sepamtes 
therefrom on cooling in flat shining needles or laminae. From other, in whicn it is 
also but sparingly soluble, it separates in Inigo prismatic needles. In chloroform and 
glacial acetic acid it dissolves more freely, separates from chloroform in largo wedge- 
shaped pointe<i ciystals, from hot glacial acetic acid in brood shining nei^les. It m^ts 
at 159°-.160'^. and decomposes at higher teniporotures, emitting an tMlour of diphenyl. 

/l-JJibonzoyl-benzeno is prepared liko the a-compound, but the yield is much 
smaller, a large jxirtion of tho di benzyl -ben zone being aocrimposod, with evolution of 
carbon dioxide. It is more soluble in the aboro-mentioried sm vents than the o-raodi- 
fleation, and exlubits gK;ater tcndfti;cy to crystallise. From alcohol, ether, or 
chloroform, it separates in laigo rect«iiigular plates, liaving a faint yellow colour, and 
grouped like stops. It molts at 1^ ‘-14Q°, and doosoiot volatilixMi without decom- 
position (Ziiicko). • 

a. Di benzhy dry 1-ben Zfno, • 

« C-H*— CH(OH)— CH(OH)--C*H». , 

is an alcoholic compound obtained by the actifln of sodium amalgam and alcohol on 
a-dibenzoyl-bonzene. It crystallises from alcffool in glistening needles, molts at 171°, 
dissoivas readily in ether, chlorq^rm, and benzono, and is reconverted by chromic acid 
into o-dibenzoyl benzene. Heated to 150°-I60°with acetic anhydride, it is converted into 
the diacotato, C'^H'^COC^H’O)*, which c^stallises in sonaro plates, mcltiuj^ at 1 13°^ 
114°, and dissolving easily in hot, less easily in cold alconol, ether, and glacial acetic 

acid. The monoaoeUUe^ | boating the alcohol with 

glacial acetic acid, forms noaidar groups of crystals melting at 94°>97°. The 
dibenzoaie also forms nodules melting at 185°-186° (Wehron, loe, oU,) ^ 

The corresponding tetraahloridet O“H*H4i^«»C•H^CCI•.0•H^OCl*.C?•H^ is easily 
formed by treating a-dibenzoyl-beozene with phx>spboras pentachloride. Ilie action 
takes place quietly at 160°, and the resulting ketonic chloride ciystallises easily from 
ether free from water and alcohol, in tabular crystals, aQparently monoclinie, having a 
vitreous lustre, and melting at 91°— 92°. It is very unstable, and is reconverted into 
dibensoyl-benzrae by warming with water, alcohol, and glacial acetic acid (Wehren). 
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Bibenzoyl- benzene, treated with sodium-amalgam or with phosphorus penta^ 
chloride, does not yield definite products. 

. .CH— CO*H 

ninBBrzn-BZOAiwojnc « ) . Frauch- 

C«H»— CH— CO*H , 

imont (Beut, (Mem. Oea. Bet. v. *1048) obtained tljjs acid in attempting to pr^re 
phenyimalonic acid from phgnylacetic (o-toluic) acid. This phenylated acid heated 
with bromine yields phenyl bromacetic acid, the ethylic ether of which, heated in sealed 
tubes in a water-bath with alcoholic potassium cyanide, yields potassium bromide and 
a idightly coloured liq^uid, which, when heated with potash, gives off large quantities of 
ammonia ; ^nd on evaporating this solution to dryness, after prolonged heating, and 
treating the residue with excess of h^^ochloric acid, a mixture of gases smelling of 
hydrocyanic acid is evolved, and an acid is precipitated, which, when crystallised from 
boiling water, and then from hydrochloric acid, in which it is much more soluble, has 
the composition 0®H’O®, or rather Its formation from phenylbromacetic 

acid may be represented by the equation : 

CH3r—C0®H ) CH— CO*H 

V - Br* - I 

C»H»— CHBr--CO*H ) CH— CO*H 

Phenylbromacetio add Dlbenzyl-dicarbonio 

{2 niols.) add. 


The bibasic nature of this acid is confirmed by the composition of its barinm and silver 
salts, and by the existence of a monethylic ether. 

Bonzyl-dicarbonic acid crystallises froxfi*dilute hydrochloric acid with 1 molecule of 
water ; from benzene in small shining crystals, which soon become dull. The acid 
crystallised from hydrochloric acid melts at 182°, then solidifies, and afterwards melts 
at 222°; the acid crystallised from benzene melts at 169°-170°, then solidifies, and 
afterwards melts at 222°. Monethylic dibenzyl-dicarbonate crystallises fromrcther, 
and melts at 140°. 

Calcium dibenzyl-dicarbonate, distilled with excess of quicklime, yields a crystalline 
distillate, which, by repeated pressing and rocrystallisation from alcohol, is resolved 
into di benzyl, (m. p. 61°), and stilbene, (mp. 118°), the latter being 

formed irom aibonzyl by the action of heat. 

By heating ethylic phcnylbromacetate with potassium moiiosulphide, a well crys- 
tallised srlphiirettod acid is obtaine.% which appears to have the constitution repre- 

sen ted by the formula , 

CO"n 

l»ZBIIWST&-BXBirXiPBO«C ACZB. See BaNzm-sunPHoKic Acids (p. 
322). 

BZBSXrX'ffZi-Z’BlTOBBSOBZXr. See FnuoRBSCBiK. 

BZBBirXTB KBTOXra, . This ketone, oxidised by 

chromic acid mixture, yields, not phenyl-acetic acid, but its products of oxidation, 
benzoic and acetic acids. * 

Liquid dibenzyl ketone cryrtallises on addition of sodium bisulphite ; the crystals, 
however, consist not of a double salt, but of pure’diben^l ketone melting at 30°, and 
boiling at 320°-S21° (Fopoff, Deut. Chem. Ges. Bet. vi. 660). 

BXBBBXTZi-lBBTBABra, — is formed, together with 

dibenzyl-phosjphonic acid, C**H*^PO*, Jby heating dibeiuyl ketone to 180° with 
hydriodic acid and amorphous phosphorus. The crude viscid product solidifies, on 
addition of caustic soda, to a crystalline "pulp from which the hydrocarbon may be ex- 
tracted by other. Dibons^l-methane boils for the must pc^ between 290° and 300°, 
and does not selidify in a freezing mixture (Ghraebe, Ber. vii. 1623). 

^ BXBBXrZTX-PBOSPBXBB, PH(G*H’)^ See Phosphines {^2nd Suppl. 956). 

BXBBXrXYX^PBOBVBOXrXC ACXB, G^^H^'PO* » C*^H'*.PO(OH)^ This acid, 
which forms about two-thirds of the crude product ''btained by heating diben^l 
ketone with hydriodic acid and red phosphorus, appears to be related to diben- 
zylraethaue in the same laaniier as phenyl-phosphonic or phosphenylic acid, 
0*H*.PO(OH)*, to benzene ; when hoate<l with sodki-lime, however, it yields scarcely 
anything but toluene. It is moderately soluble in hot water, sparingly in cold water, 
easily in alcohol and ether ; crystallises in large thick needles, and melts at 142° 
(Oraebe). 

BXBBBXTB-TBTmABVXiPBOBrXO AOZ3>, C'«H»(SO*H)<. The potassium 
salt of this acid, C'*H*®(SO*K)^ + 3HK), is obtained in small quantity on eoncentra- 
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ting the eolution of the crude diben^l-dieulphonate (p. 32i}» sepnrating at tlie oum- 
lueiieeineiit of the eyaporation in emiul relish nodules. 

l>CTW»lgO»MrMMr»S* See BiwiKNn (p. 108). 

88UIUT S&-VXOMPSX8ni* See PBoarai^iis (2iMf 0d5). 

goqAm»Ay«aja»», CS(NH.C«H<C0«H)*. See Tiho- 

CABHANIUnRS. 

nxonba&AXtoaama. see Aldkhtdk <p. 08). 

aXOHXiOlkamazir, On the pre{>aration of this compound, Us 

oxidation by chromic acid, and its reaction viUi ammonia, see 2nd 8ui^, 3 17-819. 
Aniline heated with dichlorhydrin forms dian i line-hydrin, C*H*(C*HW)0, a com- 
pound analogous to diamidohydrin (see p. 635). 

When dichlorhydrin is dropped upon phosplioric anhydride, an enei^etie action 
takes place, and allyleuo dichloride is formed by abstraction of water: — 

H*0 « C*H*C1* (see Alltijutb, p. 62). 

X»XCKXiOMO&TOZ2>a, « CH^-. C01-~GH*GI. This compound, 

formed by heating trichlorbydrin with solid potash or soda (ii. 869), boils tk^tweeti 
94^ and 96^, and has a sp. gr. of 1*21. When heated with an alcoholic solution of 
pure potfissium cyanide, it. appears to form in the 6rst instance a mixture of chloro- 

cy anoglycide, and dicyMoglycide, C*H*(CN)*. The latter, how- 

eror, immediately takes up the oiementa of hydrogen cyanide, and is convertod into 
glyceryl iricyanidc or tricyan hydrin, C^H^GN)* : for the product when buiUnl 
with polish yields a mixture of oxycrotonic acid and tricjirballylir acid ; 

* C*II*CICON) ^ 3H”0 NIP + nCl + CMI«(0H).00»U 

Oxycpiitonlf aclit. 

G*nxCN)* + * 3NI1» + C»J1XC0*H)» 

TrlcarljftllyJip 

miUl. 

The cyanides ctuinot be separated, as they deconi|TOso when hrated ; but tlio actd.s are 
non-volatile, and dissolve easily in ether and in alcohol ; oxycrotonic jfiid gives an 
utnorphous soluble load salt, and tricnrlwHyirc acid an insoluble lead salt, whereby 
the two may be separated (A. Claus, LiehiffB Annaltn, clxx. 126). 

X^XCZanrBYS&OXAlIKXC ACXX>, N(G*H*0)‘^I10. 8eo HTDUOXVLJUfiMB. 

SXOXTBXC ACX3>, According to Franebimont (7>cnf. Chen, Gee* Brr. vii. 
216), the syrupy acid which Horgt obtained by heating citric acid with hydrochloric 
acid (p. 609), consists of a dioitricacid mixcii with citric turid. The citric acic^ obtained 
from it is said to differ from ordinary citric arid in the character of its crystals. 

gkXCOnSXm* See CoDKiKK, under Oi'iVirf-nAsKs. 

SXCOVrXO AOXH, C*I1*"0* (O. Horgt, J.^yr. Cfurm. [ 2J, riii. 372). This acid is 
formed by the action of hydrf>chloric acid on citric iicgl at high temperaiuros. When 
citric acid is heated with c^incci:* traced hydr>chIoric acid to 14<*®-li>0®, it is converted 
into aconitic acid, together wiih a syrupy acid pfjshCNsiDg the composition and the 
reactions of citric acid. On heating thfe mixture to 190'’-200°, diconic acid, 0*H 
is formed, together with some black resinous matter and tlie syrupy citric Oirid, which 
does not seem to be an isomeride, but commAi citric ac'id prerented from crystallising 
by some admixture; for on beating it agnimwith hydrochloric acid to 140^, it yields 
aconitic acid, and at 200*^ it is converted into diconic acid. The latter acid is also 
obtained by heating aconitic B<!'ld with hydrochloric acid; — 

2C*H*0* ^ C»H'«0« + 2CO» + GO -t- H'O. 

Hiconic acid is freely soluble in water, alcohol, ancl ether, and forms small, ap- 
parently moDOclinic crystabs^ having a strong acid reaction, and melting at I99°— 
200 ®. 

Polassium diconaiCt C^H'iO^K*, is a very sohib1% and deliquesc^t salt. The 
am 7 nonium vdU C*H*CH(NH*)*, forms a britUe, crystalline, wax-liko mass, very solubie 
and deliquescent. The 6arf««a nalt^ 2C’H*0*Ba -i* 3H*0, is more soluble in oold than 
in hot water, and is obtained by slow evaporation in hard ciystalline crusts, which 
lose all Uieir water only at 200®. The acid salt, (p*H*0*)*B^. is an amorphous, 
glassy, very soluble mass. 

*rhe eirontinm salt, C*(H*0^r + 6H=^0, is obtained by slow evaporation ns a crys- 
talline frothy moss, which dissolves more freely in cold than in hot water,. 
Zrd Sup. T T 
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The calcium saltt + H*0, is a similar body. The magnesium salt, 

0"H*0®Mg+ 6H*0, forms hard crystalline cri^sts, dissolving freely in water. When 
ferric chloride is added to the solution of* #diconate, an orange precipitate is formed, 
which dries up to an ochre-coloured powder, baving probably the composition, 
C«H*0''Fe(0H)* ' ‘ . 

The manganous salt, C‘*H®0®Mn + 5H*0, crystallises in colourless probably mono- 
clinic plates. The cobalt «aZ^,*C"H®0®Co-f 6H“0, forms small rose-coloured mono- 
clinic plates; the anhydrous salt is blue. The nickel salt, 09H®0*Ni + 6H®0, 
crystallises op slow evaporation in pale-green crusts. The zinc salt, C*H*0®Zn + SH^O, 
forms monoclfuic plates. ' The acid salt, (C®H®0®)®Zn + 7H*0, seems also to belong to 
the raonoclinic system. * . ^ 

When neutral barium mconate is mixed with lead acetate, small crystals, belpnging 
probably to the quadratic system, separate out. Basic lead acetate produces a -floccu- 
lent precipitate. 

The copper salt, C®H*0®Cu + 3H*0, is obtained, by slowly evaporating a mixture of 
moderately dilute solutions of cupric acetate and barium diconate, in hard bluish- 
green prisms, which are insoluble in water. The tin salt, C®H’0®Sn(SnOH) + 4H®0, 
is a bxilky precipitate, which is insoluble in acids. 

The dicthvlic ether, is produced by heating the acid gently with 

absolute alcohol saturated with hydrochloric acid. On adding water to the solution, 
the ether separates out as a heavy oil which cannot be distilled, and seems to be de- 
composed by boiling it with water. 

Diconic acid is bi basic, but the existence of the basic stannous salt shows that a 
third hydrogen-atom may also he replaced by a metal. The formula of the acid is 
therefore C®H"0{OH)(CO.OH)*. 

X»XOTAirO»Z3J«n»B. See Ctanamiuh (p. 599). 

BZmrXMtZVBE. A considerable number of didymium salts prepared and analysed 
by Cleve in 1874, have been described in the article CKmTB-MRTAi.s (p. 424) ; quite 
recently, however, a further investigation of the compounds of this metal has been 
made by Frerichs a. Smith {lAehi^s Annalen, 1878, exeix. 331), who have described a 
now method of separating didymium i|nd lanthanum, and prepiired several salts of 
these metals not previously examined. 

1. Separation of Didymium and hanihanum from CferMm.—The mixture of oxides 
and carbonaves of the three metals Obtained by decomposing pulverised cerite with 
sulphuric acid, lixiviating the sulphates with cold water, precipitating with oxalic 
acid, and igniting the dried precipitate, is repeatedly moistened with nitric acid, and 
again ignitod, whereby a mixture is obtained, imnsisting chiefly of lanthanum oxide, 
didymium oxide, ^and ceric oxide. To remove the latter, the crude oxides are drenched 
in a basin with a large quantity of water (about 6 litres to 500 grams of oxide), 
and the liquid is boiled for several days, while very dilute nitric acid is allowed to 
flow slowly into it from a dropping pipette, so as to keep it sliglitly acid. This very 
dilute acid does not attack the oxides of cerium, but readily dissolves those of 
lanthanum and didymium. The filtered solution, which is quite free from cerium, is 
mixed with sulphuric acid, concentrated by evaporation, treated with hydrogen sul- 
phide to free it from small quaqtities of metals procipitablo thereby, and the filtrate 
IB mixed with a hot solution of potassium .sulphate', which throws down the lanthanum 
and didymium as double sulphates, Leaving the gadolinite metsils and others in solu- 
tion. By decomposing the precipitated didyifiio-potassic and lanthano-potassic sul- 
phates wirii sodium carbonate, dissolving the precipitated carbonates in nitric acid, 
treating the solution with oxalic acid, «and igniting the precipitated oxalates, a 
preparation is obtained consisting wholly ai the oxides of didymium and lanthanum. 

2. Separation of Ijanthanum and Didymium. — Frerichs n. Smith obtain a 
didymium salt free from lanthauuin, and a lanthanum salt free from didymium : 

* a. By Erk’s method of partial precipitation with ammonia {2nd Suj^. 428). 

By mixing the solution of the nitrates of the two metals with a quantity of 
sulphuric acid sufficient to convert only a part of the lanthanum (the stronger base) 
into sulphate — so that after four or five days the 8olut;pn consists of a mixture of 
lanthanum sulphate with tho nitrates of lanthanum and didymium — and mixing the 
solution with ^Icohol, which thrown down nearly all the .lanthanum sulphate, leaving 
the two nitrates still dissolve<l. After cpystalUsing the precipitated sulphate a few 
times from water, a salt was obtained in which not a trace of didymium could be 
detected by the spent ro.scopo. By this process, therefore, a salt of lanthanum was 
obtained free from didymium. 

The alcoholic solution filtered. from the lanthanum sulphate contained didymium 
nitrate, together with a small quantity of lanthanum nitnite. To obtain from it a 
pure didymium salt, the alcohol was distilled off ; the remaining solution, after dilation 
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with water, was mixed with a quantity of sulphuric acid, aulHcicnt to convert ^rt of 
the didymium as well as the whole of the iMuiauum, into sulphate ; and afljr «>ur or 
five days, the greater part of these sutphaSes was precipitated by alcohol. The solu- 
tion was then evaporated down ; and the dry mizt|^re of didymiuin gitrate and a einall 
quantity of didymium and ]ii.*7thanum sulphates (these sulphates being eonmwhat 
soluble in dilute alcohol) was heated in a platinum crwcible nearly to rednes^whereby 
the nitrate was decomposed, wnile the sulphates remained unaltered. The finely 
pounded mass was then treated with cold water to extract the sulphates, and the midia- 
solved residue of didymium oxide was washed with water, till neither the waahinw 
nor the aolution of the didymium oxide in nitric acid showed any turtedity wth 
barium chloride, a process which had to be awntinued for tbout a week. The didy- 
mium oxide was then converted into sulphate, this salt was disi^yed in Mven 
its weight of cold water, and the solution was slowly warmed in a platinum di^ 
Crystallisation began at 86®, the solution yielding large well-defined rose-colourad. 
crystals which were taken out from time to time. j. . - 

As no characteristic reaction of lanthanum is known, the purity of the didymium 
salt was tested by analysing the first and last crystals which separated out ; and as 
both analyses yielded the same result — whereas lanthanum sulphate, if present, would 
bare crystallised out first, and would therefore have made a difference in the compo- 
sition of the first crop of crystals — the didymium sulphate was judged to be pure. 
This conclusion was strengthened by the fact that the salt began to cryslaUise only 
at 86®, whereas lanthanum sulphate c^stallises out almost completely at 50 . 

The atomic weight of (tri valent) didymium thus purified was found to bo 144. 

The following are the compounas of didymium aiuilyst-d by Krerichs a. Smith. 

Platinoehloride, 2DiCl*.3PtCP + 2411 * 0 .*— Obtainini by mixing concentrated eolu- 
tions of didymium chloride and platinic chloride. Vi‘ry fine orange-colour*^ tables. 

9LurochUynfie, 2DiCl».3AuCl*.21II"0. - Brilliant yellow plates, very hygrosivipic 
and deliquescent. 

Oxffchloride, IliOOI.— Obtaincid by heating didymiuin oxide in chlorine. itcNolrei] 
by boiling with water into hydrate and chloride. 

Didymium and Zinc Bromide, 2 UiBr*. 3 ;;iiHr».:iGll* 0 .— Roddisli-browfi needles, 
very hygroscopic, taking up water even from calcium chloride. 

2WBr*,3NiKr^l«H Small brownish crystals, 
which rapidly absorb water from the air 

Didymium a7id Zinc Midc, 2VH*.'S'/AilV2iUHy. Small yellowish very 

hygroscopic. 

Fluoride, 2I>iF* (If F)*.— Thrown down ns a gelatinous precipiUte on adding 
hydrofiuoric acid to a solution of didyiniuiii sulplmtc. Over the water-bath it dries 
up to a transparent rose- cob mretl mass. 

PeroxicU, — An oxide having this c4iriHM>sitioii wan obtained as aleheatnut- 

hrown powder by decomposing the nitrate at a gentle h»‘ut, and then heating the 
residual oxide to low redness in a oi rrcnt. of oxygen. It dissrdvesin iiilricacid, giving 
off oxygen. 

Di*S*.— A yellow or brownish subst a no<# obtain*^ l*y heating the oxide 
in vai>our of carlwm hi-sulphide. It di?iwrlv»‘H caMily in lu-idK, giving off hydrogen 
sulphide. ^ 

BitraU, DiO*(NO^)*.6H-'U. —Large violet crystals having this eompciwition are 
obtained by dissolving the oxide in nitric aritl and evaptirating the solution over 
sulphuric acid. The salt absorbs water from the air. l^‘<JTnes anhydrous at 2110®, and 
mefte without decomposition at 300^. It dils^dvcs easily in alcohol. Forms ciystal- 
line compounds with other nitrtOes. 

Didymium and Zinc BUraU, 2DiO»(NU*)*.3ZnO*(NO*)’ 69H*0.-ri>eUqaesce8 ex- 
tremely rapidly in the air. • 

Didymium and Nickel Nitrate, 2DiO*(KO^)*.3NiO*(NO*)*.3fili*0. — Laige bright- 
green tables, hygroscopic and very easily soluble in water. 

Didymium and Q>balt Nitrate, 2DiO*(NO*)».3CoO=(NO’)».48H*0.— Dark-rid crystals, 
obtained with great difficulty. Very soluble. • # ^ 

HyvaehMU, Di(OCl)*. — Obtained by passing chlorine into water in whicii 
didymium hydroxide is sospeiided. Thin nearly colourless teblm. dissolving i^ringly 
in water, but easily in strong acids. 

BaMc SttlphaU, lDi*(OH)»]*.(SO*)«.— Ammonia added to the neutral anlphate 

• Bflsp irt ^"g tte platlooclUoiide, aorochlortde, fluoride, selenate, and pyaro|lh< m >bst e , eompsrs 

t i)l*\)“,*aooordlng to Herxnsan, for imlvsleot dldjmltun, [I>lw48). See tt. 131. 

TTf 
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throws down a gelatinous precipitate which dries up to a mass- having this composition* 
The salt is insoluble in water, but easily soluble in acids. 

Neufrid Sulphate^ Di2(SO*)®.— This salt crystallises from strongly acid solutions 
in rose-red cr^t^s containing GHJO, and from neutral saturated solutions on slow ^ 
evaporation in ci^tals containing 9H®0. The latter give off two-thirds of their water 
at aoo®. 

JSelenate, I)i*(Se0^)*.6H*0. — Fine rose-r^ piipni*» very easily soluble in water, 
obtained by evaporating a solution of the oxide in selenic acid. 

Behnite, lJi»(Se0*)*.6H®0. — Obtained as a gelatinous precipitate on addi^ alcohol 
to a mixture of concentral^ed solution of didymium nitrate with selenioua acia. 

"Phosphate, DiP0^.H*0.— Obtained Iff boiling solutions of didymium with pl\p9^ 
phoric acid, or by adding trisodium phosphate to didymium sulphate. Insoluble ii 
water ; soluble in acids. 

Triphosphate, Di®(HO*PO)*. —Precipitated from the sulphate by disodium phos- 
phate. 

Pyrophosphate, DWH^O^P^O®)’. — Preei]^itated by neutral sodium pyrophosphate 
from acid solutions of didymium. Soluble in excess of the precipitant. 

Metaphosphait, DiO*(PO-)*. — Rose-red powder, precipitated by sodium mota- 
phosphato from didymium sulphate. 

Arsenate, Di“(HO®AsO)*. — Pale-red precipitate thrown down by disodium arsenate 
from didymium sulphate. Insoluble in w’atcr. 

Phosphite, I)i*(0*PH0)*. — Precipitated from solutions of didymium by disodium 
phosphite. 

Arseniie, Di(0»A8H0)*. — A white granular powder, insoluble in water, formed by 
boiling d^ymium hydrate with aqucjous solution of arsenious acid. 

ChroTnate, Di*^0*CrO*)*. — A yellow granular powder, precipitated by potaslium 
dichromate from didymium sulphate. Dissolves sparingly in water, easily in dilute 
acids. 

Manyanate, Di*(0*MnO*)*. — Formed by heating didymium nitrate* with manganese 
dioxide, ^lack powder, insoluble in water, soluble with dark-red colour in sulphuric 
acid. 

Permanganate, Di(Mn0^)*.2lH*0.~Depo8itod from a mixture of potassium per- 
manganate Mod didymium sulphate -m ^.itanding. Reddish-brown crystalline powder, 
sparingly soluble in water. 

Borate, Di*(0®B^0*)*. — Thrown down as a white gelatinous precipitate on adding 
sodium borate to a solution of didymium sulphate. Insoluble in water. 

Molybdate, EiH*0*(MoO^)*. — Obtained as a pale-red gelatinous precipitate by 
adding ammonium molybdate to solutions of didymium. 

Tungstate, Di*(0®WO®)*, — Precipitated by disodium tungstate from didymium 
sulphate. Gelatinous precipitate, drying up to a rose-red mass, insoluble in water. 

SXaTHOX-nBTBAlTB (CBXtOBO-), Cm^C[{OCm^y, This compound is 
formed by the action of alcoholic sodium ethylate^on dichlorethylene at high tern- 

T)01!8i^lXFfiS I « s 

CHCl* - ' CH^Cl 

II + O'H^NaO + C*H»OH » NaCl + I 

CHCl CH(OC»H»)« 

Chlorodieihoxyicthane is a colourless oilv liquid having a peculiar aromatic odour, a 
density of 1*026 at 16^, and boiling at i66® {K\ion, Jenaische Zeitschr, /. "i^atuTw. 
X. 67). 

BXBTH'nB.CBTXO or ZSOCAFKOZC A.CZB« See Cavroic acids (p. 378). 

Z»ZBTBTZ;;-ACB«0-ACBXZC BTBBZt, 

Qio^wQi ^ CH^.GO.CCC^HO^COOC^H^ See Aceto- aortic Ethers (p. 13). 


ZUEBTBYULBBTXiBMZXrB, C^H>*N = (C*H*)=(C»H»)N. See Ai.ltlawixks 
(p. 02). 

Z»ZBTKYZiAirZZiZ«m.BirBFBOirzc ilCZl>, C«H^[N(C-H^)«].SO’H. See 
BaNXRNEStJLPHbNlC ACIDS (AmIDO-), (p. 235). 

BZBnrfX^aOBZO Acm or Bone Diethohydrate, (C*H^)^OH). See Bonox. 
Orqavic Compounds of (p. 348). 


V. Zotta, by passing nitrous acid into an alcoholic 

"solution of symmetrical diethylcarbamide, NH(C®H*).CO.NH(C?*H*), obtained an oily 

||^quid,to which he assigned the formula (p. 390). ^ 
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Fischer, however, finds that this compound is uitrosodiethylcarbamide, 
KH(C?*H*).CO.N(NOXC®H*). The cusieiA way of preparing it is to pass nitrous add in 
excess into a solution of diethylcarbumi<R in ether. On leaving the ether to evapomta 
at a very low temperature, washing the residunj^oU ^ith water, drying it ov^r ocuciun 
chloride, again evaporating, a -id leavii^ the oily residue for a considerable time at a 

alcoholic elation with zinc-dust aud acetic acid, it is reduct-d tudicthyl-bydraziiie- 
carbamide {Dtiut, Chem, Gts^Bir. ix. 111). 

^ ^ l>XaTHn.CAmanOXN See Aj.couotl (p. 77). 

iix«raTJb«pgM»Tgn^Aagiigoir«iniK cokpowos. Set* MtfritxL* 
ajUNEB. 

• oAmaAsma, (p. aoi). 

See PlIKNYl.AMlMXS. 

BXaraTXr-riiiro»SSOWar. See Fixorxscxik. 

onxHTXi-aiiTcnni or i>nnKT&-oiiYcootwa. See Olycikk. 

See HYDitAziyx-coMFOVNns. 

■B, See Ktuyi. Oxid*. 

BZnBTUUBWa-AKMOirlMMr THXOOAJUIAaKAra, See Cabbo- 

TU]Ai.i>urK (p. 387). 

OZBTHTUBAMIB-AAOTAMtXO AOZX3, OH^'NOS also called JHdenlaciamic 
acid and Dilactctmic acUl (2nd Suppl. 722). This ucid, like other amftdatod acida, 
uflitea both with basea and with acida. The following compounds are described by 
Iltiintz {Liefiig*s Annalcn, clxv. 44). 

The acid amf/tottium mit, C*H‘^(NH*)NO*, obtained by adding excess of ammonia 
to dietbylidcne-lact4iniic uci<l. and evaporating to a syrup on the wjiter-bath, crystal- 
lises on cooling in neeilleH which may be rc.*ry stall is^ from alcohol. The salt sepa- 
rates from this solvent in ructangubir tables, 1ml when it is deposited a mixture 
of alcohol and ether, it often takes the form of needles. Jt is roiy soluble in watoFi 
slightly soluble in alcohol, and insoluble in «^her, decomposes at a teirt"p(5rature below ^ 
its melting ;x)int, and on distillation yields ammonia and a thick liquid, partly soluble 
in wafer. — The barium mlt is obtained by neutralising didenluctamic acid with excess 
of barium hydrate, removing the supe^uous laise by means of carbonic anhydridct 
and evaporating the slightly alkaline liquid. The syrupy residue which remaina 
gradually dries up to a brittle fissured mass. If alcohol be added to an aqueous 
solution of this salt, the latter is separated in a syrupy form. The acti^ of acetic 
acid on it did not give rise to the formation of a cryst^line acid salt. — The sine $altt 
C*H®ZnNOV obtained by boiling die thy lidfeu^lao tarn ic acid with basic zinc carbonate 
aud a considerable qtiantity of wut^r, fllt4;ring hot, and evaporating, consists of micro- 
scopical quadratic tables, very i/lightly sulubif* in water, but easily soluble in hydro- 
chloric acid. — The cadmium C^H^CdNO*, is praparod by boiling a dilute aqueous 
solution of the acid with i^admiam carlxainte, evaporating the Elution, treating the 
residue several times W'ilh hot water^and pressing the undissolvcd portion, and may 
be obtained in microscopic nt'edles by boiling its cold saturated solution. It is very 
soluble in cold water, although it dissolves but slowly. Tho solution, on 'evaporatioii 
over sulphuric acid, yields a syrupy residue, which gnulually becomes opaque and 
partially solid. While the syrup remaiifS transparent, it dissolvos readily in cold 
water, but when it has becc^* solid and opaque, it is no longer easily soluble ; the 
change into the less soluble variety appears to be accompanied by partial dehyflratbp. 
On lulling a cold saturated solution, the partially dehydrated salt is deposited itf 
needles having the composition 0*11*0^0* + H"0. The salt dried at 160° eonlainf 
C*H*GdNO*. — Lead soft, C*H*PbNO*. An aqueous solution of diotbylidenehictamic 
acid saturated with lead hjodrate forms a strongly alkaline liquid, from which almMt 
all the excess of lead may be removed by means of carbonic anhydride, On filtering 
this solution, slightly acidulating with acetic aefd, ewaporating, and«addicg altyjhol, 
the lead salt separates in crystalline crusty; when cj^stallisea from dilute alcohol it 
has a slightly alkaline reaction. — The silver saiU C*H*Ag^NO^ is obtained as a white 
precipitate when a soluble salt of the acid is precipitate*! by silver nitrate. Lake 
silver diglycollamate, it explodes slightly when heat^. From Iwiliiig water it sepo^ 
rate.s partly in small rhombic tables, partly in needles, which aro s«>niettmes united 
in tufts. ^ 

HSfdrockUfridet 20*H^N0*.HC1. — When diethylidene-laetamic add is dissolved 



, i)TETHYL-METHTL.ACl£iTl6 ACil). 

fttXDing hydrochloric acid, and the solution is evajporated in a vacuum, a syrupy mass 
St obtained vluch dissolres in a small quality or absolute alcohol, and is separated 
from it in the fluid state on addition jof wafir. If the previously mentioned solution 
be evaporated, and the residue be dissolved in a snmll q^ntity of water, it yields on 
evaporation over fiulphuric acid, a* syrupy mass, in 'i^hich flat microscopic needles 
graqually form. If, however, thq residue be dissolved in absolute alcohol and ether 
be added, small crystals are deposited, which consist <K a compound soluble in alcohol 
or ether and permanent in the air. This substance dissolves in water, and the solu- 
tion on spontaneous evaporation yields colourless rhombic prisms. 

Nitrate . — Ciethylidenclactaraic acid dissolves readily in nitric acid, and the solution, 
when evaporated over sodium hydrate, gyes a thick syrup, which, when dissolved in 
warm alcohol and separated by the cautious addition of ether, takes the form of 
fringed hemispherical grains, apparently made up of groups of thin concentric needles. 

Nitrosodiethylidenelactamic acid, C*H*®(NO)NO*. — The calcium salt of 
this acid is obtained by gradually adding calcium nitrite to a solution of diethylideue- 
lactamic acid in nitric acid, the solution being stirred to prevent local heating. 
Sufficient calcium nitrite having been added to make the liquid permanently green, it 
is diluted, gently warmed, neutralised with lime, and evaporat^ almost to dryness, 
the residue dissolved in alcohol, and the solution mixed with ether, which tnrows 
down the calcium salt of the nitroso-acid. The free acid may be obtained firom this 
salt either by decomposing it with the requisite quantity of oxalic acid, or by pre- 
cipitating it with ammonia and ammonium carbonate, boiling the ammonium salt 
thus obtained with barium hydrate, and (^composing the barium salt with the 
requisite quantity of sulphuric acid. It forma a syrup which Anally solidifies to small 
colourless flat needles, consisting partly of elongated rhombic tables and partly of 
elongated ^x-aided tables. It is easily soluble in water or alcohol, and is dissolved 
by ether, ^ith concentrated sulphuric acid and ferrous sulphate it gives the wMl- 
known reaction of the higher oxides of nitrogen. 

HiaTHYZi-MlITBYZi-AOllTlO JBLCXn, G(G^H»)^aH>— COOH. See 

Heptoio acids. 

BlBTlkYX.-MBTHTXiAlMIlWB ilkllTBlOlIZBB. See Methylamines. 

BZBTaEYXiOaLaXULTB or BZBTKOBAXuaTg, STSYBIC. This ether, 
treatoil with •phosphorus pontachlori<lb« yields the ethylic ether of chlorisocaproic 
acid (p. 378) : 

C(C*H*‘)*OH 

I + PCI* PC1*0 + HCl + (C^H*)*CCl.COOC"lP 

cooc»n» 

BZBTBYXiOBAIIilZBlI. See Oxamidb. 

BZBTBYB-PBBlTYXi-lWCOXrOCBBOlUTH AirZI, C1PC1->GH(G*H 
is formed by treating ethyl-benzene wi^^h dichlorethylic oxide and sulphuric acid : 

2(C»H*.C*H*) + (C'^H^C1)"0 =. CH*Cl— CH(C«p<.C2H*)» + C*H*0 + HCl. 

When subjected to distillation, it is rrsolvo<l into hydrochloric acid and diethyl- 
stilbene, C'*H"CKC*H*)*=-HCl + C‘<H*%C«H*)=» (ilepp, Chem, Gee. Ber. 

1414). 

BZBTBYB-PBBBYB-PBOSPBXBB, P(C*H*)^(C*H*). See Phosphikbs. 

BZBTAnrXA>8TZXiBBWll. See Sti^bnb under DiPUBMYi.-coMrovHDS. 
■-miBA. See Gabbamidi|9 (p. 390). 

See Gases and Liquids. 

- aZOAXiXiZCA ACZB, C>*H‘®0»==2C?H«0» (gallic acid) -H*0. This, according 
to Stiff’s latest researches {Liebig^e Annalent clxx. 43 ; Gasr^r. chifit. ital. 1873, 653), 
is the composition of pure gallotannio acid, natural tannin from nutgalls being prol^ 
ably a glucoaido derived from it : ^ 

— 2C*^H‘*0» + C®H**0* — 2H*0. 

Tannin. « DiknlUo Qlucose. . 

acid. 

• 

See further, Paul a. Kingzett {Chem. Soo. J. 1878, zxxiii. 21 7) ; also the article Tannin 
in. this volume. 

^Digallic acid is not formed by the action of sulphuric acid on gallic acid. The 
formation of nifigallic acid from digallic acid by the action of sulphuric acid is rather 
preceded by Uie formation of gallic acid and a brown siibstauce which cuiitatninates 
the rnflgaUic acid thus produced (see Und S«ppl. p. 1143). 
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SXOasnoir. Ob>^rratioutt on digej»tioo through the agency of a ga^trie flatula 
have been made by C. Hichet (Cowpi. remtU Ixxxir. 46U ; CMtm. iSwc. J. 1877, i». 631)?^ 

Ou the Diflereneea of Digestion audllof Chemical Structure amongst Auunalfi, 
see Hoppe-Seyler {Pjtwjcra Arckiv. fiir Pkusioiogk^ xiv. 31*6 ; Chirm, &k\ J. 1877, 
ii. 396). • " 

On tlio Resorption and .S&relioii of Alimentary Constituents in tli© Digestive 
Canal of the Sheep, see K, Wildt {Chem, CcHfr, 187®, 40, 67, 72 ; Jahrt^b. /. Ctr/w, 
1876.864), 

On the Digestion of JFats; 11. C. Rartlctt (A/talvst, 1877. 176 ; Ch^m, Sac, J, 1877, 
ii. 207). 

Ou the Digestion of Linseed Mucilage w^t Artificial Gastric Juice: Fudakowski. 
(C'6r//i. CtiUr, 1877, 6; Chem, Sac. J, 1877. iTOll). 

Ou the Digestibility of Fodder: Pott a. Pfeider (JoHr.‘irt//«r Lamiwirth^h^ft^ »xii, 
370; Jakresb.f, Chem, 1874, 924). 

Pancreatic Dige^Uum, — According to Radzisaewski and K. Salkowski {Dent. Chem. 
Ges. Iter. vii. 1060V aspartic acid is found amongst the products of the paucrentio 
digestion of blooa -fibrin. Nencki {ibid, 8693) obtained from the products of the 
pancreatic digesttou of fibrin, a distillate exhibiting all the react ions of iudol. By 
the pancreatic digestion of gelatin, Neiicki obtained very little i ndol, small quantities 
of tyrosine, ammonia, leucine, and glycocine, and a viscid yellowish boily 
which he designates as g e I a t i n-p ep to ii c. 

On the Separation of Digestive Ferments, see Fkumknts. 

3IZI3ZTA&Z0. I'he active princifMes of fox -glove {Diaitalie purpurea) have 
lately been made the subject of numerous investigations, but tne results are not very 
satisfactory, aud those obtained by diflercut experimenters are in many res()ects dis- 
cordant. 

sZ^atirello {Pharm. J. Ttana. [3], ii. 866 [1872J) obtains crystal]ist>d di^Ulin by 
exhausting the leaves with alcohol and mixing the concentrated solution diluted with 
three times its bulk of water, whereby a precipiitite is ubtaiucxl consisting of digiialiti 
and di^Liti, the former easily soluble in chloroform, the latter iiiHolublo (Isf Suppl. 
346). Digitalin thus obtaired crystallises in slender shining needles grouped around 
u common axis, and exhibiting conspicuously the churactiTistic emerald-green colour 
on treatment with liydnx'hloric acid (ii. 329). 

The amorphous substance obtained from th^ luiueous extract of f^glovo loaves 
and sometimes called digitaliii, is designated by Nativello ns digitaieVn {comp, 
Kosmoun, ii. 328). It exhibits the chamcteriHlic green coloration in a minor degree, 
and its physiological action is less marked than lliat of crystallihed digitalin. 

More recently, 1876 {J. Pkarm. Chim. [4], xx. 81 ; Chem. Sbc. J. xxviii. 276), 
Nativelle has described a method of preparing crystallised digitaliii uifTering but little 
from that which he gave in 1869 (Is/ Supnl, 646). 

According to Fliickiger (TV. Jahrb. Pkarjn. xxxix. 129; Chem, Ceit/r. 4873, 871 ; 
Jahreeb. f, Chem, 1873, 814), crystallised digitaliii forms small microscopic plates, 
which lose 6'8 per cent, of their weight by stifndiiig over sulphuric acid. It is very 
soluble in chloroform, much less, in etlier. Ita most chnractoristic reaction is the 
fine green colour which it assumes when added to » small quantity of phosphoric acid 
concentrated os much os possible cn a watch-glass, tflb acid at the same time beconitsig 
yellow. 

N. Goerz {liusa, ZeUttchr. Vlmrm, W73, 386 and 417 ; Jahreeb. f, Chem, 1873. 816), 
following the directions given by Nativello (1872), has also obtained djgitaUn (crystal- 
line). digitin, and digitolein, but in much yualler quantities (possibly the leaves on 
which ho worked were less rich in active p^uciplee than the French fox-glove leaves 
treated by Nativelle) ; moreover, the crystallised digitalin was physiologtcnlly 
inactive. 

Digitin crvstallises, according to Goerz, in stellate groups of nwedlcs soluble in 
hot alcohol and separating out on cooling. gChlon^form and benzene dissolve wnly 
traces of it, but ether dissolves half its weight of digitin, which however remains in 
the amorphous state on eva^ratiug the solvent. It is insoluble in water, but soluble 
in alkalis, and is precipitansi therefrom by uckls. Btrong sulphuric acid dissolves 
digitin, forming a brown-yellow solution, which, when exposed to the air, gradually 
acquires a purple-red colour extending from the ed^s inwards : the mMition of r 
turns it green. Digitin is insoluble in hychxszhionc acid, but dissolves without color- 
ation in nitric acid. When heai:ed it first melts without decomposing, then tarns 
brown, swells up, and bums, giving oflf greyish- white vapours having a resinouS'Odgpir. 
It does not reduce Fehling's solution, but after treatnfbnt with sulphuric acid it 8k- 
hibits a strong reaction of sugar, whence it appears to be a glucoside. It is free from 
nitrogen, and. from the resulU of three elementary analyses, appears to Imve a com- 
position represented by the enipiricol formula C*U*0^ 



648 


DIGITIIJ— DI-IODAMIDOBEKZOIC AOlB. 

Digital e’in is obtained as a fine light yellow powder having a pleasant odour of 
digitatis and a very bitter taste ; when brought in contact with the mucous membranes 
of the nose it produces violent sneezing, ft dissolves easily in water and in .^cohol, 
but is nearly insoluble in ether, chloroform, and benzene. Sulphuric acid dissolves 
digitaloin with a dingy green coloui^ but, on adding a drop of hydrochloric acid, throe 
coloured rings are produced, the outer being emerald>green, the middle orange-yellow, 
and the inner orange-rod ; afterl/ards the solution aqguires a uniform emeralu-green 
colour. Potassium bromide and sulphuric acid produce a rose-red colour gradually 
changing to purple-red, and becoming green on addition of a small quantity of hydro- 
chloric ucld. c The aqueous solution of di^talein forms with platinic chloride a light 
yellow flocculont precipitate, and with silver nitrate a white gelatinous precipitate ; 
no precipitate with mercuric chloride, ctl|»ric sulphate, or tincture of iodine. 

Digitaiein is a non-azotised glucoside, and the analyses of Ooerz (which, however, 
do not appear to be very exact,) lead to the empirical formula C^H’O*. Goerz is 
inclined to regard digitaiein as identical with the digitalin (or digitaletin) of Walz 
(ii. 329). At all events its physiological action shows that it possesses all the active 
properties observed in digitalis, and that in a therapeutic point of view it is a very 
important substance. Qoerz regards the discovery of a simple method of preparing 
digitaiein as the most important result of Nativelle*s researches. 

On Digitalin and the other proximate principles of Fox-glove, see also Kosmann 
(J. Pharm, Chim, [4], xx. 427 ; Chem. Soc. J. 1876, 660), and Schmiedeherg (PAarm. 
J, IVans. [3], v. 741 ; Ckem, Soc.J, 1876, 1266). 

Detection of Digitalin , — This substance be detected by the red colour pro- 
duced when its solution is mixed with a dilute aqueous solution of dried ox-bile, and 
then with a quantity of sulphuric acid sufficient to raise the temperature to 70^. This 
reaction is sufficiently delicate to detect the presence of digitalin in a decoction of 0*3 
fl^m of ffo-glovo leaves in 180 grams of water ; it likewise serves to distingi^ish 
digitalin from all alkaloids excepting those which directly give a red colour 
sulphuric acid. The acid ethereal extracts to be dealt with in toxicological invi 
tions may also contain lactic acid, tartaric acid, colchicine, atropine, and pici^ 
but none of those substances give the bile-reaction above described (H. Brunner, J 
CAem. Ge^Bcr. 1873, 96). 

According to Almqniat, on the other hand (Arch. Phami, [3], v. 615), sugar, 
glucosides, sterch, dextrin, inulin, and^ cellulose, also give the red colour witt bite and 
sulphuric acitl, and consequently, os ftiese substances often occur in extr^tw aqd ' 
decoctions, Brunner’s test for dligitalin is applicable only when that substikiice has 
boon obtained in the separate state. 

On tho detection of Digitalin in Mixtures of Alkaloids and other proximdto prin- 
ciples of vegetabl3s, see Plant-bases. 

SZOZTXar. See the last article. 

Z>ZOZiYC01.XiAllKXO Z>XirZUkllt*Z>M,C«H‘*N»0* = NH(NH».CO.NH.CO.CH«)^. 
This compound is formed by heating bxomacotyl-urea with alcoholic ammonia to 100*^ 
in a sealed tube, or by passing dry amlnonia gas through alcohol at 70°-80^, contain- 
ing bromacetyl-urea. It melts at 195°~200°, dissolves sparingly in cold, somewhat 
readily in warm water, and crystallises in slender needles. 

The crude product of the ab<fve reaction* heate«£ with dilute hydrochloric acid and 
reciystallised from water, yielded a compound apparently consisting of triglycoll- 
amic triuramide, N(NH*.GO.NH.CO.CH*)^ (E. Mulder, Deut, Chem. Gee. Ber. v. 

1011). c , 

Zll01bYCO%XAO AOXZ>, Several salta of this acid have been ex- 

amined by G. Schreiber (J pr. Chem. [2], xiii. 436), The lithium $alt, 
C*H^O^LV'* -f 5H^0, crystallises from a moderately concentrated solution in small 
colourless transparent crystals, and from a syrupy solution in concentric groups of 
small nodules, eitnibiting under the microscope the appearance of prismatic laminae. 
It dtssolvos in 2*2 pbs. of water at 18'6**. It is soluble also in dilute, but insoluble in 
absolute alcohol, which precipitates it from a strong aqueous solution in crystalline 
nodules containing 24 mols, H’-'O. An acid barium salt. 0Jli*O’*Bs, was once obtained 
in small hard, granular, transparent crystals. The 8trontiu7n salt^ C^H^O^Sr 4- 4H^O, 
was obteined iq small limpid, nQU-effloroscent crystals containing 4 mols. H^O, which 
wore given off completely at 240®. , 

ZinmZRAOmYUG AGZZI, C*H»«0*»(C*H«.0H)«0. See 2nd Suppl. 721; 
also p. 47 of this volume. 

Z>znZ>ZtO»&irziKZamgU AOZSZ. Seo Plithieric acip. 

TOXC A.on>t C*Il=I-(NlI-)COOH. See Benzoic acid 


Djuuvativics, p. 271. 
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SMOBASoBanoxo Jkoxn, c>*H«l*N-o< (p. 274). 

^ME-XOBHinDJWnr, C*H\OH)I*. may^ be prepared by Iieatiu^ dicblorhydrin 
with potojssiam iodide and water in a salt-*ath. The product aoparatod from free 
i<^ine by a^^tation with very weaJc euiphuretted l^drojjen water, le a faintly yeliow 
viscid oU, having a density of 2 * 4 ^ solicQfyiug at - 16 ® to - 20 ® to a ^hite crystalline 
muss, and decomposing when distilled (Nahinuehor, ifegt. Chem, Gcs. /^cr, v, 353). * 

l>Z-ZSSnxO»JLMXC ACZB, NH(CH-.CH^SO^O^)='. This uppeai-s U* bo 
the constitution of an acid formed by the action of baryta-water on taurine. Its acid 
ammonium salt, which is isomeric wifli taurine, forms a light i>owder liu?’^i]ig a silky 
lustre, and made up of crystalline scales. Tho 6 arittm aa/t ciytalliscs witli remark- 
able facility (E, Salkowski, Deut. Ohem. Ges, Jkr, vii. IIO). 

BZ-UOBITTTUnrB, C*H«« ^ (CH*)'C - CH--CH*— CXCH*):*. This bydroear- 

I 1 

bon is the chief product obtained when isobutylene is heated to 100 ^ with a mixture of 
equal mrts of strong sulphuric acid and water (with very weak acid the chief product is 
trime&yl carbinol). It unites directly w'ith hydrobromic and hydriodic acids, and 
the hydroxide, treated with moist silver oxide, is converted into an octyl alcohol, 
C«H** 0 , which solidifies at - 2 U® to a w'hite crystalline mass, and retains -water with 
great obstinacy. Pi-isobutyleno and tho octyl alcohol derived from it are converted by 
oxidising agents, e> 0 . chromic and metaphosphoric acids, into acotonoami trimethyl- 
acetic acid, together with carbon dioxide, acetic acid, an octoic acid, and 

a ketonic substance, Hence, the |Uructuro of di -isobutylene may probably be 

represented by tho formula {CH*y-=!C=:CH — C^CH*)* (Butlerow, JDeut, Cnem. 
Ges. Bar, viii, 1683, ix. 1687 ; LUbi^a AnnaleUt cixxx. 245). 


BX-^ZBOJPItOBVX XSTOara« CO[CH(CH»)=*f. Soo Pkopyi. 

BtaiZ^OZB. Gladstone found in this oil a torpeno boiling at 1 73®, and strongly 
dem^ptatory (ii. 188). Nietzki {Arch. Pharm. [3j, iv. 317-324) hods in addition a 
re^^tts substance boiling above 230^, and an oxidised body which, after purification 
bjr i^n^nation with sulphuretted hydrogen, washing tho crystalline piquet with 
mdbl^l, pressing, and decomposition by causti^^ potash solution, boils at 223^-229®, 
and appears to be identical with c^irvol. Moreover, tlie terpone present does not 
.appear to homogeneous, as it does not distil at li constant temperature, one portion 
^b^in|^, l55®-160®, and another at 175®. N 4 i'cher specinnm appeared be abso- 
luwly from oxidised substances, even after many rectifications over sodium ; tho 
higher-boiliDg terpene resembled oil of mace in odour, tho lower one was turpentine- 
like {jprobably terebene]. 

The higher torpeno, after standing for some montlis in contact with nitric acid, 
alcohol, ana water, gave crystals melting at lOS®, and having the ^composition of 
terpene hydrate, or C*®H**0* With hydrochloric acid gas it 

gave an oily hydrochloride, C*"H**.HC1, and by heating for twelve hours witl!*imlf its 
weight of iodine in a flask with inverted condenser it pr^uced cymene and hydriodic 
acid. This cymene boiled between 175®— 180®, and yielded on oxidation by nitric 
acid a substance melting at 1 76 ®f vnd having the properties of paratoluic acid ; with 
dichromate of potassium and sulphuric acid, substances recognised qualitatively as 
torephthalic and acetic acids were foimod. * 

BZBnSZTTXJBin-SinCiBBAJIC^ See MKSirruorx- 

coMTOuyns. 


lTATO&n»THZOCAJtBAJHC»Zlf CSN®H>(C*’H*.CH®)> See Tolyi.- 
coxromms. • 

BZanZTBOBTmBBYBMBTBBlfB, - C1P(C«H«— 0.^ 011®)^ 

(E. terMeer«21M. Ckem. Gc^.Bef'rii, 1200 ). This compound is formed on adding acoolcd 
mixture of 26 gims. snisol and 280 grins, glacial acetic acid, to a mixture of 00 gnus, 
anisol, 15 metbylal, and 280 glacial acetic acid, the liquid becoming slightly warm, and 
acquiring first a faint reddish-violet, and then a blue- violet colour. Tho mixture, 
after standing for twenty-four hours, is neutralised with soda-ley and exhausted with 
ether, and the ethereal solufion is subjected to frt^ional distillation, thfi ^jrtion 
passing over above 360"^ being collected apart. This distillaU, which scjlidifies on 
cooling, is dissolved in alcohol, and the well-cooled solution u made to Crystallise by 
dropping into it a rcwly-formed crystal of th^ compound. 

Dimethoxylphenyl methane crystallises in small white rhombic lamina; having a 
fatty lustre. It melts at 52® and borls at a temperature above the boiling point of 
mercury. It dissolves in all proportions in hot alcollbl, easily in oohl alcohol, in 
glacial acetic acid, ether, and benzene, but is insoluble in water. It eainly forma 
bupersataruted solutions. It dissolves in sulphuric acid, especially if gently heated. 
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with a flue red colour, and is not precipitated from the eulution l>^ water. Faming 
nitric acid acts strongly on it, forming nitro-prodncts. 

nxaiBTH'SXAiaXDOBSirzOKC^AOny, O'B<N(CH')2.C00H (W. Michler, 

DeuL Chem. Ber, ix. 40())/^he chloride corresponding with an acid of this com- 
poffition, ig b'^Aned by the actiorfof carbonyl chloride on dimethylaniline at ordinary 
temperatures, or more readily at 60° in a sealed tube. The product is a blue mass 
fraversed by crystals, and on removing the excess ©f carbonyl chloride by a stream of 
carbon dioxide, and treating the remaining mass with water, dimethylamidobenzoic acid 
separates out, and may be freed from adhering colouring matter by repeated washing 
with water; and further purified by crystallisation from hot alcohol. Its formation is 
represented by the equations : ^ 

C«H»N(CH“)* + cod’* - IICl + C®H^N(CH*)®.COCl 
C*H^N(CH«)’'.COCl + H’*0 HCl + C«H*N(CH*y.COOH. 

The acid prepared as above crystallises in short broad colourless needles, molts at 
263°, dissolves in potash as well as in hydrochloric acid, but is insoluble in acetic 
acid, exhibiting therefore the characteristic properties of an amido>acid. 

The same add is produced by heating for three hours in a reflux apparatus 1 mol. 
para-amidobenzoic acid with 2 mols. methyl iodide and 3 mols. pqtasssium hydroxide 
dissolved in methyl alcohol. It therefore belongs to the para-series. 

Griess obtained the methylic etlier of an isomeric dimethylamidobenzoic acid by 
the action of heat on the metameric compound benzbetaine or trimetliyl-amidobenzoic 
acid, C®H(CH*)*(NH.^.COOH, and the hom^ngou| ether, methylic dimethyl-ami do- 
anisate, C*H*(OCH,*)N(CH")‘‘*.COOCH*, inlllffinanner from trimethyl-umidanisic acid, 
C‘»(OCH*)(CH*)»NmCOOH (2n<2 Suppl. 187. 188). 

BlMBTBnikariXiZXri:, C0H>N(CH*)’*. The reactions of this base with phos- 
phorus trichloride, bromine, nitric acid, nitrous acid, and mercuric fulminate are 
described at p. 206. * 

Pimothylaniliue heated with carbonyl chloride in a sealed tube to 60°, yields, as 
above stated, diniethyl-paramldobenzoic chlori<le ; but at higher temperatures (120'’) 
the products of the reaction are totramethyl-diamidobenzophenone and liexmethyltri- 
amiaodibenzoyl benzene: • 

2C«H*N(0H*)’ + COCl» = 2HCI + CO<c«H*N(CH*)« 
3C«H*N(CH*)* + 2COCl> -=■ 4HC1 + 

The former of those whicli constitutes the chief portion of the product is soluble in 
hydrochloric acid ; the latter insoluble (Michler). See Divhbnyi. Kktonks. 

Dimethyluttiliiie and benzoyl chloridti heated together in a sealed tube to 160°- 
180°, or boiled together fur several hours in a reflux apparatus, yield a cryshilline 
mass f«om which ether extracts dimethylamidodibenzoylbeiizene (Michler a. 
Dupertius, J)eut, Chem. Ges. Ber. ix. 1899): 

C*H*N(CH>)’ + 2(00— C'ri»)Cl = 2HC1 + ~C*n» 

Dimethylaniline heated to 180^ with percklorometkane, yields a carbotetradi- 
methylaniline, C[C*H*,N^IT^)*]^, qnd whei heiited to 230° with chloroform^ a 
methenyl-tridimethylaniline, CH[C*H*N(CH*)’*]* (O. Fischer, DetU. ChA^m. 
Ges, Ber, v. 1236). • 

BXmXBTKYXi - AXrZXiZXrB - PBTSUkXiBZirp 

C‘H*[CO.C'«H^N(CH»)*? (O. Fischer,# Chem, Ges, Ber. ix. 1763; x. 052). 

The hydrochloride of this base is formed by the action of phthalic chloride on di- 
methylaniline ; 

2C*H*N(C1H»)’ + C*H*(COCl)’ - HCl + C*ll*[CO.C*H*.N(CH*y>]*.HCl. 

Qo bringing the tw'o bodies together, heat is evolved and the mixture becomes dark 
brown, and on heating it for a short time, the colour changes to yellow-green, a violet 
effervescence takes place, and the thickened mass becomes dark green. The reaction 
is accelerated by addition of small quantities of zinc-du1»t. After the frothing is over, 
water is added to prevent furthei;,dec<miposition, and the excess of dimethylaniline is 
distilled off Vlth steam. The residue soUdifles on cooling to a resin having a reddish 
Burfuce-shimmer, and may be triturated to a dark green powder. The crude product, 
which dissolves easily and with green colour in alcohol, wood-spirit, chloroform, and 
acetic acid, sparingly in water, and scarcely at all in ether, is purified by boiling it 
several times with etlier. disSblviug it in a small quantity of alcohol, mixing the solu- 
tion with water, and crystallising the resulting precipitate from chloroform. 

Dimethylaniline-phthalein is obtained in the free state by the action of alkalis on 
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the hydrocliloride, and separates In the form of greenish^white granules which become 
colonrless on filtration, but green jigain when dry. It is also formed by the action of 
dehydrating agents (zinc chloride, phospliorif ojcide, &c.) on a mixture of phthalio 
oxide and dimothyluiiiline. ^ 

The monohydrochlorid€y C®^ir-^N’0-.HC1, dTstalRses in small neMt% having a 
greenish-yellow lustre. Tlio dihyarockUfride^ C*^H*^N*0*.2I1C1, is obtained as a yel-^ 
lowish-red, crystiilline, extremely hygroscopic precipitate? when dry liydi*ogeu chloride* 
is passed into an etherejil solution of tiio base carefully dried with calcium chloride ; 
also by dissolving the free base in hydrochloric acid. When heated on the water- 
bath, it gives off hydrogen chloride, and is converted into tlie green monohydro- 
chloride. 

A 2(C**H?l‘‘0-N-MtCI).PtCl\ IS obtained as a blue-green crystal- 

line precipitate, when an alcoholic solution of platiiiic ehlorido is added to an alcoholic 
solution of the green hydrochloride; but w'heti a solution of the base in strong hydro- 
chloric acid is added to an alcoholic solution of platiiiic chloride, the salt 
0**H-*N'‘02.2HCl.PtCP is obtained as a yellow-rod crystalline precipitate easily solu- 
ble in water, sparingly in alcohol and ether. 

Ths obtained like the platinum salt, is a tlark 
green precipitate. A yellow picrato, is formed when a 

solution of the yellow hydrochloride is added to aqueous picric acid. Some of tJie 
other salts of this base ciystiilHse well. 

Dimethylanilinc-phthalein heated considerably above 200® with melting potash is 
resoU'od into dimethylaniline and phthalM^md. 

A hexfiitro-derivative, formtHl by treating the phthalein with 

fuming nitric acid. 

nxilKIlTH'S’X-il.im.ZSril-PBTXAUW, 

is obtained by reduction of tlie corresponding phthalein with zinc-ilust and 
glacial acetic acid, and purified by crystal lisntion from wood-spirit, from wj^ich it 
separates in crystiilline grains easily soluble fn alcohol and other. The picrate^ 
is a light yellow prem’pitate. The plaiinochloride is 
nearly colourless (Fischer, Dvut. Chetn, Gea. Bcr. |•952). ^ 

I»l»KBTBYZi.A.XrXliX9ra-8VWKO»rtC ACXDv C«IBN(CH*)^SO>II. See 
p. 235. 

DZBtBTHY&«BBMrZil.ll»OB« C<H\C0.N(0«H^)-'. See Bknzi.uii)b (p. 156). 
BZMBTBYXi-BBirZBmiOXi, C'*H»-0 - C«H<(CH*)— ClIOHr-C«H^(GH»). 
See DiroLTL-CAUBiifOL. 

SZMBTB'rZi.BSarZOFBBBrOBB, - C«H\CU») -CO-C-H«tCH»). 

See DiTOLYii Kktone. 

BZMSTBYXi-BBVZ'rXi CABBZBOZ, C‘*li'<0 ^ IIOc| A tertiary 

alcohol obtained by treating plienyliicotyl chloride with zinc-methyl, and the pro- 
duct with water, just as trimetJiyl-carbinol is obtainejd ffrom zinc-methyl and acetyl 
chloride : 

C*H*.CH».COCl + Zu(CH*)’ = ZnO + 
and + HOH = >01 + 

It crystallises in lo^ needles, mekb at 20®-22®, and boils at 220®-230° (Popoff, DcuL 
Chem. Ges. Ber. viii. 768). • 

BZlBBTa;T&-]>ZBTBYZ4LMElMIOBZVM ZOBZBB. See Etkyulmixes. • 
BZmBTHZZp-BZBTK-rZ-atBTKAJZB. C’H»< - C(CH»)»(C»H*)». See Hep- 
TANTES (2nd 8uppL 643). • 

OZMBTBTX-BTRTB-JLCBTZC BCZB, C(C/1*)^C>Hb).COOH. Sec CAVtuAC 
ACIDS (p. 379). 

BZmXBTB-BTBBXABCZBrB BTBZ5l>Zl»B. See £THTr.AMiK]!s. 
BZZZBTBZ^li-BTHirXi-BBlfZBBB. C’^IP* C‘H*(CII»)»(C*H‘). See Mksity- 

LEXE, HoMOEOGUES OF. • 

BZMWrsrrZ^BVJmi CiUZBZWOZi, (CH’)'\C^H*).COH, Tkmtiaiit Aittl 
Alcohol. See 1st Sui^, 115 ; and p. 81 of this volume. 
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BTHTXiBWB-AXPHBinri^DZAMEirB, N2(CH02(C»H0^ appears to 
be formed irhen anilino is gently h^ted with excess of methylene iodide (Julie 
Lermontoff, Deut, Chem* Ges, Ber, vi. fe55). 

BXXaBT^TB-BYBKAZnrB. Soe Hydkazines. 

* C>H‘"0 = (OH*)».OmCH(l:!H»)“.-COH. See HwreTi. Ai*ohoi,s. 

]»xMBTBTXi-zsoniop‘n-cAiiBnro&, C‘H<<0 > (CH*)K:H(CH>y‘.COH. 

See H£xti< Alcohols. 

BXMSTH'ZX-XSOPBOpyXa.CABaAMXXrB 

(p. 631). 

BZlHSETBYZi-lIKAXtOBrXC ACZB, 

Soe Pykotahtaric acids. 


Syn. with Diacetonalkamike 
^rlsopyrotartario acid. 


B, C»H»N*0* = C20*N(CH*)[C0(CH»)NH]H*N» 
is formed by the action of alcoholic ammonia at ordinary temperatures on dimethyl- 
parabanic acid. It melts at 22d°« and is but slightly soluble in alcohol even at the 
boiling heat (Menschutkin, Liebig* a Annalerit clzxviii. 201 ). 

BXKBTBYB-oaLAXaZBB. See Oxamidb. 

BXlliCBTBYXi-PABiLaAWXC ACXB. See Parabanic acid. 

B., CR\C^M*,O^B.*.CK\ See Ditolyl. 

BXMBTBYXi-PaOSPKXPrXC ACX2>, PH(CH”)^0^ « PO(OHXCH«)^ See 
Phospuinic acids {2iid SuppL 966)’. 

BXlBBTBYX.-PBOPYZiBZWZBXI'B. SeeilESlTT- 

LBNE« HoUOLOQUES OF. 

BXMBTBYXi-PBOTOCA'rECBBlC or VBBATBZC ACZB, 

C®H’'(OOH*)’*.CO^H. See DioXYBiiNzoic acids (p. 200). 

BZMBTBYXi-PtmPVBOXABTBZir. See Pvkpitroxanthin. 

BZMBTBYXr-TABTABZq ACXB, = C^HXCH»)20« (Boettiuger, Ltut, 

Chem. Cf^s. Ber. ix. 1064, 1621). Yhia acid, formed by treating an alcoholic solution 
of pyruvic acid with granulated zinc (and a little hydrochloric acid) or with zinc dust, 
is related to pyruvic acid in the same manner as pinacone to acetone : 

CH=*— CO— CH« (CH*)*COH— COH(CH»)* 

•Acetoue. Finucono. 


COOH 


COOH COOH 
CH>— <i(OH)— i(i 


CH>— CO . CH>— C(OH)— C(OH) CH» 

Pyruvic acid. * Dimethyl-tartaric add. 

The £i)ic salt separates during the reaction in tljo form of a white substance, perfectly 
insoluble in cold water, whi^ zinc lactate remains in solution, together with another 
zinc salt, whicll appears to belong to a modified pyruvic acid, and separates when the 
aqueous solution is boiled. 

Bimethyltartaric acid is bibasic. The* acid potassium saltf which is anhydrous, 
dissolves with great difficulty in cold water and only sparingly in hot water. Prom 
the hot saturated solution it separated on cooling in groups of hard transparent six- 
sided plates. The neutral potassium malt forms anhydrous needles, much more soluble 
in water either hot or cold than the acid salt. Its, dilute solution forms with barium 
chloride a precipitate very slightly soluble in cold -Water, and with calcium chloride a 
precipitate a'imost insoluble in -water. By very gradually mixing the neutral potas- 
•sium salt with barium chloride, a barium salt is formed crystallising in rosettes of 
prismatic needles containing 3^ mols. water, which it gives off at 180®-200®. The 
magnesium salt is soluble. The neutral copper sal^ is sparingly soluble in water* 
easily soluble in dilute acids and in ammonia. The lead salt is insoluble in water. 
The potasqjum salt forms a*prct:ipitate -with mercuric chloride. 

]>XIIKBTBYX..TOXiYBOaUITaYBBXrBAl«MOSrZYnB* See Oxethtlene- 
TOLU 1DINK8, uuder Toltjidinb. 


r^BOBimBVBXB. 

See Naputhols. 

See Nai'utuyl. 


Sec PuiirriioxA^rHiN. 



DINAPHTHTIi^METHANE. 


65S 


The monochiorinnt^ compound 

CH*C1 — Cfl(C**H^)* is ibnned by the action of strong sulphuric acid on a mixture of 
monochloraldehyde and naphthalene : * 

+ CH»Ci— CHO =. CH*C1— pH(C»»H»)® + HJO. 

'When subjected to dry distillatioff it yields a non-solidifying oil» boiling above 360°, 
and ap]wently consist!^ of dina|}hthylothylene, With bromine it yieldi 

a viscid oil, the formation of which is attended with evolution of hydrobromic acid 
(Hepp, Deut. Ckem, Ges. Btr. vii. 1419). 

Dinaphth^l-trichlorei hanct CCl* — CH(0*®H^)®, is produced by ndxing naph- 
thalene, chloral, and sulphuric acid, at ordinary temperatures, and keeping the mixture 
well cooled. It then solidifies to a compact ^nss which, when washed with warm 
water, splits up into brittle whitish lumps. It melts under warm water, dissolves 
very sparingly in alcohol, but easily in ether, and on mixing the ethereal solution 
with alcohol, the dinaphthybtrichlorethauo gradually crystallises in small thick 
hexagonal plates (Grabowski, ibid. vi. 224). 

Dinaphthyl^dichlorethylene^ CC1*~C(C*®H’)% is formed by boiling dinaph- 
thyl trichlorethano with alcoholic potash, and separates from solution in hot aniline in 
pointed crystals. It is slightly soluble in chloroform, carbon sulphide, and bonxene, 
but aniline is the only solvent from which it crystallises well (Grabowski, too. ciL) 

9ZWikFBTB'n«-JKSTOiril, GO(G"*H’)‘‘’. See Navhthtl Kktones. 

BWAPBTBVXr-llMTBAira, G*»U*®=GH*(C^®H’)^ (Grabowski, Ckem. 

Ges. Ber. vii. 1605). This compound is'formed by the action of sulphuric acid on a 
mixture of naphthalene and motbylal : 

2C‘®H» + GHXOCH®)* - 2CH»OH + CH*(C>®H")* 

As tlft action is apt to become violent, it is best to proceed as follows : A soTution of 
5 pts. naphthalene in 20 pts. chloroform is mixed with 1 pt. methyl al ; 10 pts. of 
strong sulphuric acid are added by small portions, with continual cooling and brisk 
agitation ; and the mixture is left for twelve hours at ordimiry temperatures, with 
frequent agitation. About 30 pts. of water ar%then added : the chloroform if^^distilled 
off; the residue colloctodon a cloth, wash^, and boiled with ether ; the product which 
remains on distilling off the ether is distilled from a retort till the temperature rises 
above 800°; after which the retort is cooled, lyRl t ho black pitchy mas^*^ is further 
distilled f^m a smaller retort. The distillate solidifies in contact witli alcohol to a 
crystalline mass which is reciystallised from alcohol. At tho first crystallisation, a 
brown oil is deposited, from which tho clear solution must be decanted, a quicker 
purification being thus obtained. Tho yield of dimethyhmethane is not quite equal to 
tho quantity of methylal employed. ' 

llinaphthyl-methano crystjillises from alcohfd in short colourless prisms, melts at 
109°, distils without decomposition above .*160® and appears to bo capable of with- 
standing a considerable temperature, inasmuch ns the oily mass deposited in the first 
crystallisation yields, when passed through a rexf-hot tube filled with pumice, a con- 
siderable additional quantity of digaphthyl-mcthane, Tho compound is very soluble 
in ether, chloroform, and benzene, and dissolves in ab^ut l/> pts. of boiling and 120 pts. 
of cold alcohol. It remains almost unaltered when hefited with chromic acid mixture 
even for twenty hours. Fuming sulphuric acid converts it into a sulpho-acid. It is 
easily nitrated by nitric acid even at ordinary strength. 

Bibromodinaphthy ImethanCf is produced by adding mols. 

bromine to an ethereal solution of 1 mol. dinaphtfayl-methane cooled with 
water. The crude product is washed, first with cold, then with hot alcohol, and 
crystallised from a small quanti^ of benzene. In operating with small quantities, 
however, it is best, after dissolfing the product in benzene to add about half 
quantity of alcohol. The compound crystallises from tho mixture bf alcohol and 
lienzcne in warty groups of short colourless melte at 190°, and partly deeoili- 

poses when distillwl. It i.s .somewhat sparingly solublo in ether, benzene, and chloro- 
form, much more freely in alqphol. it is not altered by boiling with alcoholic potash 
(Grabowski). 

Tetranifrodin ap Ht hy Imet hane, C'^*H**(NO®)*'ir"Dinaphthy lmo(|ianodiftscjlves 
very quickly in 10 pts. of Aiming nitric aqid, and the solution, after ten or twelve 
hours, deposits tho tetranitro-corapound in small rhombic nearly colourless crystals, 
which may be purified by washing, and lioiling with alcohol and glacial acetic acid. 
It acquires a golden yellow colour by exposure to light,^olts at 26O°'-270° without 
perceptible decomposition and detonates slightly at a higher temperature. It is nearly 
insoluble in alcohol, ether, chloroform, benzene, and glacial acetic acid, but dissolves witn 
moderate facility in auiliue (Grabowski). 
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Dinaphthyl'Mfitkane’’picric acid^ C®*II**.2C*H*(NO®)*OH, is obtained by 
dissolving 1 moL dinaphthylmethane and 2 mols. picric acid, each in the smallest 
possible quantity of chloroform, and mixfcg the two solutions. The liquid on cooling 
deposits the acid in reddish-yellow prisms, which must . be washed with chloroform. 
It melts at 142°^^! 43®, detonates Slightly when heated, and is easily decomposed by 
ajkalis (Grabowski). ^ 

nXSTAS. On the so-called ‘Plastic Dinas Ci^stal,* see Bischoff {DingLpoLJ. 
^ ccxxi. 346 ; Ckem. 8oc. Jour. 1877, i. 354). 

XmrnntOBTXTUC JlCXlIf This acid, discovered by Franklsnd 

(iv. 61), has been further examined by Zuckschwerdt {Deut. Ckem. Ges. Ber. vii. 291 ; 
Xdebi^s A?malent clxxiv. 302). The zific salt was prepared by a method essentially 
the same as that of Frankland, but without the use of a high-pressure apparatus. 
Zinc-ethyl mixed with ether was introduced into a small flask filled with dry nitrogen 
dioxide, and connected by a series of drying tubes with a ^s-holder containing the 
same gas. The contents of the flask, consisting of a white crystalline mass, were 
then gradually decomposed by water, and when the evolution of the ethane thereby 
produced had ceased, the solution was completely precipitated by carbonic acid, after- 
wards boiled for a short time, filtered, evaporated over the water-bath, and the residue 
dried over sulphuric acid. 

The zinc -salt thus obtained has the composition : 


CW“ZnN‘0^ + 


0*H\ 

> y ^ 


H®0, 


and forms largo, colourless, well-defined thick prismatic crystals belonging t«a the 
orthorhoiuhic systom. Their mode of formation is represented by tbo loUowiug 
equations : 

*’ I. Zn(C*il«)* + A-O- 


II. 


N< 

I >() + u*o 

N<; 

\() -^Zn-C‘H-' 


^0— Zii— 

.C*H‘ 


III. 



CO- - ZuCO» 



-Zn— OH 


-h H*0. 


The zinc salt was<Teduced in a Capacious vessel l>y nascent hyd^gen, evolved either 
from sodium-amalgam and water, or from a mixture of finely divided iron, zinc, and 
dilute aqueous potash ; the evolv^ gases and'/npours were absorbed by hydrochloric 
acid ; th% solqtiou freed from excess of the latter by evaporation on the water* bath ; 
and the dried salts were exhausted with a mixture of absolutro alcohol and a small 
quantity of ether. The residue thus obtained consisted of ammonium chloride, and 
the solution contained ethylaraino. The action of nascent hydrogen on the zinc salt 
may therefore be represented by the equation : ‘ * 

Zu(C’H»N^O«)’' + 8H® =- Zn(OH)* + 2NIP -i- 2(C®H».NH*) 2H«0, 

and the products show that in dinitroethylic acid, the alcohol-residue is in direct 
combination with the nitrogen, as represented in the constitutional formula above 
given. ‘ 

OXOBZTB. The following analyses of the rock have lately been published ; 
1. Diorite from Gympie in Queensland, containing hornblende, plagioclase, and ortho- 
claae/ with small quantities of mica and fion pyrites : a. Total constituents ; 6. Soluble 
in hydrochloric acid (64*776 per cent.) ; c. Insoluble in hydrocnloric acid (45*225 per 
cent.) The quarts veins of this rock are rich in gold (Daintree, Geol. Soc, Q. J, 
xxviii. 271). 2 — 5. Dioritea^m the Baden Black Forest (Vogelgesang, Jdhredb.f. 

Chem. 1878, 1217). 2. Granular distincGy mixed diorite from the Willmendobel 

near Oberglotterthal. 3- Slaty, distinctly micaceott^ diorite from the Hulochhof near 
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St. Peter. 4. Red grecii>speck1ed tUarite-^pkanitfi from the pit at St. Margeit. 
5. Dark afihanUe-flati from the Tafalbiihl at Yach. 6. dwriU contain- 

ing a small quantity of orthoclase vith much^lagiocUse. mica* hornblende and quarts, 
from the Pauli Thai in the Bannat (Niedzwiocki, Jakre^. 1873> 1218). 
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the Diorites of the Ehrenberg near Iliiieuati and their constituent ftiiierals, 
see E. E. Schmid {Jahrb.f, Min. 1876, 136; Jahresb.f. Otem. 1876, 1287). 

On the Dioritea of Minnesota, see Stnmg a. Kloos (jahrb. /. Min. 1877, 113^138 ; 
(Jhem. Soc* Jour, 1877, ii. 721). 

See Tni^'inuirKs. „ 

See Toluidinks. 

TCOJUnrOOab. Seo Ikpoi.. 4 

SlOacrAOZPXC ikczn. Seo Animc acii> {2nd Suppi. 29). 

SZOXTAVTHWkQXrnromS. See ANrHi<AuoiKoNK(pp. 100-109). 

nzoxTBsarmras. Soo Piirnoj.s. 

BZOXYBaarZBirB-lMStrZiBHOirzc BCZB, C«H2(OH)«(SO*H)> See 
Rknzkxbdisoi-fkonic acid (p. 258). ^ 

BZOBVBBirZOZC AOZ2MI. C*H*(OH)‘ COOII (pp. 288^292). 

SZOXYB UT ZBZC JkOZB* Seo OxYiwTYitw acids, 

SZOXY’CZarCBOB’ZBZarB. C^IP^N^O*. See Gi|rcHONiDiNR (p. 487). 

nZOBYSMUlBBZC ACZX>. See Ma r.Ki J acid. 

nzoXYMBBOirZC BCZB. See 5f a i onic acid. 

BZOXTirB.BBTBA.l»B]rB8. See NAgUTHAi.KNas. 

llZOXVBBBinrBBX«rBa»rjB,C*«H*0*-CH2~0(C®U\0Up (K. tor Meer. 
I^eui. Chem, Ges. Ber, vii. 1200). ^Thie compound is formed by boiling an alcoholic hoIu- 
tion of dioxyphonyitricblorethane1C/»/rrt) with zinc-dust. The product, ^ich is usually 
free from chforine after twenty-four hours* boiling, is Altered from zinc, the zinc boiled 
with alcohol to extract the remainder, the greater part of the alcohol distilled oft 
the brown product poured into water, and the resulting precipitate crystallised from 
glacial acetic acid. ^ 

Dioxyphenylethylene forms small white crystals which melt at 280*^ with partial 
decomposition. It is easily soluble in alcohol, ether,*an^ hot glacial ae<^ic acid, less 
soluble in benzene, sparingly in carbon disulplpde. It dissolves also in dilute potash- 
ley, and the solution when evaporated leaves crystals of the potassium compound. 

ViaeeiylSoxypftenyleihylene, CH^C(C*H*.0.0*H*0)* is formed by boiling diozy- 
phenylethene with acetic anhydride. It is somewhat spaJlngly soluble in hot aIc<diol, 
ether, benzene, glacial acetic acid, and acetone, nearly insoluble in cold alcohol, and 
melts at 213^ 
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DIOXYPHENYLTBICHLORETHANE. 

»ZOZ»HBXmiT»CB&ORBTBAira» CCl*.CH(C*H^.OH)< 

(ter Meer, loo, eit.) This compound is prepared by the action of sulphuric acid on a 
mizturo of phenol and chloral : It 

2(C»H».0H) + OOP.pHO « H*0 + CC1«—CH(0*H^0H)*. 

A mixture of 2 mols. phenol and 1 mol* chloral coolad with iced water, is treated with 
ah equal volume of a mixture of 3 vols. sulphuric a^id and 1 mol. glacial acetic add ; 
the mixture is taken out of the iced water; and as soon as it becomes warm and red 
and u strong reaction is sot up, it is stirred into a largo quantity of cold water. The 
'viscid, rod, violet mass thereby separated, which becomes solid after washing and 
several days' contact with water, is digested with water on the water-bath till the 
odour of phenol disappears, then crystallised from a mixture of benzene and alcohol, 
and the crystals thereby separated are washed with cold benzene. 

Dioxyphenyltrichlorethane forms small white crystals, melts with decomposition 
at 202°, dissolves easily in alcohol, ether, glacial acetic acid, hot benzene and toluene, 
sparingly in cold bonzone. Boiling alcoholic potash solution dissolves it with red 
colour and separation of potiissinm chloride, and acids added to the solution throw 
down a rod greasy product. Dioxyphenyltrichlorethane is decomposed by heating 
with sulphuric acid, and is easily nitrated by nitric acid. 

DicuxtyUdioxyphenyltrichloretkaney CCl® — CH(C®H* — O — C®B*0)®, formed by boil- 
ing the preceding compound with acetic anhydride, crystallises from alcohol in radiate 
groups of small needles which melt at 1 38® (ter Meer). 

XIZOBTBBTZBTBBB, is ^ne of the products formed by oxidation of 

reteno with chromic acid. Fuming sulphuric acid converts it into a sulpho-acid which 
forms well-defined salts (Ekstrand, Bull. Soc. Chim. [2], xxiv. 56). 

nZOXTTKVMYab-ZITKABB, CH»—CH(C*®H*20H)* (E. Jager, 

Chem. Soc. J. 1877, i. 262; A. Steiner, T>cut. Chem. Oes. Ber. xi. 287). Thiso com- 
pound is obtained : 1, Together with dioxy thy mylethy lone, by heating dioxythymyl- 
trichloro thane {mpra) with zinc-dust. By boiling the alcoholic solution of the 
chlorine-compound with zinc-dust, then distilling off the alcohol, and pouring the 
viscid ref'duo into water, a white glutipous mass is obtained, which quickly solidifies 
and turns red in contiict with the air : and on washing this mass with very cold 
glacial acetic acid, there ramains a white residue which, after several recrystallisations, 
is obtained mi small cubes having nearly the composition of a compound of dioxy- 
thymylethano with 1 mol. jwotie acid, On heating this compound 

to 138°-140°, the whole of the acetic acid is driven off and dioxy thy mylethane remains 
behind. The mother-liquors of the several crystallisations yield dioxy thymylethyleno 
(.rilgor). 2. By adding a mixture of chloroform and stannic chloride to a well-cooled 
mixture of thyinol (60 pts. by weight), and para-aldehyde (10 pts. by weight). The 
yellow viscous mass so obtained is freed from thymol by distilling in a current of 
steam ; and by crystallising the solid residue from hot benzene, dioxythymylethano is 
obtained in the form of small white needles (Steiner). 

Dioxytliyniylethano crystallises from alcohol in large plates which effloresce on 
exposure to the air. It molts at 185® (Steiner) ; ijt 180® (Jager) ; is easily soluble in 
cold alcohol, methyl alcohol, ether, and chloroform, less easily in cold benzene, and 
almost insoluble in boiling petroleum-ether. Itf distils without decomposition ; dis- 
solves more easily in hot caustic potash than in cold, and is precipitated from this 
solution by acids (Steiner). 

Diacc 'yldioxythymyl-elhanetQ^H}*0* = CBi^ — CH(0*®II**0C*H*0)*, is prepared by 
heating dioxythymylethane and acetic anhydride at 160®-170 for several days. It 
crystallises from alcohol in small colourl«ss needles melting at 100®, and may be dis- 
tilled without decomposition ; dissolves easily in cold alcohol, ether, acetone, chloro- 
form, and benzene, also in hot petroleum ether, but is insoluble in water (Steiner). 

Bihenzoyldioxythymylethane, — CH(C'®H‘*OC’H*0)*, is prepared by 

hating dioxythymylethane and benzoyl chloride for several hours at 150®. It ciys- 
tallises from boiling alcohol in colourless neodles which melt at 101®; dissolves easily 
in chloroform, in hot alcohol, ether, and acetone, less easily in cold ; distils without 
decomposition (Steiner). 

is formed by heat- 
ing on a water-bath an alcoholic solutictp of dioxytnymylethane with the calculated 
quantities of ethyl iodide and potassium hydrate in a. flask connected with a reversed 
condenser. It crystallises from alcohol in tufts of needles which melt at 72® ; at 100® 
those ciy stale give up tlio alcohol of crystallisation they contain, and form a viscous 
mass which solidifies finally to a porcelain-liko mass. The compound is insoluble in 
water, easily soluble, however, iu alcohol, ether, chloroform, acetone, i>ctrijl4iiim-ether, 
and niothybalcohol (Sloluur). 
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DionythjiiijleUiaiie and the diaoetjl-eampound jiald tiiTmoqiiinone when oxidised 
by a mixture of manganese dioxide and solphurio acid, (steiner). 

Dioxythifmjfttriehlorethane, 0»»»»Cl»0*«0a»— CH(C"H**OH)», Is ob- 
tained by dissolrag 1 mol. chloral in 2 mols. thymol, and gxadn^y stirring into the 
well-cooled solution from 4 to 5 times its amount oAstrong sulphurio «cid dHuted wiUi 
a third of its volume of glacial "lu^etic acid. The liquid then gradually deposits a 
white resinous mass, which in contact with water soon becomes solid and granulalb. 
The well-washed product is boiled with water, if necessary, with the aid of superheated 
steam, till it no longer smells of thymol, then crystallised several times from alcohol, 
whereby spicular monoclinic crystals are obtained, consisting of a compoufud of dioxy- 
thymyltrichlorethane with 1 mol. alcohol, C**H*^C1*0= 0*H*O. 

^ jpioxythymyltrichlorcthane is easily solubl# in alcohol, ether, acetone, and wood- 
spirit, insoluble in water and in cold dilute potash solution, but is blackened and de- 
composed by potash in warm or concentrated solution. With nitric acid it fbnns a 
nitro-compound difficult to purify by recrystallisaiion. The two hydroxyls in the 
compound are easily replaced by the action of acetic anhydride or benzoyl chloride. 
By heating with zinc-dust it is j^uced, as already observed, to dioxythymylethane and 
dioxythymjlethylone (Jager, Deut, Chem, Ges. JBer^ vii. 11D7)« 

»ZOJC’rTRYllKnxiTKnBm,C^H>‘‘0’ - (0**H'* OH)»0~CH* is formed, to- 
gether with dioxythymylethane, by boating dioxythymyltrichlorethane witli zinc-dust, 
and may be obtained pure by repeated fractional crystallisation firom the mother- 
liquors of dioxythymylethane, and especially from the acetic acid with which 
the crude product has been wa.shed. It fous neodlo-shaped crystals melting at 170^~ 
171®, easily altered by light, rather more soluble in the usual solvents than the ethane- 
compound, but, like the latter, it is quite insoluble in water. 

Weak oxidising agents exert a most remarkable action on this body. Its alcoholic 
solut^n, treated with potassium ferricyanide, yields green crystals which %ave tlio 
composition molt at 214®-216^, and resist the action of nearly all solvents 

except toluene and chloroform, from which they maybe reerystalHstwl, though withcoU- 
siderablo loss. 

If, before adding the ferricyanide, the solution is rendered alkaline witii a small 
quantity of sodium c^irbonatc or ammonia, the^reen crystals are no longer formed, 
but a red floeculont precipitate falls down ; and this when dissolved in chloroform is 
deposited in the form of dark rod crystals having the composition C**H*®0*. molting to 
a brown liquid at 215®, easily soluble in chloro^m, but nearly insoluble m all other 
solvents, and easily decomposed by acids and alkalis, even when very dilute. 

A mixture of dioxythymylothylcne and the rcfi crystals, dissolvcil in chloroform, 
deposits on evaporation the green needles above described. Hence, and from the 
formula, it appears that dioxythymyl ethyl one and the two products of its oxidation 
are related to one another in the same nianiicr as hydroquinono, quinouo, and quin- 
hydrone ; the red crystals may therefore be called dioxythymy lquixiottetl|.ylone, 
and the green crystals dioxythyinylquinhydronothy lene: 


HydroquJnone. 

I 


C'H'Cgu 

Qiifohydronc 

I 

NO 

Quinone. 


it 

■Dloxytliyraylethyleno. 

t^ioxythyinylriiilnbydronethyleno 

Dioxythymylqalnonethylene. 


The quinone can be easily reduced to dioxythymylethvlcno by sulphurous acid in the 
cold, if suspended in the origiltal floeculont state in alcohol, but when once crystallised, 
it requires boiling in order to dissolve it. At a temperature of 100°, however, the 
sulphuric acid formed by the reaction proves sufficieril to elTect the filial decom- 
position of the substance, and only a small quantity of dioxytbymylethyleno is formed, 
Ligether with a large quantity of a resinous matter. A better method, however, is 
to reduce the quinone with zinc-dust and acetic acid, as in this way the formation of 
resinous matter is avoided. • 

By means of this reaction pure dioaythylmyle thy lene can easily bo produced. It is 
only necessary to treat the impure mixture of dioxythymylethylene and dioxythyroyl- 
3rd Sup. U 
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ethane, obtained by the action of zino-dnst on dioxythymyltrichlorethane, with ’weak 
oxidising agents, which act only on the ethylene-compound, and conyert it into the 
insoluble quinhydrone, which is then aga^ reduced as above described (Jager). 

See Difsbmtl. 

‘sivJUULo'BMmoMmrir&cAits^unisv, CO(KC*h<C 1.H)<, is fomed 
ao a secondary product in ^the preparation of parachlorophenyl-tliocarbimide, 
CS(N.C*H^.C1), by the action of phosphorus anhydride, or of iodine, on the correspond- 
^ing thiocarbamide {infraC^, It crystallises only from glacial acetic acid, and then 
forms long peedles. It dissolves apparently without alteration in strong sulphuric 
acid, and volatilises without previous fusion at 270®, being partly decomposed at the 
same time (Beilstein a, Kurbatow, LieM^a Annalen, clxxvi. 46). 

ZHparachloTophenplAhiocarbamide^ CS(NC®H*C1.H)®, is formed by prolonged boil- 
ing of parachloraniline with carbon disulphide and absolute alcohol. It crystallises 
ill needles melting at 168^ (Beilstein a. Kurbatow). 

2>XPJUUlCSSBYX.iLMnrB. See Toi.uu>ikbs. 

XIXPAlL&PXORYJCiAXIItZWX. See Nitbaniltnbs under Bbnzbkes, Auido- 
(p. 199). 

SXPBBSOrZO AC», = C«mCO*H— C«H^C02H. This acid, produced 

by oxidation of phenanthrene-quinone, has been already described {27id SuppL 434). 
Eihylio Biphenate^ C**Ii®(CO*O^H*)*, is prepared by treating a solution of the acid in 
absolute alcohol with hydrochloric acid, and precipitating with water. The other, 
purified in the ordinary way, is a heavy limpid liquid, partially decomposed by distil- 
lation, not decomposed by boiling with water (Ostermayer, Deut, Ckenu Qea. Bcr. vii. 
1091). 

Dib^omod iphenio acid, C**H“Bi^O’\ is produced by oxidising dibromophenan- 
threuequinone with potassium chromate and dilute sulphuric acid. The oxidation w slow 
and the dibromodiphenic acid separates very gradually on the surface of the liquid in 
the form of a nearly white powder. When purified by solution in ammonia, precipi- 
tation with hydrochloric acid, and recrystallisation from alcohol, it forms geodes of 
small crjcstafs, melting at 296®-296®,Miearly insoluble in cold water, very sparingly 
soluble in hot water, somewhat soluble in alcohol and other. It has a bitter taste, 
and reacts with metallic salts like diphonic acid. The barium and calcium salts crys- 
tallise in Very thin scales, slightly soiublo in water and in alcohol (Ostermayer, Dcut, 
Chem. Oea. Her, vii, 1091). 

Binitrodiphenio acid, C'^H«(N02)20*=:C»H»{N02).C0*H— C«H»(NO*)— CO^H. 
An acid of this composition is formed by the action of powerful oxidising agents on 
dinitrophenanthraqumone. It is a white powder, slightly soluble in ether and in cold 
water, more soluble in hot water and in alcohol. Its barium aodt, C**H“(N02)*0*Ba + 
forms long prismatic crystals ; the sUvcT salt is a white powder (R. Struve, 
Beut, Chem. Gea. Ber. x. 75). 

Biamidodiphanic acid, C«H»(NH®).CO®H, 

formed by the action of reducing agents on the uitro-acid, is a white amorphous pow- 
der melting at 250°-261°. It is but slightly soluble in the ordinary solvents, but its 
ammonium salt is very soluble in water. Its Iwdrochloride heated with soda-limo 
yields a diam i (fo-diphonyl, C'*H*‘(NH*)® which melts at 156®-167®, and is there- 
fore isomeric with benzidine (m.p. 118®). This diamidodiphenyl forms with potassium 
/erriq/anide a blue precipitate insoluble in hot water and in acids, and gives with 
c?dorbieUvate^, first a blue, then a gfeen, and finally a reddish-brown coloration 
(Struve). 

Griess obtained mc^a-diamidodiphdhic acid, (CO*H : NH®=* 1 : 3), (convertible 
into benzidine), by reduction of metazoxybcnzoic acid, and the ortho-modification, by 
the action of ammonia and acetic acid on the hydrochloride of orthohydrazobenzoic acid 
(p. 277). The structure of the diamidodipbenic acid obtained by Struve has not been 
exactly determined, but it is certainly not the meta-modification. 

BXFBBirO&v syn. with Dioxydiphenyl, C^H^OH — C*H<OH (see 

DiPHBNvn). The same name has been applied, though less appropriately, to Oxy di- 
phenyl, CWCH (2nd Buppl, 938). . 

UZBAainXi — C*H4. Oceurrfnce and Eorma/ion, — ^Diphenyl hai 

been detected by £. Buchner (Beuf, CAem. Gea. Ber. viii. 22) in coal-tar. It was 
separated by subjecting the portions which distilled over at intervals of 5^ betweer 
242° and 268°, to the action^bf a low temperature, pressing the solidified mass, and 
recrystaHising it fbom alcohol. 

Biphenyl is formed, together with anthracene, chrysene, hydrocyanic acid, ammo- 
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nfa* ammoniimi ejanide^ and free eeurbon, when asobensene is passed through red-hot 
tubes (Claus a. Suckert, JknU. Chent, Oes, 5er. viii. 87). 

Preparation. — ^AcMzding to O. Schults Ifaehia'e Annalen^ clxxiv. 201), the quan- 
tity of diphenyl obtained by Fittig*s method (acuon of sodium on a mixture of Jben- 
zene and bromobenzene, ir. 4091 amounts to betireen 9 and 12*7 cent, of the 
benzene used, or 16*6 per cent, of’ the bromobenzene decomposed. A better yield is 
obtained by Berthelors method of passing benzene vdpour through a rad-hot tube 
SuppL 918). If the benzene be distilled at the rate of 100 to 200 grams per 
hour, through an iron tube heated to bright redness, but not to an intense white heat,' 
the yield is about 30 per cent. ' 

l^en diphenyl is prepared by Fittig*s method, a high-boiling thick oil containing 
bromine is obtained as bye-product. On standing, long white needles separate out, 
consisting of The same body, which melts at 196®, is also pi^uced by 

acting on the oil with sodium. 

The bye'products contained in the diphenyl obtained by the method of Berthelot con- 
sist of Berthelot's ckry&ene^ henterytkrene^ and bUumene {let Suppl. 261 ). The chryseno 
is a mixture of two modiftcations of diphenylbenzeno, C*"!!** (p. 666), and a yellow oil. 
The production of the former may be explained by tho equation, 3C*II*=3 + 211®, 

or else by C*H* + C'^U*® « + H® ; out tho latter equation is not very probable, as 

only an insignificant quantity of diphenylbeuzone is obtained by passing a mixture of 
benzene and diphenyl through a red-hot tube. 

H. Liiddens (Her. viii. 870) recommends a modification of Berthelot’s process, 
which consists in passing a mixture of bexi^ue vapour and carbon dioxide through an 
iron tube filled with fragments of pumicerand heated to bright redness in an ordi- 
nary ^ combustion furnace ; when the process is thus conducted, only a very small 
quantity of charcoal is deposited in the tube. 

Watson Smith {Chem. Soc, J. 1876, ii. 30) prepares diphenyl by passing benzono- 
vai)our mixed witli antimonious or stannic (^lorido through a red-hot tubo (soo also 
Aronlioim, Ber. ix. 1878). With antinmnioMe chloride tho reaction is: 

6C«H« -f 2.SbCl® » Sb® + 6ITC1 + 3C'*H*«. 

By repeating tho distillation several times, a quantity of diphenyl is Obtain^, much 
larger than that which results from the use of benzene alone, but still considonibly 
below tho Uieorotical amount. With stannic chlo^^de tho two following roaclions take 
place : 

4C*II« + SnCB - Sn + 41101 + 
and 40®11« + 2SnCB * 2SnCl® + 4IIC1 + 20«®H«, 

By this method diphenyl is obtained in largo quantity, and is found in the receiver in 
solid cakes consisting of a mixture of diphenyl with stannous chloride, the latter of 
which may be removed by hydrochloric aad. This is undoubtedly tho qj^iickost 
method of preparing diphenyl. 

Diphenyl may also be prepared by heating phenol with potassium to 240°, and 
precipitating with water : 

2C»H=On + K® - 2KOH + ; 

or by decomposing monobromobetizene with the current of a battery of two Bunsen's 
elements, the positive electrode being forihed of swlium or zinc (Christomnnos, Gaec. 
chim. ital, 187 A 402). . • 

Properties and Reactions. — Diphenyl melts ^t 69*6°, and boils at 288*6° (Christo- 
manos). Heated in a stream of chlorine in pr«sonce of iodine, it is converted into per- 
chlordiphenyl, (Rnoff^Ber. ix. 1048). Chlorine, in presence of SbCl*, con- 
verts diphenyl into parachlorodi phenyl and paradichlorodiphenyl (Kramers, Lieb^s 
Afmalen, clxxxix. 142). A mixture of diphenyl and ethylene, pawed into tho state ^f 
vapour through a red-hot tube, yields a mixture of benzene, cinnamone, anthracene, 
and phenanthrene, together with unaltered diphenyl (Bsrbier, Ann. Oh, Phys. [6], vii. 
632). • 


SUBSTITUTION-DBJKlVATliTBS OF DlPHBMTI.. 

Diphenyl, subjected to the action of b^ogens, nitric acid, and sulphuric acid, 
yields mono- and di- substitution-derivatives. In thee former, such as C*®H®Br, 
C‘®H®(NO*), C**H*(SO*H), the substituted radicles mostly stand to the place of junc- 
tion of the two benzene- nuclei in the para position. The di-derivatives are known in 

u u 2 
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two modiflcations, the most fluent being thoee in which both the snbetitated gnn^ 
are in the paia-positioil retatively to the point of jnnetion : 




Monobromodiphenyl 
(para). ^ 



(paxa-iMura). 


By oxidation ^th chromic anhydride, the monoaubstituted diphenyls yield pnra- 
derivatives of benzoic acid, the group C*H*Br, for example, being oxidised to (1 : 4) 
bromobenafoic acid, while the other group (C®H*) is broken up. The di-derivatives, 
on the otbeif hand, are converted by oxidation into two para-derivatives of benzoic acid, 
C*H^(NO*).C*H^Br into p-nitro and p-bromobenzoic acid. 

G. Schultz {Liebifa Annalen, cbtxiv. 201) hajs further examined the mono-deriva- 
tives already described {2nd Suppl. 937), t(^ether with several di-derivatives. Some 
of these compounds have also beep examined by Osten {Deut. Ckem. Gea. Ber, vii. 
170 ). 

Mono-derivativea, 


Bromodipbeiiylp 0'*H*Br ««= 0*H* — C*H*Br, is formed bv adding the calculated 
quantity of bromine to a solution of diphenyl in carbon sulphide, kept cold until the 
first reaction is over, and then heated on a wator-bath as long as hydrobromic acid 
escapes. By fractional distillation and crystallisation from alcohol it is separated 
from unaltered diphenyl and dibromodiphenyl. It is moderately soluble in cold 
alcohol, more freely in hot alcohol and £;6tic acid, and very easily in ether, carbon 
sulphide, ethyl bromide, and benzene. From alcohol it crystallises in thin plates, 
melting at 89®, boiling at 310®, and smelling like oranges. On oxidising it with a 
solution of chromic trioxide in acetic acid, it yields parabromobenzoic acid. 

Cl&lorodlplieiiyli C'®H®C1, is obtained by distilling diphenylsulphonic acid 
with potash — whereby it is converted into dioxydiphenyl or diphenol, C‘“H’(OH)’— 
and heating the latter with phosphorus pontachloride. It is freely soluble in alcohol 
and ether, and forms crystals melting at 76® and smelling like oranges. By oxidation 
it yieWi parachlorobenzoic acid. 

mtrodlpbenyl, 0**H*N0*, is prepared by boiling 5 pts. of the hydrocarbon with 
10 pts. olL^vlacial acetic acid, and 4Vif concentrated nitric acid, or by treating 2 pts, 
of diphenyl with 3 of the acid in the cold. It is sparingly soluble in cold, more freely 
in hot alcohol, and crystallises in long nee<lle8, melting at IIS*^, and boiling at 340®, 
On oxidation it yields paranitrobonzoic acid, and by reduction it is converted into 
para-amidodi phenyl, C**I1®NH*, Hofmann's xenylamine (Schultz). According to 
Luddens (2/«*:'viii. 870) Uie process above described yields orMo- as well as ^ara-nitro- 
diphonyl. He prepares the two modifications by mixing a solution of 16 grams 
diphoiyl in 60 grams of glacial acetic acid, heated to about 60'^, with a nearly cold 
mixture of 48 grams fuming nitric acid and 48 grams glacial acetic acid. The para- 
modification then crystallises out*' first, and the last mother-liquor contains a con- 
siderable quantity of the ortho-compound. Tho latter separates at winter tempo- 
lature from an alcoholic rolution diluted as much as possible with water, in 
light yellow, marly colourlAs crystals, which*/ gradually grow to moderately broad 
and thick plates about an inch long. It melts at 37® (Schultz). 

Boetamldodlpbenyl, G'^H”(NH.G^H^O), obtained by prolonged boiling of amido- 
diphox]^yl with glacial acetic acid, crystallises in long shining needles easily soluble in 
alcohol and melting at 167® (Schultz)* 

Cyanodipbenylt G‘*H*N — C*H^-*-C*H'*(CN), is prepared by heating an intimate 
mixture of dry potassium diphenylmoDosulphonate,^C*H*.G*HXSO’K), with potassium 
cyanide in a stream of dry carbon dioxide ; the cyanodiphenyl then condensing in the 
cold part of the tuhe. It crystallises from alcohol in hard compact colourless crystals, 
7s insoluble in water, dissolves very easily in alcohol and in ether, melts at 84®-86®, 
and volatilises without decomposition (Doebuer, Liebig^ a Anruden, clxxii. 109). 

Oxydlpbenyl, — C"H«(OH). This compound is formed by fusii^ 

potassium diphenylmonosulphonate with potash ; and, together with potassium oxydi- 
phenyldisulphonate, by the ^action of hoit on potassium oxydiphenylmonosulphonate ; 
also by the action of potassium nitiite on the monoamidodiphenylsulphonate. It 
crystallises in felted microscopic needles, melts at 1 64®-l 66®, boils without decompo- 
sition at 306®--308®, and volatilises with vapour of water (Iiatschinoff,t2>0ttf. Chem^ 
Qaa. Ber, vi. 193). v 

Beneoyl’^^xy diphenyl, C**H*(C’H*0)0, formed by the action of benzoyl chloride 
on oxydi phenyl, crystallises in elongated tables with re-entering angles, melting at 
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152** (not at 132^ M stated in 2nd Bnpph 938), dissolves np^xinf^ly in alcohol and 
ether, easily in boiling benzene containing toluene. 

A’»iro-oxy<;i/>AewyL.C«H*(NO0OH anl C**H»(NO»)*OH, are formed gently 
heating 3 pts. of ozydiphenyl with 4 pta. nitrie acid of sp. gr. 1*2; and on distilling 
the product with water, the monoft^Vro'-compound paJns over alone. It ciyetallises in 
lemon-yellow prisms or laminm with re-entering angles, molts at 67®, sublimes at. 
110^ and ^ssolves easily in alcohol and other. In aqueous alkaline carbonates it 
dissolves without bvolution of carbon dioxide, forming unstable red comMunds, which 
in drying, and partly in dissolving in water, give up mononitro-oxydiphonyl. From 
the potassium-compound, ether extracts the nitro-oxydiphonyl even in preseuoe of 
potassium carbonate. I « 

Dinitr<M)xydipkenylt C**H*(NO*)*OH, crystallises in golden-yellow laminae or 
elongated tables, which melt at 154'^, and dissolve with difficulty in alcohol, ether, 
and benzene. On heating the compound with solution of potassium carbonate, a 
sparingly soluble potassium salt, C'*H^(NO*)*OK4- 2H“0, is formed, which crystallises 
in annular groups of laminse (Xiatschinoff). 


Di-derivativcs. 

Hiliromodlplteiiyl, — C^H^Br, obtained by triturating diphenyl or 

mononitrodiphenyl with bromine and water, is a liquid which boils without decompo- 
sition at 3d5*’-d60^, and has a pleasant odqpr of oranges. Dissolved in glacial ncetio 
acid and oxidised by chromic acid, it yields jMzrabromobenzoic acid. The same dibro- 
modiphenyl is obtained by heating the diazoperbromido prepared from benzidine or 
diamidodiphonyl, which has its two amidogon -groups in the para-position with respect 
to th% point of junction {Ist Suppl. 210) : hence it follows that this dibromcAiphenyl 
is also a para-para-compound. 

Sromonttrodlplienyl, G**H*I3rNO^ is obtained by heating equal parts of 
bromodi^henyl and concentrated nitric acid, exhausting the crude product/ several 
times with boiling alcohol, and crystallising l^io residue from toluene. ,7*he same 
compound is formed by boiling diazonitropbcnyl porbromide with alcohol. It crys- 
tallises in long white needles, molting at 173*^, and boiling above 360°. On oxidation 
it yields parabromobonzoic acid and a little panisiiYrobenzoic acid. 

Isobromonitrodiphenyt , — This isomcrido is formed, together with the preceding 
compound. It is readily soluble in alcohol, and forms 6 no ciystals, molting at 65°, 
and boiling at about 360°, The same compound is also produced by treating isodi- 
azonitrophenyl porbromide with alcohol. ^ 

Alnitrodlplienyl, is best prepared by adding 6 pts. of concen- 

trated nitric acid and 1 pt. of sulphuric acid to 3 pts. of diphenyl, and wihen the 
violent reaction is over, boiling the mixture ibr a short time. The crude product is 
exhausted with boiling alcohol to remove isodiijitrodiphonyl. The pure compound 
crystallises in needles, melting nt .^33°, and not at 213°, as Fittig found (iv. 410). 
It is soluble in hot sulphuric acid, and crystallises a^in on cooling. A solution of 
chromic trioxide in glacial acetic acid does riQt oxidise n, and may used for purih- 
cation, the compound separating on the mMition of water as a pure white precipitate. 
By the action of hydrogen sulphide it is r^lucod to amidonitrodiphenyl, C‘®n'‘(NOqNH*, 
possessing all the properties of Fittig^s compound, with the exception of tb^ melting 
point, which was found to be 198°, iustoiid a)f 160'’. On oxidation it yields para- 
nitrobonzoic acid. By passing nitrous acid i^to a mixture of amidonitrodipbonyl and 
hydrochloric acid cooled by snow, until all is dissolved, and then adding a mixture 
of bromine and hydrobromic ackf, a perbromide is obtained as a dark red precipitate, 
which by boiling absolute alcohol, is couverted into the bromonitropbanyl melting at 
173°. Nosr as amidonitrodi phenyl yields paranitrobenzoic acid, and the correBpf^t¥l- 
ing bromonitrodiphenyl yields parabromobcnzoic acid, it follows that all the di- 
substitution-products id diphenyl which are not distinguished by the prefix Uo, are 
dipara- or para-para-derivatives. ' ^ 

When the action of the hydrogen sulphide is ooutin^ed for some time, or assisted 
by heat, the (p-jf) dinitr^iphenyl is reduced to a dianiidcfiliphenyl, 
d*H1(NH*) — C*HXNH*), identical with benfiidine (firom azobenzene, i- 544), which 
is therefore also a (p-p) derivative. 

Benzidine exhibits the following characteristic reactions : — potassium permanga- 
nate colours it blue ; chromic acid converts it into a bltck body ; and chlorine con- 
verts these, as well as benzidine, into a red substance having the appearance of ferric 
hydrate. It is insolnble in water and acids, and is converted into an acid by oxidis- 
ing it with potassium dichromate and sulphuric acid. 
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hodmUroMphenyl may be obtained' from the alcoholic mother-liquors of the pre^ 
ceding compound, and crystallises from idcohol in long colourless ne^os, molting at 
93*6^. Like its isomeride, it may be with chromic a4df,^though it appears 

that some of it Js completely oxld^ised by this treatment, ^ ^ , 

Isoamidonitrodiphenyl is produced by passing h;^rosen sulpj^e into a mixtu^ 

Che, dinitro-compound, ammonium sulphide, and ajcohol. It is^Saost insoluble: iS^ 
water, readily in alcohol, and crystallises in short red prisips melting at 97®^8?. 
Its hydrochloride, C**H®(NO®)Nj&*,ClH, crystallises from hot wateir in long, :#hito 
needles.. . 

3y reduction with tin and hydrochloric acid, isoamidonitrodiphenyl is oonymrted 
into dip ho ny line, C**H«(NH*)*. c " 

The perbromide of the diazo-cowpound of isoamidonitttydiphenyl, yields by decom- 
position a bromonitrodiphenyl identical with that which is obtained as above from 
bromodiphenyl (m.p. 66®) : consequently the amido-group in isoamidonitropHonyl 
occupies the para- position. 

Dibromodinitrodiphenylt C^*H*Br*(NO*)*, obtained by treating dibro^odi*' 
phenyl with strong nitric acid, crystallises from benzene in needles melting at *148®, 

It is not attacked by chromic acid dissolved in glacial acetic acid, but is reduced by 
tin and hydrochloric acid to dibromodiamidodiphenyl, which 

melts at 89®, and is converted by oxidation with chromic acid into an add contain- 
ing bromine and nitiogen, and melting at 155®. 

Azo-uhrivatives op DiNiTuoDiPHENvn^H. Wald, Dent, Chem, Gee, Ber, x, 137). 

1. Paradinitroazoxydiphcnyly C*^H**N^O*. — This compound is fdrmed by the 
action of sodium-amalgam on paradinitrodiphonyl suspended in alcohol, and is purified 
by washing it siiccessivoly with alcohol, chloroform, and ether, in which it is nearly in- 
soluble, dissolving it in boiling aniline ; filtering ; freeing the rod powder which separates 
on cooling from motheivliquor by means of the filter-pump ; and finally washing with 
alcohol and ether, and drying. It forms a brick-red crystalline powder, insoluble in 
most liquids, but readily soluble in boiling aniline. It melts at 226®, dissolves with 
fine deeps ^od colour in strong sulphqric acid, and forms with strong nitric acid a 
yellow eon^qund, insoluble in alcohol and ether, but soluble in benzene. By reduc- 
tion with tin and hydrochloric acid, or with alcoholic ammonium sulphide at 116®, it 
yields benzidine melting at 122® : * *. ^ 

C34H>«N«0» + 9n» « 20‘*H''(NIP)’ + 6H‘^0. 

2. Isodinitro-azodiphcnyltC^^li}*^*0\is formed by t^e action of sodium- 
amalgam on ispdinitrodipbenyl suspended in alcohol, and sjj^fates during the re- 
action in yellow flocks, whicn may be washed on a filter with cold alcohol, and 
furihor purified by crystallisation from boiling alcoliol, which dissolves it but 
sparingly, and deposits it on cooling as a yellow powder. It dissolves easily in 
chloroform and benzene; melts at about 187®; and dissolves wjtb brown-red coloul*- 
ill strong sulphuric acid. 

The two compounds just described may bo formulated as follows : " 


NO*— O'*!!# (>11*— NO* 

i'H*— N— N— 

• • V . 

FamdiDitro-azoxydiphen,]. 


N0».-0“H* CTI‘— WO* 

> C''H'^N=N— 

Isodinitro-azodlpheiiyl. 


Dloyanoatpl&enyli C**H*N*«=C'‘H*(ON)*.C®H\ is prepared by heating a 


ol the monocyano-compound {p, onu}. JLiicyanoaipnonyi is msoiu^H 
sparingly soluble in cold, easily in hot alcohol, and crystallises th^pm^^fawrtfiiwse 
groups of thin colourless needles. It melts at 234®, anil sublimes witfi^ltt 
sition in shining serrated laminae (Biobnor, Liebifs Annalen, dxxii. 155^ J 

Sloxy^fipliei&y] or iDtplienolt numeri>ii8 

possible modifications of this compound, • four are at present known, thMia. being sym- * 
metrical, that is, having one hydroxyl in each phenyl-group, and the foijrth tmsym-. 
metrical. ^ ^ 


1. Oriess, in 1864, obtained a diphenoi by the action of water on nitiate of „ 
tetrazophenyl (iv. 412; v. 1056), and tho same modification 1ms been furtharV 
examined by Linoke (tf. or. Chem, [2], viii. 43 J, who obtains it by fusing the ^tassium' ‘ 
or sodium salt of phenolparasulphomc acid with a caustic alkali. When tius potaJH 
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siiiin salt is heated with at least twioe its weight of potassite hydroxide and a little 
.water, a rather brisk reaction takes place after a while, hydrogen being evolved, and 
the mass gradually a^^ing a yellowish-^wn colour. As soon as it has paired 
the consistence of^ tmick syrup, it is left to cool, dissolved in water, and acidulated 
- Vith sulphuric acid, wliereupta carbon dioxide ai^ sulpbur dioxidaaro evolved, and 
i^^inouB products 1|pparat6 out. '*The unfiltered liquid, freed from mssolved mies by 
filing, is shateu up with ether, and the thickish oj^ which remains after distilling 
the ether is ^stilled after drying. , The portion which passes over bolow’SOO® 
pcMsts mainly of phenol, and tJie crude diphonol which passes over above that 
toib{Wiature soon solidifies in the receiver to a crystalline mass. .The quantity 
obtained if ^bout 5 or 6 per cent, of the pheiiolparasulphouic acid employed ; a 
quantity may be obtain<Hl by fusing sodium phenolparasulphonaio with oaustio 
soda.. The product, purified by several rrcrysUillisations from water, and sublimation 
in a. stream of carbon dioxide, forms white feathery groups of crystals having a silky 
Instrof 

This diphenol ciystallisos from water in slender needles or rather broad prisms, 
which appear from approximate measurements by Siogort to belong to the orlbornombic 
sys^iD. Axial ratio : 

Brachydiagonal. Macrodiagonal. Principal axis. 

2*266 : 4096 : 1 

0*606 : 1 : 0*244 

Combination, opP . P . oopoo . wiPoo. Angle oop : coP« 122® 36'; P : P=== 154® 50. 
It .molts at 156®-158^, dissolros voryssparingly iti cold water, with difficulty in 
, boiling water, easily in alcohol and ether. It dissolves also in alkalis, and is prooi> 
pitated by acids. With basic lead cbcetaic it forms a white precipitate. It is not 
reduced by passing its vapour over heated einc-dust. Witli strong nitric acid it 
yiehla a uitro- product, the ammonia* salt of which crystallises in long mfbdlos. On 
pouring bromine into a solution of the diphenol in dilute alcohol, and heating the 
liquid in a wator-bath, a flocculont substance separates, which crystallisoK from alcohol 
in microscopic needles. Strong sidphnrk acid quickly dissolves the diphenol at tho 
heat of the water-bath, forming a siilpho-acid, tlie aqueous solution of which dries up 
to friable masses. * ‘ ' 

This diphenol, being formed from 2 mols. of piiraphonolsul^bohic acid, 

(1 : 4), i#of symmetrical strncUifo, and has its two hydroxyls in tho 

para-position with rc.s|>oct to tho point of junction, tliat is to say, it is dipara- 
diphenol : 


>aH + 2KOIl 


HO<^ 


^0*K+ SO*K<y ^OH+2KOH -HOy ^ \ 

. . + 2S04£* + H« 

2 and 3. These bodies are protlucod by fusing phenol with potassium hydroxide. 
Barth in 1870 {LUbig^s AnnaUmy ;plvi. 93J obtained in this manner a yellowish-brown 
miUM coosistisg of a diphenol, together with salicylic and oxybenzoic acids, the diphenol 
scpwt^'trom it being a viscid oil, in which crystals ibrmed after several weeks. This 
product hafr lately been further examintd by Barth a Schroder (Deul. Chem. Ges, Ber, 
1876, 133K crude product was distilled under a reduced pressure of 150 mm., 

,tho great«^)ortion passing over between 310® and 330®. The distillate a^r a short 
time solidified to a bard crystalline mass, cqpsisting of two kinds of crystals, namely, 
long needles and luninse. Those were purified and separated by a long process of 
fractional crystallisation, &c., for the details of which reference must be made to the 
original {Htpar* l^th consist 49f diphenols (a and ^), tho acicular modification being 


by far abundant. • 

^ crystallises in anhydrous slender flattened needles often more ^ban 

is more soluble in water than the fi-compound, but nevertheless 
first from the mixture of the two obta.ioed as above, on account of its 
iqudk^wBrqnantity. It^'dissolves easily la*alcohol, ether, chloroform, benzene, 
xytoei^m^^Its aqueous solution forms with^r?;^ chloride a liquid having a eom- 
fiower-bWItlbliour, which reniains for weeks without afteration or turbWity, but is dc- 
ecdorised by sodium carbonate, and when h^ted deposits a red-brown precipitate, not 
however (Msunsting of ferric oxide. It melts below 100® when immersed in water, and 
at 128® ill the diy state. Vapour-density (q)^s.) —fi'AC ; (ailc.) ■■6'44. 

♦'Diphenol, distilled over einc-dust, yiel& a large ^lantity of diphenyl. Heated 
to 130® for some hours in a sealed tube with potash, methyl it^ide, and a sxwl quantity 
of methyl alcohol, it yields liquid dianisol. 
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ic-Diphenol heated with a quantity of sulphuric acid slightly in excess of that 
which is required by the equation : 

C>*H*®0* + 2SO*H® = q|»H«(HO)“{SO*H)» + 2H®0. 

is converted into ^ diphenol-dis^lphonic acid, which may be' obtained pure by 
evaporating the liquid in a platinum dish till fumes oC sulphuric acid begin to escape, 
then neutralising the slight exqpss of sulphuric acid as nearly ia possible with the 
calculated quantity of lead carbonate, freeing the filtrate from tracers of dissolved lead 
by hydrogen sulphide, again filtering, and evaporating the liquid to a syrup ; it then 
solidifies in Ihe exsiccator to a light grey crystalline mass. Ifiphenoldisulphonic acid 
thus obtained is extremely soluble in water. Heated to 110° it decomposes, and is 
converted into a brown, varnishdike, extremely hygroscopic mass, which is also formed 
when the acid is subjected to prolonged drying at 100° in contact with the air. The 
sodium scUii C“H®S*0"Na“, obtained by saturation, separates in stellate groups of 
slender needles containing 2 mols. water, which are given off at 200°. The potassium 
salt crystallises in needles with 1 mol. H*0. The barium salt, obtained by decom- 
posing the potassium or sodium salt with barium chloride, is a crystalline precipitate 
also containing water. 

On heating the potassium salt of this disulphonic acid with excess of potash, 
acidulating the melt — whereupon it gives off sulphur dioxide — then digesting it with 
ether, evaporating off the other, dissolving the residue in water, and leaving the solution 
to crystallise in a vacuum, a brownish crystalline mass is obtained consisting of matted 
needles, easily dooomposible and very difilcult to purify. Analysis gave 67*68 per 
cent, carbon and 4*78 hydrogen, whence, andlfrom the mode of formation, it may be 
inferred that the ^ substanco is a totroxydiphenyl, OH)^ (calc. 66*06 C. 

4*69 H). lly sublimation in a stream of hydrogen, a small quantity of this substanco 
was obtaiqipd as a colourless crystalline film melting at 84"^. Its aqueous solution 
gives with, ferric chloride a light green colour reaction, changing, on addition of a very 
small quantity of dilute solution of sodium carbonate, to dark blue, on further addition 
to violet, and finally to red. This reaction, which is extremely delicate, is exactly the 
same as that exhibited by pyrocatechin, excepting that the green colour at first pro- 
duced is sqmewhat lighter. The comp 9 ;aud may therefore appropriately bo 

called dipyrocatochin. 

/3-Di phenol, when pure, crystallises in small glittering laminae. It is somewhat 
sparingly sol^^ble in water, and forms i^ith ferric chloride a cl^r light green liquid, 
which, after a while, becomes turbid and colourless, and deposite green flocks. With 
other solvents it behaves like a-diphenol. It is anhydrous, melts at 100°, and at 
higher temperatures yields a vapour whose density is 6*39 (calc. 6*44). By distillation 
with c'iru! it yields a large quantity of diphenyl, and when treated with potash, 
methyl iodide, and a little methyl alcohol, it is converted into a crystalline 
dianisol. 

These,. two diphenols, a and /3, being formed from 2 mols. of phenol, have, like 
Griess's diphenol, a hydroxyl in each phenyl-group. Moreover as their formation is 
accompanied by that of a large proportion of salicylic and a small proportion of mota- 
oxybenzoie acid, but never by that of paraoxybenzo^ acid, and as the proportion of 
o-diphenol produced is much grcfiter than that of the i3-modification, it is most prob- 
able that a-diphen^l is the di-orF/iO-modifi<jation, tlv^t is to say, has its two hydipxyls 
contiguous to the point of junction, and that i3-4iphenol is the di-meta or the ortho- 
modification. It is, however, by no means impossible that.one of the two may be 
an o-m-mqflification. 

4. The fourlh modification of diphenol was discovered in 1871 by ISngelhardt a. 
Ijivtschinoff, who obtained it by the octio^ of molting polish on the diphenyldisul- 
phonic acid prepared by heating diphenyl with sulphuric acid (2»k2 Suppl. 938), and 
has been further examined by Doobner {Deut. CkcM. Ges, Ber, ix. 129), As the 
reaction just meiftionod does not take place very easily, it is best, after precipitating 
the resulting diphonol with an acid, to fuse it again with potash and reprfcipita^: 
The diphenol tlius prepared is sparingly soluble in water and benzene, dissmves easily 
in alcohol and other, crystallises from alcohol in shini^ laminae, sublimes in fan- 
shaped groups of scales, and .mrits jit 269°-27U°. It re energetically attacked by 
oxidising a^nts, and reduc^ Dy^ heating with zina-dust to diphen^^ Fuming 
sulphuric acid fionverts it into aMiphe'h yl-disulphoni'c ac id, the pot^ium salt of 
which, 0**H*(0H)*(S03K)®, forms prisms tlightly soluble in water. On heating- the 
diphenol with 2 mols. PCI*, dichlorodiphenyl,''C”H*Cl*, distils over as a white 
substance which gradually solidifies, and after repeated crystallisation from glacial 
acetic acid, forms geodes of snftill needles ; it sublimes in long shining needles, and 
melts at 179°. It is insoluble in water, nearly insoluble in alcohol, ether, and benzene. 
When oxidis^ with chromic acid and glacial acid, it yields dichlorobenzoic acid 
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meitiiig at 201^. Hettee it follows that the diphenyl-dtsulphonio acid from which this 
^chloio-CGfmpoand is derired, and all its other deriTatiTos, are unsymmetrioid bodie^ 
having their two liubstituted radicles in tlto same phenyl-gronp. The diphenol is 
therefore repro^nted by the formula C*H^OH)* — C*jBt*. 

The four diphenols above described are sharpiy distinguished fafr their melting 
points, as shown by the following'table : 

• * 

Symmetrical, C«H<(OH)— C*H<(OH) : 

Melting point 

1. From phcnolparusulpbonic acid (Griess) . . . 156*^-168®* 

2. From phenol (Barth a. Schrcder) a . . . . 269^-270® 

3. „ „ 3 • . . . . 128® 


IJmymvutrical, C«H»(OH)=— C“H*: 

4. .From diphcnyl-disul phonic acid (Kngclhardt a. IjatschinoiT, 

Doebnor) 190® 


-ACBTAXiSaKYBB, C*<H«0 - (C*HyCH— COH. This com- 
pound is a thick, oily, colourless liquid, formed, together with solid products, by the 
action of dilute sulphuric acid upon h}*drobonzoin or isohydrol^nzoin, 
— H’O + It volatilises with vapour of water, and is converted by 

oxidation into carbon dioxide and dipheny^jtetono : 

(C«H*)*CH— COH + O* « H»0 + CO* + CO(C«H*)» 

(Zincke a. Brener, Bent. CHcm, Ges, Bcr, ix. 1769). 


BZPBnrsX- AOBTXC AOXB, « (C*H»)»CH -CO»H (Symons m Zincke. 

t/rid. vi. 1188). This acid, also called deoxyheneUw avid, wliich Jena obtained by 
heating benzilic acid to 150® with concentrated hydriodic acid {2nd SuppL 158), nmy 
be prepared synthcticfilly by heating phenylbromacctio acid with bonzono ana zinc. 
The product of the somewhat violent reaction is a viscid colourless syrup, prol)abIy 
consisting of the fused zinc salt of diphonylacotiu acid. By converting this sHT^ into a 
barium salt and repeatedly crystallising the latter from alcohol, or, Iwil.ter, by proparinff 
and crystallising the ethylic ether, the diphcnylacetic acid may bo obt^iined pure, and 
then exhibits all the properties of the acid dcsci^Bcd by Jena ; so likowisft does the 
barium salt, which separates from alcoholic solution in large, veyy efflorescent, mono- 
clinic crystals containing 2 mols. combined alcohol. The silver salt, on the other 


thick shining noodl(!S, which melt when hoatotl under water. On rocrystallising it 
from water, basic salts are very apt to form. T\m ethylic ether, C'*H*'0*.C*H*, Crystal- 
lises from alcohol in colourless, tninsparent, rectangular prisms with perpendicular 
end-faces; it dissolves efisily in ether, .Llcohol, and c;irljcjii sulphide. 

On treating synthetically prepared diphenyl acetic acid with bromino-vapour at 
149®-! 50®, and boiling the resinous product with water ^ barium hydrate, di pn any 1- 
gly collie acid, (C^H*)*COH — CO®H, is ohtainoil, agreeing in all it* properties with 
benzilic acid from benzile. This shows that benzilic acid has tho structure assigned 
to it by Stadelor {2nd SvtppL 158). * 

111 the synthesis of dipnenylacotic acid there is also formcMl a small quantity of a 
bi basic add, C®H^[CH(C®H*).CO*H]2, ^hich separate* from its barinm salt on addition 
of hydrochloric acid in yellow resinous drops, cvhich ^o^lually solidify and then melt 
at 110° ; it cannot be crystallised^. Tho barium salt is insoluble in alcohol. 

XmnxrsibAJIgm. See PnxirYLAMiirES. • 

BCTHTIX* A HgBirXCire CH&OBXBBp ((>’H*)^AsCI. 8oo FHEKTirAnsKNeo 

CoXPOUKIlS. 

BXBWUfT&-8BBrSS3BBf Two mexlifleations of this 

compound are formed, together with diphenyl and mhsr plt>ducts, by passing benzene 
vapour through a red-hot tube.. On rectifying tho crude product, the two diphenyl- 
benzenes pass over after the diphenyl, and ^^ay be separated from one another hy 
repeatkl crystallisation from al<5ohl|i> in which one is freely, the other sparingly 
soluble. 

Paradiph enyl-benzene, the loss soluble modifisation, constitutes the ^ief 
part of the product designated by Berthelot as bcf^erythrene (Is^ SuppL 804), and is 
ulentical with the hydzocarbon which Kiese obtained by the action of sodium on an 
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etliBreal solution of solid dibromobonzene and monobroinobenzene {^nd 945). 

It is also formed, together with ethylene, by the action of ethyl bromide on potassium- 
bensene (p. 160). It melts at 205^, j|oi}s above 360°, and has a vapour-density 
~ 8*43 (calc. 8*05). Near its melting point it sublimes in iridescent laminae. It is 
insoluble in w«ter, dissolves^ butc spanngly in alcohol even at the boiling heat, more 
easily in ether, carbon sulphide, and light petroleflm, and with moderate facility in 
benzene, especially when warm. It does not appear to combine with picric acid. By 
oxidation it yields first paradiphonyl-carbonic acid, 0*H“ — 0®HXC0®H), and then 
torephthalic acid (G. Schultz, Deut. Ckem* Ge$, Ber, vi. 415 ; lAebWs Annalmj clxxii. 
281 ; clxxii. 230). 

According to E. Schmidt {Deut. Chcm. Gea. Ber. vii. 1865), paradiphenyl-benzeno 
dissolved in carbon sulphide is not perceptibly attacked by bromine ; but when treated 
with bromine under water, it yields a body crystallising in needles, the analysis of 
which gives numbers intermediate between those required by a tri- and a tetra- 
brominated derivative. 

the modification easily soluble in alcohol, dissolves easily 
also in ether, benzene, and glacial acetic acid, but is insoluble in water. From dilute 
alcoholic solution it crystallises in stellate groups of long white needles, melting at 
85°. It boils at about 360°, and has a vapour-density » 8’29. It does not unite 
with picric acid. By oxidation with chromic acid in glacial acetic acid solution, it 
yields benzoic acid (*Schultz, loc, cit.) 

DZPBB»m - BBBZHYORYXi, C“H“0 = « 

C®H'(C®H*^) — CHOH — C®HXC*H*), is foilimd by the action of sodium-amalgam on 
diphonyl-benzophenono. It crystallises in small white needles molting at 226" 
(uncorr.), and dissolves with extraordinary facility in alcohol and benzene (Woiler, 
Deut. Ges, Ber. vii. 1188). 

BXPKBBYli-*BBXflrZOPBBBrOXr£. Sec Piiknyi.-xetokes. * 

BXPBB»nrXi.CilBBikXliKXC CBXtOBXBS, formed by the 

action of carbonyl chloride on diph<‘nylamino dissolved in chloroform (p. 391). 

BIlFHXSlt'n..CABBAMXBB/0*^ll‘*‘‘N‘<^0. Tlio symmetrical modification of this 
compound, NH(C^H*).CO.NH(C"H*) (p. 390), is formed by the action of water on the 
potassium^alt of dibenzhydroxaniicbjKJid (2nd Sujypl, 165) : 

2N(C"H»0)20K + H^O - 00= + 2C’H“02K + C>®H‘‘N-0. 

It does not unite with acids or with alladis, but when heated to 180° for several hours 
with strong hydrochloric acid, it is resolved, with assumption of water, into CO* and 
aniline : 

C'»H»*N*0 + H*0 « CO» + 2C«H’^N 
(liossefl, Deut. Chcni. Ges. Ber. vi. 1392). 

BXPBBMnrXi-CAllBXSrOXi, •C'»H'=0 = C®H‘» — CHOH — CH*. Benzhydrol.— 

This body, first obtaiiled in 1865 by Liuncman, who prepared it by the action of 
sodium-amalgam on an alcoholic solution of benzophenono or diphenyl ketone (iv. 
478), is likewise,, produced wRen the s^me ketoiie (3 pts.) is heated with alcoholic 
potash (1 pt. KHO in 6 pts. alcohol of 95 per cent.) to 160° in sealed tubes for five 
hours. The contents of the tubes when cold* are washed out with a little hot water, 
and tln^jresiuouR rosiduo is boiled with water as long as the filtrate continues to yield 
crystals: the yield amounts to. 76 p^** cent, of the benzophenono. A still larger 
amount is obtained by dissolving beuzophenone in potash-ley and boiling the solution 
with zinc. Diphenyl -car biiiol is also produced by heating benzophenone for five hours 
to 1 80° with an alkaline solution of amyl alcohol ,-*aio resin is then separated, but 
valerianic acid is produced at the same time (Zagoumeny, ZAehi^e 
dxxxiv. 174). 

Diphenyl'carbinol 18*001 altered l>y prolonged heating with strong alcoholic solutions 
of alkuis even at 180°-200° in soal^ tubes; but when heated to 180° in a sealed 
tube with sulphuric acid dilutcMi with 6 vols. water, it 16 converted into the benzhy- 
drolio ether, C**H*®0 =« 2C”9’*0 — H-’O. which Linnemann obtained by simply 
heating the filcohol, or by Irdatiiig it with chloride or Iodide of phosphorus (iv. 478). 

Diphenyl-carbiuol is not attacked by«inc \^ea itJs dissolved in facial acetic acid, 
or by hydrochloric acid and zinc when it is dissolv^ in alcohol ; but the action of 
strong aqueous hydrochloric acid and zinc on diphenyl-carbiuol dissolved in glacial 
acetic acid, gives rise to a hydrocarbon melting at 209°, which, according to Zagou- 
menVe analysis, has the composition of tetra phony let bane, C”H** = C*BP(C*H*)\ 
Its Kirmation may be represented by the foliowing equations : 
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2C«H**0 + H» 
20H»C0\C«H») + 
Benchydrolio 
aceUtc. 


« C**H« + 2H*0 

- C^H" + 20H»00*H 


Zetnipbenyl- 
■ ©thane. 


Aoetia 

aoid. 


This hydrocarbon dissolros in 12,8 pts. of boiling dicohol of 95 per eSnt., in 21 pLa. of 
boiling acetic acid, in 7 pts. of boiling benzene, and crystallises from the alcoholic apd 
acetic solutions in slender noedlej, from benseno in trfesparoiit bulky rhombic prisms 
(a compound of 1 mol. tetraphenylethane vitii 1 mol, benzene). It appears to bo 
identical with the hydr^rbon (formulatod as which Linnomann obtained by 

distillation of the benzoic and succinic ethers of diphenyl-catbinol (iv, 47b). 

OSPKUnrZi-CASSOWXO or VBSarfX-BBirKOZO aozb, 

C'*H\C*H\CO“H. Two modifications of this acid are known. One, obtaiuod by the 
action of melting potash on diphenyleuo ketone, 

I >CO + KHO I 

C^H^CO^K 


dissolves sparingly in cold water, with moderate facility in hot water, very easily in 
alcohol, and melts at 102^-103® (Fittig a. Ostemio^'cr, Dent. Cheat, Gc 3 , lUr, v. 933). 
It is not known whether the phenyl -gnjup in this acid is in the ortho- or the mota- 
posilion with regard to the group CO*H. 

Varadfplkei&jl - ostrbonlo or* Baraplienpl • benxoio aold* 

C*.H.H.(C*H*).H.H.CO*H, is produced : 1 . By oxidation of d i p h on y 1 .. b o n zo n o. This 
compound, dissolved in glacial acetic acid, is lieutod with hvo times its weight of chromic 
acid ; the solution is precipitated by water ; the precipitate, consisting of unaltered di- 
phe^lbenzone and the acid, is digested with ammonia which extracts the latter ; and 
the nitrate is precipitated with hydrochloric acid (Schultz, ibid, vi. 417). 2. By boiling 
cyanodiphonyl, C**H*.CN, with alcoholic potash. In this process, a sparingly soluble 
substance, evidently the amide of the acid, separates at first, Imt disappears on jjn>- 
longed boiling (Doebnor, clxxii. 109). 3. By oxidation para- 

tolyl phenyl, CH*.C*H^C*H* (Caraelloy, ChBn. Soc, Jour. 1876, i. 19). ■* 

Paradiphenyl-carbonic acid crystallises in tufts of needles, molts at 216*^-217® 
(Schultz), at 218^-219° (Doebiior), and sublimes^asily, somewhat above its melting 
point, in long needles. It is slightly soluble fti water, more easily in Ulcohol and 
ether. The ammonium salt crystallises in tufts of lainintt?. The barium salt, 
(C'*H"0®)^Ba, is precipitated by barium chloride from the sohition of the ammonium 
salt, as a granulo-crystalline, nearly insoluble procipiuito. From a hot saturated 
solution it crystallises on cooling in thin shining plates. The calcium salt is pre- 
pared like the barium salt, and resembles it in every respect. The magnesium salt 
may be obtained by precipitation, or by saturating the acid with magnesium c^boniito, 
ill which case it often separates in nodular groups of laminm. Like the preceding 
salts it is anhydrous after drying over sulphuric^acid. Most of the other dipbcnyl- 
carlx)nates are insoluble or spjiringly soluble. In neutral solutions of the ammonium 
salt, sine sulphate produces a whitt? granular precipitate ; cupric sulphate n bluo-greeu ; 
ferric sulphate a yellow ; lead nitrate and silver nttralc 0 'wh\lo procipitatos. ThecM//7tu 
ether, C**H*.00’C*H*, prepared by AeJins of •alcohol and hydroclilonc acid g4LS, forms 
large colourless prisms melti^ at 46®, ^^-rily soluble in alcohol (Doobner). 

Paradiphenyl-cafbonic acid, heated with calcium hydrate, is resolved into carlwn 
dioxide and diphenyl, C'®II*.C0*H*=0O*+ By oxidation with chromic acid 

in glacial acetic acid solution, it yields tero^thalic acid (Schultz). 

BZBBJnm-BZCAJWOWXO JLCZB, ^ C*II«(COnT)^ 

(Doebner, fee. cil.; also Deut. "Vhem, Ges. her, ix. 2, 129). This acid, motamenc 
with diphenie acid (p. 668), is formed by T>oiling dicyan odiphen/l derived from 
unsymmetrical diphenyi-disul^onic acid (p. 665), with alcoholic potash : 

C*H»— C*H*(CN)» + 4H»0 « 2NH» + C«H»—C«H*(C0*H)*. 

The conversion is, however,' much more difficult than that of cyanodiphonyl into 
diphenyl-monocarbonic acid, ^ large portion of the cyanogen -comt)oupd being con- 
verted into a white powder perfectly insoluble in all the orainai^ solvents, doubtless 
the diamide of the dicarbonic meld. But efen t^e acid obtained from the filtrate is 

not pure, but appears to contain the monamide or amidic acid, 

complete conversion of which into the dicarbonic acid can be effectcMl only by repeated 
evaporation of the crude acid mixed with a large excess of caustic potash. A bettor 
mcth(^ of offiecting the decomposition of the di(^anodiphenyl is to heat it to 180^ for 
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twelve houTB with strong hydrocWoric acid. Biphenyl-dicarbonic acid is also produced 
hy -oxidation of diiolyl dissolved in glacial acetic acid with chromic acid. 

Pure diphenyl-dicarhonic acid is a wh^ amorphous powder deceptively like tere- 
phthalic aSd, and, like the latter, nearly insoluble m all the ordinary solvents. It 
neither melts non sublimes, and r^uires a very high temperature to decompose it. 
Its salts, except those of the all^lis, are nearly all insoluble in water. The barium 
ahd calcium salts are white precipitates, nearly insoluble in water, even at the boiling 
heat; anhydrous after drying over sulphuric acid. The sUver salt, C**H®O^Ag*, is a 
white precipitate, which cakes together in water, and is somewhat soluble therein. 
In the dilute solution of the ammonium salt, magnesium sulphate produces no pre- 
cipitate, cine sulphate and lead nitrate form white precipitates, cupric sulphate a bluish 
white, ferric chloride a light yellow preeipitate. The eihylic ether, which can be pre- 
pared only by decomposing the silver salt with ethyl iodide, forms large flat prisms 
slightly soluble in cold, easily in boiling alcohol, melting at 112®. 

Diphenyl-dicarbonic acid, heated with excess of lime, is decomposed like the 
monocarbonic acid, yielding diphenyl. It cannot be oxidised by chromic acid, on 
account of its insolubility in glacial acetic acid (Doebner, loc. cit.) 

llZ»SIBirT&-l>X»CBTB'nn.STKjftJraB, O' » I (Hengler 

0«H»— CH— OH» 

a. Bethge, Deut, Chem, Gcs. Bet. vii. 11 27). This hydrocarbon is formed by the action 
of sodium on secondary plienyl-methyl-carbinyl bromide or chloride (produced by the 
action of HBr or HCl on phony l-mothyl carbinol, (C*H® — CHOH — CH®) ; 

• C»H»~CH— OH* 

2{C*H»— CHBr- OH*) + Na* 2NaBr + I 

C«H*— CH— CH» 


In either*^ case a mixture of Uqui<l and solid products is obtained, from which, by 
flltratioii and recry sttillisat ion of the solid portion from alcohol, the di phony 1-dimethyl- 
ethano may bo isolated. It crystallises in colourless needles, melts at 123’6®, and 
sublimes without decomposition. 

3IX3P|IBimiim«C02IKB0irBI>B« h cDinparisoD of the boiling points of 
corresponding diphenyl and dipheiiyl^no compounds — the latter containing 2 at. 
hydrogen loss than the former, and having the two phenylone-groups directly united 
— shows the diphenylone-compovjKls boil at temperatures about 40° higher than 

the corresponding diphenyl-compounds, in which the two phenyl-groups are not directly 
united. This is shown by the following table : 


Diphenyl oxide 

(cni^y^o 

Boiling point 
246° 

Diphonyleivi oxide 

(ir«c«— c«H<)o 

287^-288® 

Diphonyl-methan o 

(C®H')=Cli2 

261°-262° 

Dip^ionyleno-motbano 

(H^C®—C®H«)CH- 

300°-304° 

Diphenyl sulphide 


292-6° 

Diphenylone sulphide 

{H*C®— 0®H<)S 

332°-333° 

Diphenyl ketone 

(c«H®y-'Gr> 

296° 

Diphenylene ketone . ^ 

(H^C®— C''H^)CO 

336°-338° 

Stiibene . • . ' . 


306°-307° 

Phenanthrene . 

(H^C*~C®H*)C*H- 

340° 

Diphonylamine . 

(C«ft*)*NH 

310° 

CartSiazo!* .... 

(H"0*~C®H®)NH 

364° 


The law exhibited by those nombors may serve in some cases to determine the 
iecislon in favour of a particular formula, or to estimate approximately the boiling 
point of any member of either series when that of the^corresponding compound in the 
ither series is Imown (Graebe, Beut, Chem. Ges. Bcr. vii. 1629). 

<DftplieD3rlene Bletone, This compound is intermediate in composition 

between phenanthrene-quinone and diphenyl : 

CO C®H\ ^ 

I i L 

C®H*— CO . • C®H^ 

Phonanthrvne- IMphenylene- 

quinone. * ketone. 


C*H» 

Biphenyl. 


[t is the chief product obtained by distilling phenanthrene quinone with quick lime 
Anschutjs a. Schultz, Beut, Chem. Ges. Ber. ix. 1400). 

OlplMttylme 4iM«, ^ compound, discorered by I^imple, who 
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sigaided it m phenyl oxide, and farther examined by Hoffhieieter, 'who determined its 
tme oompoflition (!Znd Suppl, 436), may ^ pretiar^ by heating the lead-compound of 
phenol: 

=. H*0 + Pb. 

Hiis process, bowerer, yields but a small quantity of diphenylene oxide (from 3 to 4 
per cent, of the phenol-compound used), while a large quantity of phenol is at the 
same time regenerated, probably because the phenol ana lead oxide chiefly unite to 
form a basic compound, which is then decomposed by heat, according to the equation 

O—Pb—OH = C«H‘OH + PbO. 

A better method is to heat in a capacious ^tort, 1 pL of phenol with 1 to 1 ^ pts. 
lead oxide. Phenol then distils over first, after which the contents of the retort froth 
np and turn grey, dark violet, and finally black, whereupon a mixture of phenol and 
diphenylene oxide distils over and solidifies to a red crystalline mass. The two com- 
pounds are separated by soda-ley, the crude diphenylene oxide is distilled over, and 
the portion which distils below 300® is crystallisetl from alcohol. It melts at 80®-^ 1°, 
boils at 287^-288®, and has a vapour-density ** 6 97 (Graebc, Lielng^s Annalai, clxxiv. 
190). 

As bye-product in the above reaction, there is obtained a body which boils at a 
higher temperature than diphenylene oxide, molts at about 170*^ and dissolves easily 
in alcohol (Graebe). 

Behr a. van Dorp (Deut. Client, Grs.^er, vii. 308), by gently heating phenol with 
five or six times its weight of load oxide, have also obtained diphenylene oxide, together 
with unaltered phenol, and a body having the composition C**H*0®. The crude dis- 

r I T ..if ^ .... a i. <»._ ...i i . av_ 


lisiug in laminae, and tho compound in necilles. The two are separate by 

distillation with steam, in which only the diphonylono oxide volatilises readily. Tho 
compound C**H*0^ (doubtlcsr* identical with tho bye-product mentioned by Graebe) is 
insoluble in alkalis, dissolves easily in benz<gio and in alcohol, less east^ in light 
petroleum, and melts at 173®~174®. Triturated with bromine and water, it yields the 
compound C**H*Br®02 which crystallises from alcohol in i)oedlo> ineltingat 2n®-^212®. 

IMplienylene Biilplildes (Oraebo, Liefnff'n Annalen, c\xx\v, 186). 2. Ma.no 

cm\ 

sulphide, « I >S. Steiihouso obtained this compound by passing the 

vappur of plioiiyl sulphide, through a red-hot tube filled with iron nails ; but 

he regarded it as an isomeric mtxlification of phenyl sulphide, and called it paraphenyl 
sulphide (2nd Suppl. 941). Graebe, however, finds that it contains 2 atoms of Jiydrogen 
less. He prepares it by passing the vapour of phenyl sulphide through a red-not 
combustion-tubo — whereby benzene, hydr^oii/ hydrogen sulphide, and apparently 
also free sulphur, are formed at same time, — and fractionating tho product. The 
fraction 296®-330® solidifies partially on cooling, and a further quantity of this solid 
product is obtained by pipetting >ofir the liquid portion, again passing its vapour, 
together with that of the lower-boiling portions, through tho red-hot tube, and 
repeating these operations several 

Diphenylene sulphide crystallises from alcohol in long silky needles, ^^m weak 
spirit sometimes also in laminas. It melts 97®, and boils at 332®^533® (mercuiy- 
ooloma wholly in the vapour). It is modejatoly soluble in cold alcohol, very soluble 
in hot alcohol and in ether, soluble also in oenzene. It is not altered by heating to 
260°-280® with strong hydriodic acid and phosphorus. By oxidation with chromic 
acid mixture it yields Stenhouse's parfuntphobenzide^ to which ho assflgned the formula 
C'*H**SO® (2iwf Suppl, 941). According to Graebe, however, this comTOund conlains 
2 at. hydrogen less, and conshts of diphenylonesulpbone or diphenylene 
P«H«v 

oxy sulphide, C'='H''SO^ With regard to its properties, Graebe cor- 
roborates the statements of Stenhouse. * 

The disulphide, C**H*S® (Stenhouse’* phenylene sulphide^ \st Bupfi, 023 \ Is 
formed in the preparation of phenyl sulphide and hydrosulpnide by the action of pnos- 
phorus pentasulphide on phenol. When 2 pts. of phenol are heated with 1 pt. of 
phosphorus pentasulphide, a brisk reaction occurs, Alphuretted hydrogen escapes, 
and a distilUte, consisting essentially of phenol and phenyl hydrosulphide iwnaos 
over. At a higher temperature the chief products ottainM are benzene^ pbenyl 
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sulphide, ftnd crystals of diphenyleno disulphide. On rectificatibn of the product, 
crystals separate on cooling from all portions which pass over atxiYe 290^'-296^, 
These crystals must be purified by wasmng with cold alcohol and recrystallisation 
from bensehe or hot alcohol. The composition of the body thus prepared is 0®H*S, 
but its vapour-dejisity shows that the formula must be doubled— C**H®S*. 

Diphenylone bisulphide crystallises in colourless/ubrilliant prisms, melts at 154^- 
sublimes in needles, and j^oils at about 368°. It is inBoluble in water, slightly 
soluble in cold alcohol, but dissolves moderately ^ell in boiling alcohol ; benzene, 
ether, and carbon disulphide dissolve it in the cold, but it is taken up in largest 
quantity by boiling benzene. It dissolves also in cold concentrated sulpbnric acid, 
but more qufckly and with production of an intense violet colour when heated. From 
this solution water precipitates unalterej^ diphenylene disulphide. When the solution 
in sulphuric acid is strongly heated, the violet colour changes to brown, and water 
no longer produces a precipitate. 

From its behaviour to oxidising and reducing agents, diphenylene disulphide 
appears to have the constitution represented by the formula analo- 


gous to that of azophenylene, C^H 



With reducing agents it behaves like 


phenyl monosnlphide, not like the disulphide. It is not attacked by zinc and hydro- 
chloric acid, or by sodium-amalgam; and when heated to 200° with hydriodic acid and 
phosphorus, it omits only a faint odour, indicating the formation of a very small 
quantity of phenyl mercaptan. • 

JDiphenylene-disulphone, is prepared from di- 


phenylene disulphide, either by boiling with potassium dichromate and dilute sulphuric 
acid, or f:>y oxidatiou with chromic acid dissolved in glacial acetic acid, ffho 
solution on cooling deposits the clisulphono free from disulphide in nearly theoretical 
quantity. It is best purified by crystallisation from boiling bonzeue. When perfectly 
pure it gives no coloration on warming with concentrated sulphuric acid. It crystal- 
lises in coJpurlosB prisms or tables, is almost insoluble in alcohol and ether, slightly 
soluble in cold acetic acid and benzene, abundantly so on warming. Its melting point 
is above 300°, and it can be sublimed and distilled without alteration. It is indmer- 
ont towards ^cids and bases, but is decomposed by heating with soda-lime, yielding 
chiefiy benzene mixed with n little dipnenyl (Qraebe, lAebig^a Annalen^ clxxix. 178). 


X>XPBaxrYXiSSrB-ancOXiXiZC ACZB, (Friedlander, BeuU Chem. 

Ges, Ber. x. 125). An acid formed by the action of alkalis on pheuantbrene-quinone, 
probably as follows : 

C®H*— CO C*HV vCO*H 

UJo ^ 

Phenanthrene- ^ , Diphonylone- 

qnlnono. glyoolUo acid. 


When phenanthrenequinono is heated with sodfi-ley, it turns brown and yields a 
brown solution which becomes i^lourless after prolonged boiling, and on addition of 


with n finb indigo-blue colour, which dis^pears on addition of water; easily also in 
alkalis ; and is precipitated unchanged T>y acids. The calcium salt, (C'*H*0*)®Ca, 
forms colourless slightly soluble crystals. 


XIZPBBXrriliaxra-MBTHAarB ov MethyUifiC-^iphenyl, 


cm 


(Crfiebe, Liebig's Annalen, clxxxiv. 194). This compound is formed, together with 
benzene and toluene, by passing the vaj^ur of diphenyl-methane through a red-hot 
tube : « 


C*H\ 

, 2CH®(C*H»)’l -• + C«H® -+- 


The quantity of diphenylene-methone thus obtained is but small, and therefore the 
purification is difficult. On fractionating the crude product, a mixture of diphenylene- 
methane, diphenyl-methane, aud higher-melting bodies passes; over between 295° 
and 310°, while a proportionately large quantity of high-boiling' products remains in 
the retort. Bipbenylene-methane is also produced by reduction of diphenylene 
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ketone with heated dnc-dnat (2nd Suppl. 946), op with hTdriodlo acid and amoTphona 
phosphorus : 




C*H«v CHV 

+ 4HI = ^ + HK) + 41. 

It is isomeric with fluorone (tM/ro^. • 

Diphenjlene-me thane crystaili^ in colourless lamlVisa which often exhibit a blue 
fluorescence. It melts at boils at 300 ^- 805 °, and volatilises easiljr with 

vapour of water ; dissolves easily in hot, lees easily in cold alcohol, yery easily in 
carbon sulphide, ether, and benzene. Its compound uith picric acid cryst^lises 
benzene in yellow-red or red needles, which molt at about 80 ^- 82 *^, and dissolve 
very ^ily in alcohol, but docorapoae at the same time. 

Dtpheiiylene-methano is oxidised with difficulty, yieldinn: diphenyl one ketone. 

(C«H*)»CO. j j r .7 


IHbromodi'phenylene-mHhane^ produced by triturating the hydrocarbon 

with bromine and water, ciystallises in needles and melts at 153®- 154®, It dissolves 
voi^ sparingly in alcohol, abundantly in other and benzene, very easily in carbon sul- 
phide and chloroform. 


l^luorenOf C**H^*. This hydrocarbon, isomeric or perhaps identical with the 
diphonyleno-methano just described, was discovered in 1867 by Berthelot in the por- 
tion of coal-tar oil which boils between 300° and 340° (2nd Su^L 523). It agrees 
with Qraebe's diphonyleno-methano in mating and boiling point, in the colour and 
molting point of its picric acid compound, and in the characters of the ketone, 
C'*H*CO, which it yields by oxidation ; but it likewise yields, by further oxidation 
with chromic acid mixture, a quinono, C**ll*'0*, which does not appear to )|^ve been 
obtaisiod from Gmobe’s diphenyl ono-m€»thano (possibly because tho oxidation was not 
carried far enough); and tho dibromo-dorivntives, O^^ll^Br®, obtiiined from tho two 
hydrocarbons, differ considerably in crystalline form ami in molting point. Tlio 
existence of two or more modifleat ions of the hydrocaplion, is indeed to be 

expected, the differences being attributable t-o ^lo manner in wnichtho two |Jiony lone 
groups are linked together by tho CH^-group. Two possible modifications are repre- 
sented by the following forrmilae : 



The properties of fluorono and iks donvatires have lately been carefully examined 
by Barbmr (Ann. Chim. Phytt. [5], vii. 472). It is bos^repared from the heavy oils 
from which anthracene and nnphtlfulcno have boon soj^rated, by* first submitting 
them to fractional distillation, and collecting tho portion passing at 290°-340° (the 
distillate at 270®-290® contains much adbnaphthene) ; by a further sorioH of fraction- 
ations a portion passing at 300°-320° is isolato<l. To obtain a good nesult^ enough 
oil should have been originally employed to aMow of 15 or 20 liters of this distillate 
being collected. By the action of cold, this fraction becomes nearly solid ; tho mass 
is pump-filtered, and tho solid residue pressed in blotting paper, and then again dis- 
tilled, collecting what passes 290° -310°. Above this tomporaturo little but 
phenanthreno passes over, this hydrocarbon being thus obtained almost pure, and 
constituting about one-half of tho pressed crystals. On again distilling and collecting 
at 296°-305°, a yellowish-white mass is obtained, consisting of fluorene mixed with a 
little oxidised substance and lume acenapbthene ; these are eliminated by* successively 
crystallising from a mixture of benzene and alcohol, alcohol alone, and glacial acetic 
acid. The last named solvent removes the oxidise^ substance, bqt the same 
result may also be obbiined by exposing to sunlight a eolution of the crude fiuorene in 
benzene. 

Absolutely pure fluorene may be prepared from tho nearly pure substance thus 
obtained by dissolving it in ether, and adding the requisite quantity of picric acid. 
On slow evaporation fine red needles of the picric acid (impound of the hydrocarbon 
separate, melting at 80®-82®; by treating those with ammonia, the hydrocarbon is set 
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free ; and by zepeating the combination with picrio add and fegeneration seyezal 
times, a perfectly pure product is obtained. ^ 

Fluorene thus prepared melts at llS^boils at about 806®, and sublimes with some 
A difficulto’^ granular aggre^tes of ve^ small white plates, exhibiting a beautiful 
violet fluorescence, which, however, disappears on exposure to light. It is very 
soluble in ether^ benzene, carbon 'sulphide, and hot«alcohol, sparingly soluble in cold 
alcohol (Barbier). It unites with pUyryl chloride, forming the compound 
which crystallises in orange^ellow needles melting at 69®-70® 
(Liebermann a. Palm, Ber, viii. 377). 

When fluorene is heated to about 27d® with ten times its weight of a solution of 
h^d/riodio acid saturated at 0®, carbon is set free, together with various hydrocarbons 
of less complex character than fluor^e, viz. benzene and toluene, together with a 
hydrocarbon boiling near 220®, and enurely soluble in fuming nitric acid. If a larger 
quantity of hydriodic acid be used (40 pts.) hexane and heptane and a tridecane, 
are formed, together with a minute quantity of a hydrocarbon volatile at 
about 360®. The tridecane thus produced is not attacked either by nitric acid, cold 
bromine, or faming sulphuric acid *, it is also formed by heating fluorene to 200® with 
red phosphorus and hydriodic acid of sp. gr. 1*6. 

ITuorene is slowly oxidised by chromic ouoid dissolved in glacial acetic acid, or by 
a mixture of potassium dichromate and sulphuric acid, forming diphenylene 
ketone, C**H*0 = (C®H^)®CO, and fluorenequinone, C'*H*0*, perhaps 

together with formic, oxalic, and phthalic acids. The ketone and 

quinone are insoluble in water, and may be; separated from one another by means of a 
warm mixture of alcohol and benzene, which on cooling deposits grains of the quinone, 
while the ketone remains in solution. By rocrystallisiag these grains from benzene 
the fluorene-quinono is obtained pure. It melts at 181®-182®, is reduced to fluorene 
by heating it to 180® with iodine and phosphorus, and converted by sulphuroua^acid 
solution at 1 00® into a crystalline product probably consisting of fluorene-hydroqui- 
nono (Barbier). 

When fluorene is distilled over moderately heated lead oxide, a semi-solid reddish 
product obtained, which may be frepd from resinous bodies by digestion with hot 
alcohol ; and on dissolving the residue in a mixture of alcohol and benzene, the 
solution after a while deposits long yellow needles, which, after one recrystallisation, 
melt at 270,®, have the composition On evaporating the mother-liquor, 

and repeatedly boiling the residue with quantities of glacial acetic acid not sufficient 
to dissolve it, further quantities of this body are removed, and another hydrocarbon 
remains, which, when purified by recrystallisation from gbicial acetic acid, forms 
large rod woll-deflnod shining crystals. This body has the composition 7»C**H*, melts 
at 182®-183® a/.id boils above 360®. It unites with picric add in alcoholic solution, 
forming an unstable compound, which melts at 177®-178®. When 

the vapour of this hydrocarbon is passed over heated diic-duet, fluorene is formed 
together with other products. On treating this same hydrocarbon in boiling alcoholic 
solution with eodiwm-arnalgam^ the reddish liquid gradually becomes colourless, and 
yields a new hydrocarbon, which * crystallises from a mixture of benzene and 

alcohol in colourless needles melting at 241®-242®. From the formation of this last 
hydrocarbon, and the com^s&ion of the above-mentioned picric acid compound, it 
may be inferred that the nydrocarbon melting at 182®-183® has the composition 
and that it is formed from fluorene in; the manner shown by the equation : 


C®HV 

cm + O* 


c®H®v 

Vj=:c<: 


+ 2H*0 


Besides the hydrocarbons above mentioned, the. action of heated lead oxide on 
fluorene gives ©se to a body melting at 170® (0. de la Harpe a. W. A. van Dorp, 
Cl^m. Gee. Bcr. viii. 1048). 

Srcimofliiorsnee. Dihromojluorcne, C'®H®Br^ is obtained by adding the 
calculated quantity of bromine dissolved in carbon disulnhide to a solution of fluorene 
in the same liquid. On distillation a residue is left, which may be freed from a red 
bye-product by washing with ether ; the in«>luble substance is toen crystallised twice 
from carbon disulphide by spontaneous evaporation. * 

The crystals of dibromofluorene are monoclinic, and exhibit the combination 
odP.OP. <»5oc . oop2.— P. Angle <»P : a>P = 97® 40'; OP : <»P«97® 68'; 
OP: a>Poo-l02® 10'; — P:0P«131°; a>P2 ; 0P = 94® 66'; ooP2 : ooP2«132® 
42'. Cleavage parallel to Ol . 

DibromOTUoreno is nearly insoluble in ether and, in alcohol, but dissolves readily 
in carbon sulphide and in chloroform. It melts at 166®-167®> distils unchanged at a 
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high t«mpM»tiue,'%iid u aofc attacked by boiiing aloobolle poteah, HaaM with vad- 
hot lima it yielda diphen jl ; and whan treatad with dinitroanthraqiimona (FritHmlie'a 
reagent), it forma lemon-yellow rhomboidal platen. 

Tribromojluorene, ia IhAed by treating dnozene tiidriMeeis qf 

bromine, or by heating dibzomoflnorena with hioimna : . ^ 

0«H»Br^+ Br» « HBr V 

but it ia not* eaaily obtained fi«e from dibromoflnotene, aa the two ^mpotthda are 
almoat equally aolable in carbon diaulphide and in ehloroibrm. Tbe tribromo-derira- 
tiye ia inaoluble in alcohol and In ether. After repeated cryatalliaation from carbon 
diaulphide it forma light yellow needles, melting at 161'’-102'’, and diilbompoaing at 
a hi^er temperature. 

Tetrabromofiuor 0 n 0 t 0'*H*Br\ zeaemiSeB the tribromo-compound. 

Monobromofiuor0n0 dibromidet C‘*H*Bp,Br*= “ obtained by 

bringing bromine and fluorene together in such a manner as to avoid rise of temperature, 
which is effected by slowly passing air charged with bromine-vapour into a solution 
of fluorene in carbon sulphide This compound forma silky yellow needles soluble in 
benzene, but decomposing on frequent crystallisation into hydrobromic acid and 
dihromofluorene ; the same decomposition ia instantly produced by alcoholic potash. 

mtroffnereBea. Mononitrofluor0n0, 0^*H*(N0*), is prepared by boiling 
fluorene for twenty-four hours with ordinary nitric acid diluted with twice its bulk m 
water. When purified by recrystuliisation from a mixture of alcohol and bensene, 
it forms a red powder which melts, with^decomposition, at a somewhat high temper- 
ature. 

Dtfiffre^Iuersas, 0'*H*(NO*)*, b obtained by dissolving fluorene in a mixture 
3f Mual volumes of faming nitric and glacial acetic acid, keeping tbe Bo>ation cool. 
Wlfen separated by water, dried, and crystallised fh>m a mixture of nitrobenzene and 
light coal-tar oil, it forms reddish-yellow needles, which, if slowly heated, melt with a 
certain amount of alteration at a temperature above 260^, but decompose with 
deflagration when rapidly heated. 

A fluoreT^esulphonic amd is obtained by beating fluorene with strong* sulphuric 
acid ; its salts are either uncrystallisable or crystallise with diflScuIty. 


raroxaino 

I ^CH(OH) (Barbier, foe. cit.) This secondary alcohol, which may be 

regarded as derived flrom methyl alcohol, HOH^ OH), by substitution of the diatomic 
group, — C*H*— — , for 2 at. hydrogen, is formed by the oetion of nascent 
hydrogen on diphenylene-ketone, (C*H* — C*H*)CO. It is soluble in common alcohol 
and ether, more easily in benzene, and crystallises from the latter in 
plates melting at 1 53^^. Oxidising agents reconvert it into diphonylene ketone. 
With acetic anhydride at 100° it forms fluorenic acetate, 0**H**0» — 

^ a ciystalline body melting at ^6°, and saponifiable by baryta- 

water at 120°, with formation of barium acetate and reproduction of the alcohol. 

Fluorenic alcohol heated to a temperature a little above its melting point, gives 
up water and is converted into fluorenic oxide or fluorenic ether, 

• C«H^ 11 H >C*H< 

C«H«0 « O— C«H» « I >C— O— I 


a nearly colourless resinous body, melting at 200° very soluble in benzene, bnt only 
slightly soluble in ordinary alcohol and ether. •. 

HCTKJnmamutn, (Ooldschmledt, Ifoaf. CAm. 

000. Ber, vi. 1501). This l^drocarbon is obtained by leaving diphenyltrichlorethana 
in contact with alcohol and sodium-amalgam at a temperature of 30°-40°. The oily 
product still contains chlorine, and must therefore *be pmt heated with, hydriodta arid 
and red phosphorus to 210°, and then digested with sodium on a water-bath. 
Diphenylethaoe is an oily, limpid, and ^ei^ refractive liquid, possess!^ a very 
agreeable smell, and boiling at 26fl°>271°; in a freezing mixture it sol*difLes to a 
crystalline mass. When oxidised with chromic add s^ntmn, it yields diphenyl kstona 
at^ a little benzoic acid. When its vapour is passea tbro^h a red-hot tube filled 
with fragments of pumice, stilbene appears to be formed* BromkM acta atsin^gly 

Zrd XX 
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on dipbefurletbane. Fvming nitrio aM diaaolyes it vetj and the solution 

soon oeposits eratale, 6ut, on adding water, resinojciB products are precipitated. 

According to Badziezewski {DetU. Chem. Gres. Ber. vii. 1401, dipBenylethane is 
easily formed by the action of sino on a mixture of phenylbrometnyl and benzene ; it 
boils at 268^-270®. At the same time a white fragrant solid body melting at 124° is 
formed, in greatS abimdance as tUe proportion of benzene employed in the reaction is 
larger. „ , 

mpbenyl-monooiaoratliaae, G^^H>*Cls:(C*H*VHO — CH^Cl (E. Hepp, 

Chem. Ges.Ber.vi, 1439; vii. 1409). This compound is formed by the action of 
dichlorethyb oxide on benzene, in presence of strong sulphuric acid : 

CHO + CH»C1— OH* 

Dlohlorethyl oxide. Monochlor- Ethyl ohioride. 

aldehyde. 

and 2C*H« + CH«C1— OHO « H«0 + (C»H'»)*HC- CH*01. 

Benzene. Honoohlor- Dlphex^l-mcmochloretihane. 

aldehyde. 

On adding sulphuric acid to a mixture of dichlorethyl oxide and benzene, the liquid 
becomes turbid, and the benzene separates in the form of a light red layer. The 
addition of sulphuric acid is continued, with constant agitation, and occasional 
cooling, till the reaction is completed, after which the dark brown mass is left to itself 
for a day and then poured into water. Biphenylchlorethane then separates as an oil, 
which may be partially purified by distillation with water, and, if then distilled ppr 
se, is resolved into HOI and d i ph e ny le thy 1 en oorstilbene, C®H® — CH=OH — 0*H*. 
By boiling with alcoholic potash, on the other hand, it is converted into isostilbene, 
OH»z=O^H‘)*, (p. 078). 

Blpbenyl-tHbromctbane, (G*H^)^HC — CBr*, is prepared by mixing 1 anol. 
bromal and 2 mole, benzene with about a double volume of strong sulphuric acid : 

CBr»— COH + 2C«H* » H*0 + (C«H*)*HO— CBr* 

The mixk^re turns Brat orange>yeUow,^then brown, finally dingy green, and deposits, 
especially if the benzene has not been added in excess, a crop of crystals often of con- 
siderable size. The mass, having been left for two or three days till it has become 
pulpy, is paired Into water, and the separated crystals, after washing first with cold 
and then with warm water, are recrystallisod from absolute alcohol with addition of 
animal charcoal. 

Bipbenyl-tribromothane crystallises from alcohol in needles or laminee, from ether 
in transparent colourless mouoclinic prisms 0 or 6 mm. long. Axial ratio a (clinod.) ; 
b (orthod,) : c fa 1*21410 ; 1 ; 0*6043. Angle, ac=100° 31'. Observed faces 
odP . oqB2 . qoPqd . ooBoo . Boo , 4Poo . The crystals are developed in the form of 
thin tablets, sometimes in the direction of the orthopinacoid, sometimes in that of the 
plane of the optic axes, which is the plane of s^metry. Bouble refraction positive 
and weak. The apparent acute angle of the optic axes in air is 111° 17' for red, 111° 
for yellow, and 90° 61' for green light (Hintze, Pang, Ann. clii. 265). 

Biphonyl-tribromethane m^lts at 89°, dissolves easily in ether, chloroform, carbon 
disulphide, hot facial acetic kcid, and alcohol, loss easily in cold alcohol, benzene, 
and aniline. When heated it decomposes, with separation of hydrogen bromide. 
Heated with lime it gives off the odour of diphenyl. On boiling diphenyl-bromethane 
for some time with alcoholic potash in a vessel with reversed condenser, and pouri^ 
the mass into water, diphonyl-dibrcmethyleue, (C*H*)®C=CBp®, separates in 
shining needles. The same compound is^formed from^ diphenyl-tribromethane by dry 
distillation, by heating it to 140°-150°, with alcoholic ammonia ; and by heating it 
to the same temperature with silver acetate and a littSle glacial acetic acid : 

(G‘H*>»crf— CBi* + 0*H*0*.Aff - A«Br + C*HO* + ((3flff‘>*Cfc=OB»». 

On heating 5 mms of diphenyl-tribromethane with 20 gr. hydriodic acid, b. p. 127°, 
and 1*6 gr. phosphorus for several hours at 170°, an oil was obtained, together 
with a compound which melted at 80° and serrated from ether in crystals, Monpng, 
aocozding to Hintze's measurement, to the monoclinic system. Axial ratio : 
a (oli^) : U (orthod.) : ^2221 I 1 : 0*42466. Anglo o c» 106° 21' 40'. Combi- 

nation, ocCP . oDpao . Boo • This compound, which was obtained in small quantity 
only, gave by analysis 49*2 per cent, carbon and 3*91 hydrogen, numbers compatible 
wiw the fomiula either of di^enyi-dibiometh we or of diphenyl-^bromethylene. When 
the mixture of dipheDyl-tribromethane, hydriodic acid, and phosphorus, was heated 
for seven or eight hours to 210°, a product was formed whidi appeiured from analysis 
to be a mixture of 0>*H**Br and diphenylethane, C**H” (Goldsetuniedt). 
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(0*H»)»HO— < 

bromizto-oompound* bvtbe aetioii of ehlonU on 1 
add (Baeyer, Deut. Chem, Ges* Ber. t. 1097). ) 


(0*H*)FH0 — ^OCU*, is fbmiiad, liks the eomi 
ion of ehlond on 1 ' . 

Ber. T. 1097). It has not been obtained i 


add (Baeyer, Beut, Ckem. Ge»* Ber. t. 1(^7). It has not been obtained i 
able czystalsi bnt appean to be ieomoi^ous with diphenyl-tribromethane (Hintseh 
It dieBolree easily in ether, chlorofom, carboi^ disnlphid^ hot tflacial acetic ada, 
and alcohol, less easily in c<^ alcohol, beneene, and aniline. Heated with lime it 
exhales the odour of diphenyl, and is conrerted hf distillation, or by treatihent 
with alcoholic potash, into diphenyl-dichlorethylene, (OH^)*0::=001. In 
alcoholic solntion it is slightly derompo^ by boiling with potassium <^yanide, with 
formation of hydrocyanic acid and diphenyl-di wlorethylene. W hen Tap^nr of dipbet^l* 
trichlorethane is passed over red*not cine-dust, stilbene, is prrauoed, 

together with a small quantity of liquid fuelling of benzene and diphenyl (<3old* 
schmiedt, Beut. Ckem. Ges. Ber. rL 986). 

Ofmoiioliroiiiopliaiiy'l-trloliloratiBMiep (C*H^Br)”HO — OCl*, is prepared by 
digesting 1 pt. bromobencene and 2 pta. chloral with 4 or 6 vole, strong sulphurio acid 
for some time, with frequent agitation and gentle warming of the liquid on the water- . 
bath. As soon as a white tenacious mass ceases to separate from the liquid, a large 
quantity of water is added, and the oil thereby separated, which solidifies to a 
crystalline mass on exposure to the air, is washed with water, and zeciystaHised 
from hot ether-alcohol. 

I>imonobromophenyl-trichlorothaii6 is insoluble in benzene, very sparingly soluble 
in cold alcohol mid glacitd acetic i^id, more freely in hot alcohol, chloromrm, and 
ether, very easily in carbon disulphide From .slcohol it crystallises in colourless 
siU^ neealas ; from a mixture of alcohol, ether, and chloroform, or firom carbon 
disulphide, in large compact crystals. Melting point, 139*^-141^. By heating with 
alcoholic potash it is eonvertea into dimonobromophenyl-diohlojethylene, 
(yHlBr)*C^OCl* (O. Zeidler, Beu(. Ckem. Gee. Ber. vii. 1180). * 

Binitro - dimMiobremophenyl - trichlorethane^ C*^H^Cl*Br*(NO?)* m 

[C*H*(NO*)Br]*HC — CCl*, obtained by heating the preceding comjpound with fuming 
nitric acid till it is completely dissolved, crystallises from moohof in yellowish pris- 
matic needles melting at 1G8®-170° (Zeidler^. 

l>lmoBooliloroplkesipl»trlotiloratliaiie« fC*H^CiyH0==:C01*, prepared like 
the corresponding compound, crystallises froiq otnei^alcoliol in white fbltod needles 
resembling quinine sulphate, behaves to so^’ents like the bromine impound, and 
melts at 105^. By prolonged boiling with alcoholic potash it is convertod into 
diTnonochlorophen^l-dichlorethylene, (C*HK?1)*C~CC1*, 

JHnitro - dimonoehlorophenyl - trichlorethylene^ C**H’Cl*(NO*)* ■■ 

[0*H*(N0*)01]^HC — CCl*, separates from its solutions in fine crystills, frirni alcohol in 
needles, and melts at 143°. The crystals (measured by Hintze, Bogy. Ann. riii. 206) 
are monoclinic, with the axial ratio: a : r3104 : 1. Angle a on 110° 86^ Faces, 

ooP, ooP60, OP. The dark yellow crystals are moderately transMrent. shortly prismatic, 
scarcely 1 mm. lo^. The plane of symmetry is the pl^e of the optic axes. The axis 
of greatest elasticity makes in th^t p^ne an angle of about 28° 22^ with the transverse 
face, and is the first median line. X>ouble refraction negative and strong. Dispersion 
p < y. The apparent acute angl^ of the optic axes fh air is about 68°. 

Dinitro-dimonochloropbenjl-trichlorethaoe yields, with alcoholic ammonium sul- 
phide, a product crystallising from acetone in small yellow needles (Midler). 

smWTZi-WJi ¥ iiBWSf **» C*H*(C*H*)*. — Of tifis hydrocarbon 

there are two modifications, viz. stilbenef boiling at 306°-307°, and isos til bene 
at 277°. Both are formed by abstractisb of HCl .from di phenyl -monochlorethane, 
CH^l — CH(C*H*)^, the former by the action of heat alone, tne latter by boiling wiUi 
alcoholic potash. Now, u this 1^ reaction takes place with great facility ana at a 
moderate heat, the resulting diphenylethene has doubtless a constitution simijpr to 
that of the dTphonylehlorethane, that is to say, with both its pheiqrl-atoms attached 
to the same carbon-atom of the ethylene-molecule : 


CH(OH>)* 

mpfaieiijldilor 


- HCl -M 


and hence it roust be inihnod that in the formation %f stilbsne from tbs tarns som- 
pound, which takes place at a much higher temperature^ a nKdeenlar ttwosibnuitioii 
occurs, resulting in the formation of the symmetrical molecule, CPH* — OH=:OH-— 

zx 2 
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in whicli eadi of the phenjl-atoms U attached to a aep^ate carbon>atom of the 
ethylene (Hepp« Deut* Chenu Gea, Ber* vii. 1409). 

StUlieiie IB also formed by the foUowiig reactions : 

a. By heating amorphous thiobenzaldehyde with finely divided copper : 


OH*— OHS ^ 
0«H»— OHS ) ' 


+ On* 


20nS 


6 C«H*— OH 
^ C«H«— Hh 


(Klinger, Baui, Chem, Gee, Bex* ix. 1892). 

iS. By passing the vapour of dlphen^lethane, through a red-hot tube filled 

“with fragments of pumice, or that of diphenyl-trichlorethane, 0*^H"Cfl*, over red-hot 
zinc-dust (Goldschmiedt, Bmt, Chem* Ga. Ber, vi. 916, 1601). 

7. Together with toluene, by heating dibenzyl in sealed tubes : 20**H***0'*H'’ + 
2C^H* (Barbier, Ann* Ch, Phys, [6], vii. 472). 

5. By heating toluene, G^*H’®, to 170®-! 80° with hydriodic acid and red phos- 
phorus, diphenyl being also produced if the action be prolonged (Barbier, CoTnpt* rend. 
Ixxviii. 1772). 

€. By heating 1 pt. dibenzyl with ^ pt, sulphur: -H S » SH* + 

(Badziszewski, Deut. Chem, Gee. Ber* viii. 768). Hence also it is obtained by distil- 
ling barium phenylacetate (o-toluate) with a slight excess of sulphur, instead of 
dibenzyl which is formed, in the first instance, according to the equation : 

CH»(C*H*)— COOv C«H*— CH* 

>Ba + S = BaS + 2CO* + I . 

CH^CC-H*)— COO'^ C«H*— CH* 

Barium pbenylaoetate. DibenzyL 


The solidified distillate, when pressed and crystallised from alcohol and ether, yields 
a largo quantity of ^ pure stilbene. Phenylacetate of lead, distilled with a large exdbss 
of sulphur, likewise^ yields stilbene, together with an easily fusible substance 
(Badziszewski, iHd* vi. 290). 

(* By passing the vapour of toluene over heated lead oxide (Behr a. van Borp, 
ibid* 1601)^ 

0*H*— CH*) C*H*— CH 

1 + O* « 2H*0 + 11 . 

^ ' CH*— CH* J CH»— CH 

Toluene (2 mola.) Stilbene. 


This reaction afibrda a confirmation of the constitutional formula above assigned to 
stilbene. 

To prepare stilbene by this method, vapour of toluene is slowly passed (1 drop 
volatilised in ten seconds) over lead oxide heated to dull redness in an iron tube. 
The 8ulid*^rtion of the distillate consists mainly of stilbene, the liquid portion of a 
solution of stilbene and other hydrocarbons in toluene. The product remaining after 
distilling oif the toluene is mixed with the solid mass first obtained, and the whole is 
once crystallised from alcohol, whereby perfectly pu^e stilbene is obtained amounting 
to 16 per cent, of the toluene employed. As bye-products of the reaction are formed, 
diphenyl (probably vfrom benzene mixed with the toluene), phenanthrene, anthracene, 
and liquid hydrocarbons probably consisting mainly of ditolyl. 

O. Forst (^Liebig's Annalen, clxxviii. 370; ffahreeh.f* Chem, 1876, 401) has com- 
pared the ciiffe^ent methods recommended for the preparation of stilbene, and gives 
the preference to that of Mhrcker, whioh consists in the decomposition of benzyl 
sulphide, C‘^H**S, and disulphide, C*^H^S*^hy heat (v. 869). Benzyl chloride is first 

S roduced by pusing dry chlorine into neany boiling toluene ; the portion of the pro- 
act which boils between 176° and 210° is ^ded to an'alcoholic solution of potassium 
sulphide ; and thh Bulphux-compounds, which separate on distilling off the alcohol, 
are heated in small retorts over a charcoal fire, as long as any^ing passes over without 
the application of too high a temperature. The solidified distillate is freed by pressure 
from oily substances, and, when once redistilled and crystallised from alcohol, yields 
pure stilbene amounting to 9 or 10 per cent, of the ben^l emoride used. Badziszewski's 
method of distilling barinm phenylacetate with sulphur, easily yields, according to 
Forst, a pure product, but the Amount is not satisfactozy. Lorenz's method (passing 
toluene vapour over heated lead oxide) yi^ds, according to Forst, only a small quantity 
of stilbene, but large quantities of taxzy and resinous products. Lorenz, however, 
maintains that when the process is properly conducted these products are not formed. 
From 100 grains of toluene Lolfenz obtained 18 grms. stilbene. 

Stilbene melts at 120° (Brunner, Idebt^e AnnaUn, eli. 133) and boils at 306°-.307°. 
,Ita vapour passed through a red-hot tube is resolved into phenanthreue and toluene: 
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■cHviH - 

(aniebe, Deut, Chem^ Ges. Ben vi. 494). • • 

On the Oecompoflition of Stilbena Bromide bj Potassium Acetate and Alcohol » 
Hydbobbhzoik (p. 680). * 

Kitro-derivatives of Stilbene. JHnitroetilbene, C“H**(NO*)* i 
C*H*^NO*) — CH=CH — C^H^NO*), may be prepazed by dissolving nitrobena; 
chloride, C*H*(NO*)C4 in varm alcohol, mixing the solution with ex^s of uquooi 
potash, filtering off the sulphur-yellow fioolm wmch separate, and czystallising thei 
from alcohol. The dinitro-compound ciystallises in shining yellow needles having 
green shimmer, very slightly soluble in alcohol, almost insoluble in ether and i 
benzene, TOinewhab freely soluble in nitrobenzene. Hot glacial acetic acid likewii 
dissolves it in considerable quantity, and deposits it, for the most part, on cooling, i 
warty groups of crystals. It melts at 260^ to a liquid which on cooling solidifies 1 
a c^stidline mass. It sublimes in yellow laminie. With nitric acid it ^elds yello' 
resinous products, and when boiled with alcoholic potash it is converted into a brow 
amorphous mass insoluble in all the ordinary solvents. By boiling with alooholi 
ammonium sulphide it is converted into amidostilbene, 0‘^H*^NH”), and, when heate 
therewith to 100^, into diamidostilbene, C*«II**(NH*)* (J. Strakosch, Bevt, Chem. Qa 
Ber. vi. 828). 

When 1 pt. of stilbene is dissolvedPin 26 pts. of ether, and Tjpts. of fuming nitri 
acid are added by drops to the well-cooled solution, a compound, is forme 

which separates after twenty-four hours in concentric groups of white needles. It i 
soluble in glacial acetic acid, and crystallises therefrom also in need^ ; insolubl 
fa benzene, chloroform, ether, and carbon disulphide. It melts at 220*’, giving oj 
red fumes, and is decomposed in a similar manner by strong sulphuric acid. Bromini 
nascent hydrogen and oxidising mixtures act upon it but slowly. By boiling wit] 
alcohol it is converted into another compound, which gives bv analvais number 
leading to the empirical formula, crystallises from the alcfjjholic solutioi 

by spontaneous evaporation in silky yellow needles; melts without decompositioi 
between 60*’ and 70*’, after gradual softening ; and dissolves readily in alcohol ant 
ether. The mother-liquor of the white suhlstanco which separates ^zn the etherea 
solution of stilbene on treatment with nitric acid, yields, on spontaneous evaporatioi 
of the ether, recrystallisation of the residue from glacial acetic acid, and evaporatioi 
of that solvent, an oil having a strong odour of bitter almonds, and a compounc 
which crystallises in large colourless prisms melting at 123^-126*’ (Lorenz, J?eut 
Chem^ Oes, Ber, vii. 1096). • 

The compound heated to 160° with hydrochloric acid, yields benzoic 

acid, nitrobenzene, a gas which turns red in contact with oxygen, and a^non-aaotise^ 
body crystallising in needles. Water acts on this nitro-compound in the same waj 
as hydrochloric acid. By proloriged boiling with alcohol or by heating therewith tc 
100*’-120*’ in sealed tubes it is convert^ into a wine-yellow compound. Othoi 
alcohols act upon it in a similar manner (Lorenz Blumenthal, ihid, viii. 1060). 

A mid os til bones (Strakosch, J>eut, Chertu Geif^ Ber. vi. 829). 

“ *{NH*), and DiamidoeiUbene^ 

' zeduciujo; dinitrostilbene with ammo- 

^ ^ ^ stilbene is heated forasihort time in 

an open vessel with alcoholic ammoniu^ sulphide till the liquid assumes a dark red 
colour ; the alcohol is then distilled off ;«the residue exhausted with strong hydzochioric 
acid ; the liquid filtered f^m sulphur and unaltered dinitrostilbene is mixed with 
caustic soda ; and the resulting precipitate is freed from diamidostilbene by washing 
with dilute hydrochloric acid, and recrystallisation from nitrobeha^ene. 

Nitroamidostilhene crystallises from hot nitrobenzene in purple-red leafiets. It is 
very lightly solnble in ^cohol, ether, or benzene, iusolnble in water. When heated 
to 229°-230*’, it melts,4tmd at a higher temperature sublimes in rod leafiers. Hot 
hydrochloric acid dissolves it, and, on cooling, a hydrochloride, C‘*H'*N*O^.HCl, is 
deposited in shining yellow ne^es. This sals is Recomposed by 'v^atar, or by heati^, 
with separation of nydrochloric acid, bpt ciystallises uxialtered from alcohol ouutoin- 
iDg hydrochloric acio. An attempt to prepare the platinochloride was unsuccessful. 

BumideUitbene, C**H**(NH^*, is obtained heating dinitrostUbene with alcoholic 
ammonium sulphide to 100*’ for about half an hgur in a sealed tube, then distilliDg 
off the alcohol, exhanstii^ the residue with hydrochloric acid, and precipitating with 
an alkali. On crystallising the precipitate from dilute alcohol, the baM is obtained 
in shinin g leaflets, which soon turn brown on exposure to the air. It dissolves with 



078 DlPHENYL-UTHlTLEarB (ISOSlflLBElifE). 

difficulty in betusene, ether, and Trater. At 170^ it meltB aoS beeomes brown, and at 
a higher temperature sublimes in white leadets, with partial decomposition. The 
hydrooU&rjd^ crystallise^ in large white leaflets easily soluble in 

water and hot hydrochloric acid, and slightly soluble in alcohol. The sulphate forms 
needles easily solubU in water and in (dilute sulphuric add Th& niirate forms yellow 
granular crystals which dissolve really in water, and in alcohol. The dark red 
amorphous platinoc?doride is insoluVle in water, but soluble in hot alcohol. 

Xaaatll1iene« OH?=:C(C^‘‘)* (Hepp, Deut* Chem. Ges. JBer, vii. 1409). This 
modiflcation of diphenylethylene is formed, as already observed, by boiling diphenyl- 
monodilorethan^, CH^Cl — OH(C®H*)®, with alcoholic potash. It is a colourless, strongly 
refracting oil, having a high speciflc grav^ and pleasant odour ; becomes somewhat 
viscid at the temperature of a mixture of ice and salt ; boils at 277° ; is insoluble in 
water, but mixes in all proportions with alcohol and ether. When boiled with chromic 
acid mixture, it yields bensophenone together with carbon dioxide and water. When 
its vapour is passed through a red-hot tube, much charcoal is separated and a distillate 
is obtained, which smells of benzene and diphenyl, and solidifies, as the benzene evapo- 
rates to a pitchy mass, which does not appear to contain stilbene ; neither is stilbene 
produced by passing the vapour of iaostilbene mixed with hydrochloric acid through 
a red-hot tube. 

Bromiaoaiilbene or Biphenyl- monobromethylene^ CHBr=C(C®H®)®, is 
formed by adding iaostilbene to a solution of bromine in carbon disulphide as long as 
the liquid is decolorised thereby, that is, till 1 mol. stilbene has been added for each 
molecule of bromine (Br^). A brisk evolution of hydrogen bromide then takes place 
after a while, and on evaporating the solvent there remains a colourless oil, probably 
CH^r — CBr(0®H®)®, which is resolved, on exposure to the air, or more quickly when 
heated, into hydro, <^eii bromide and bronuaostilbene. This compound forms prisms 
about an inch* long ; melts at 60° ; distils above 300® ; dissolves sparingly in cold* 
alcohol, easily in ether, acetone, and carbon sulphide ; crystallises therefrom with 
difficulty, and easily exhibits the phenomenon of superfusion. It does not unite with 
bromine, and is but slowly attacked by chromic acid mixture (Hepp, loc, ct7.) 

BibTomi%^atilhena or Biphenyl^dibrometkylene, CBr^C(C*H*)*, is 
formed by boiling diphenyl-tribromethane, CBr* — CH(0®H*)’* for some time with 
alcoholic potash in a vessel with reversed condenser ; separates on pouring the mass 
into water, in sneall shining needles ; am3«roay be obtained by reciystallisation from 
ether-alcohol in needles an inch long. It is also produced from diphenyl-tribromethane 
by dry distillation, by heating to 140°— 160*^ with alcoholic ammonia, and by the 
action of silver acettite and a little glacial acetic acid at the same temperature. This 
last reaction probably takes place in the manner represented by the equation 

CBr»— + C^H'OUg = AgBr + + CBr^C(C*H*)*. 

Dipheayl-dib(;omethene melts at S3®, and boils with slight decomposition above 300°. 

* It dissolves easily in ether, chloroform, and carbon sulphide, less easily in benzene 
and in alcohol. It does not unite with bromine, even when heated to 1 40® in a solution 
thereof in carbon sulphide (Qoldschmiedt, Beut. Chem. (res. Ber. vi. 985). 

Biohlariaoatilbane or Bipheny l-diohlorathylane, CC1^==0(C®H*)*, is 
obtained by subjecting^ dipbenyl-tnbhlorethape to di^wdistillation (Goldschmiedt), or 
by boiling it with alcoholic potash (Bayer, ibid, vi. 0223) : 

C01»— CH(0®H»)» - Ha + CCfcC(0*H»)». 

® » 

Diohlorisostilbene distils almost without Recomposition, dissolves eanly in ether, 
chloroform, and carbon sulphide, less^ easily ip alcohol, and in benzene. From hot 
^loohol it separates in flat prisms afl inch long, from a cold and not too concentrated 
alcoholic solution in very well defined prisms ; from eth^-alcohol in long needles. 
These three kinds of brystals exhibit identical forms and belong, according to HinWs 
measurMents {Bogy. Ann, clii. 265) to the monoclinic system. Axial ratio, 
a : 5 : 0 ■> 1*3367 : 1 : 1*7688. Angle a c « 119° 46'. Observed combination, 
OP . oefos . -f (P CD . •fP . +fP • + 2^4. The crystals art elongatR in the direc- 
tion of the axis of symmetry, clWive parallel to the base, and form twins in the same 
direction. Double refraction stroqg and negative. The pjane of the optic axes is 
perpendicular to ue plane of symmei^, nearly normal U> the base, and the first 
medium line is perpendicular to the axis of djri^etry. The interior of the crystals 
is always fiU^ with twin-lamellee, so that the interference phenomena of the optic 
axes are very much disturbed, and only approximate measurements of these angles 
could be obtained, via. in air for fed light, 29° 38' ; for yellow, 30** 50' ; for green, 
31® 12'. The crystals melt at 79® (Hintce). 

BifnonobromopkenyhdichloretkyUne, CCP=C(0*H*Br}*, is produced hj 
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heating diinoBobromopheiijl<iriehlorathane (p. 67^) with alooholie potuh fbr ten 
hours, may be obtained by washing with water and repeated eiystaUisation fn>ia 
alcohol in colcntrless needles^ It dissolves eAtly in hot alcohol, ether, and ohloToform, 
and in carbon sulphide, separates from the latter in huge shining ciystals, and melts 
at 119*^-120® (Goldschmiedt). T^e crystals are oieihorhombic, witlv*the avial ratio 
a :b: c- 042106 : 1 : 0*62060. Observed faces, oe P, co Pf, ae oo Pae> , P a>, P2, |P{f 
The crystals an of the same habit, and exhibit the shme striation as those of the 
analogo^ chlorine-derivative {infra\ but Oiey are all much smaller. The plane of 
the o{^c axes is the base; the first medium line, the bracbydiagonal. Double 
refriietion moderately strong and positive, dispersion of the axes very considerable. 
The acute apparent angle of the axes is in fi>r red light, 37^ 28' ; for yellow, 
84° 22'; for green, 29® 31', Melting point, Il9°-120® (fiintse). 

J)imonochlorophenyl^diehlor 0 t 1 kylene^ CC1^C(C*H^C1)®, prepared by 
boilii^ dimonochlorophenyl-trichlorethane with alcoholic potash, resemblss the 
bromine-compound, and separates from its alcoholic solution on evaporation in erystals 
having a diamond lustre and melting at 89® (Goldschmiedt). The exyetals belong to 
the oraorhombic sy^m, with the axial ratio 0*42466 ; 1 : 0*6 1222. Observed mces 
oo Poo, p2, fpff fpf, 8pl6. TJie plane of the optic axes is the 
brachypinacoid ; the first median line the braehydiagonaL The double refraction is 
moderately strong and positive, the dispersion of the axes very considerable. The 
acute apparent axial angle in air is, for red light, 33® 32' ; for yellow, 84® 28' ; for 
green, 38® 67 (Hintee). 

DifnonocblorO‘dipAsnyt-etbylef/^tOBi*z=K)(0*H.*Cl)\ appears to be formed 
by dry distillation of the compound 0H*C1 — OHtC*H*01)*, resulting from the action 
of strong sulphuric acid on a mixture of monochloraldehyde and monochlorobensone. 
It is an oil boiling between 280® and 286°, very casilv attacked by sodinip, uniting 
witl^ bromine less easily than diphenylethylene, and rather slowly oxidised by chromic 
acid mixture without production of an j&ronmtic iicid (Uopp, iJeut. Chem. Ges. Ber, 
TU. 1419), 

A comparison of the ciystailiuo forms of the compounds above described (pp. 674. 
679) shows that the compounds formed by the lyiion of aldohydic bodies (acet^aloshyde, 
chloral, bromal acid), and aromatic hydrocarbons, with elimination of hydnwen, crys- 
tallise in monoclinic forms when the aromatic hydrocarbon retains its original hydrogen- 
atoms unreplaced, the aldehyde at the same tim^ having any number of i^ hydrogen- 
atoms replaced by chlorine or bromine ; but that the union of aldohydic bodies with 
aromatic hydrocarbons in which the hydrogen is more or less replaced by 01, Br, &c. 
gives rise to compounds which crystallise in the orthorhombic system. In the 
analogous chlorine and bromine-compounds thus formed, the chlorine and bromine 
occupy corresponding places in the molecule, and the resulting conJ^unds are iso- 
morpbous (Hintze). 

OlptEenytoneor Stilbwste AlcolioUi»H 3 rarol»«aso&ui.C'*H** 0 *-« 

(Forst a. Zincke, Dsu/. CAem, Gcs.JBer. vii. 1708; Lubfy’g Annalen,clxxxii, 241). Nofswer 
than six bodies having this composition have l^en described by diflfbreut chemists, vix. 

(1). Zinin’s hydro benzoin, obtafoed by the action of zinc and alcoholic hydrochloric 
acid on benz^dehyde ; formed also, according to Filtig a. Ammann, by the action of 
sodium-amalg^ on the same subscance in presence of water or alcohol. (2). Iso- 


(4 and 6). Limpricht a. Schwanert's toluy^enio and isotoluy lenic alcohols, 
obtained by treating sUlbene bromide with Silver acetate and glacial acetic acid, and 
saponb^ng the product. (6). St ilbene alcohol, prt^uced by the action of alcoholic 
potash on miizoid (compare Isi Suppl. 383; 2nd 171). « 

Pont a. Zincke, however, on repeating ^e processes b^ which these varions bodies 
are said to have been fbim^, have come to Uie concluiaon that bitter almond ^oil, 
benzoin, and stilbene rield by known methods on^ two alcohols, namely, the hydro- 
benzoin of Zinin and the iifohydrobenzoln of Fittig a. Ammann. Bitter almond 
oil jdelds both these products simnltaneouslv ; beosoln yidds only hydrobcnzoln, 
whilst stilbene bromide yields one or the other kceerding to circuinstances. . Tbo 
so-called dicresol and the toluylenic aicoholf appear to be mixtures of hydrobenzoln 
and iscdiydrobenzoin. 

Htdxobbmsoxits (Stilbene AlookoU) from Bmutoic Aldehyde, — Forst a, Zincke 
obtained these oompoimdB : (1). By the action of sodmm-anialgam on bitter almond 
oil in presence of water (the best proportion being 1 of the aldehyde to 4 of water). 

(2) . By the action of sodium-amalgnm on an ethereal solution of benzoic aldehyde. 

(3) . By the action uf bodium amalgam on benzoic aldehyde in presence of acetic acid. 
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In all casaa the product is a mixture of bydrohenzoin and iBO&ydrobenzdui, no other 
well-defined substance being formed. ^ . 

Hydrobenedin from Benzdtn and Je«ffw.--Benzom treated with sodium-amalgam 
in presence of ^cohol or water yields hydiobenaoin but no isohydrobenzoln, some 
benssolc acid being formed at the imme time. c ^ 

i Benzile, when heated with sodium-amfi^am and water, yields a l^e quantity of 
hydrobenzoih, together with a ^mall quantity of a body crystallising in needles which 
melt at 60^. 

Hydrodepzcnns fr&m StUlem bromide, when heated with sj^eer 

€U!etaie and glacial acetic acid, yields the diacetates of hydrobenzoih and isohydroben- 
zoin, and monoacetate of isohydrobeiyscfin. These three products are sepwble by 
fractional precipitation with water; by saponification with alcoholic potash 'they yield 
hy^benzoin and isohydrobenzoin, the former preponderating. 

Stilbene bromide, heated to 160^ with potassium aoetate and glacial acetic acid, 
yields iaohydrohenzdin diacetate and monoacetate, but no hydro]^nz(^ acetate. When 
alcohol is substituted for glacial acetic acid, the product is a mixture of stilbene and 
monobromostilbene. 

Stilbene bromide, heated with sUver^benzoate in xylene, yields hydMd}f|i|zoin «md 
isohj^benzoin dibenzoates, the former preponderating. 

Stilbene bromide, treated with silver oxalate in xylene, yields a large quantity of 
stilbene, and a number of resinous products, which by saponification with alcoholic 
ammonia give almost exclusively hydrobenzoin. 

The distinguishing characteristics of thsBe two alcohols and their derivatives are . 
exhibited in the folloudng table : 

Hydrobenzoin. Isohydrobenzoin. 

Alcohols, C*<H«(OH)a. 

Melts at 134^, and crystallises from Dissolves easily in alcohol, ether, and 
hot acetic acid or dilute alcohol in fine chloroform, and is deposited therefrom in 
glitfcerin^mminse, and from hot absoldte well-formed crystals. From hot water it 
alcohol in large, thin, transparent, rhom- separates sometimes in hydrated, somo- 
bohedral taMets, which latter are obtqjued times in anhydrous crystals. The hy- 
also by slow evaporation of its solu&on drated crystals are clear and colourless, 
in benzene, benzolin, or chloroform. and melt at 96^-96^. The anhydrous 

crystals, which are monocliuic, melt at 
119°-120°. 

Bihromides, 

Sparingly soluble in alcohol and ether; ! Sparingly soluble in alcohol and ether ; 
m. p, 233®, I m. p. 232®. 

Monzaoetates, 

From hydrobenzoin by the action of From stilbene bromide with acetate 
acetic acid. Long needles, easily soluble of potassium or of silver. Short, thick 
in alcohol ; melting at 84®. noedlos easily soluble in alcohol ; melting 

« at 87®-88®. 


Diacetates, 0>*H«(C*H»0y. 

J^m stilbene bromide with silver From stilbene bromide with silver 
acetate ; from benzaldehyde hydrobenzoin, acetate, and with potassium acetate ; from 
by the action of acetyl chloride and acetic the monoacetate by acetic anhydride ; 
acid. Fine prismatic ciystals moderately from isohydrobenzoin with acetic an- 
soluble in hot, less in cold alcohol ; m. p. hydride. Crystallises in laminm or well- 
134®. ^ * defined prisms, both apparently rhombic. 

The laminge melt constimtly at 1 17®-1 1 8® ; 
the prisms, also, at 117®-! 18^ the first 
time; but the second or third at 105 ®- 
106 °. Prismatic crystals, obtained bj 
recrystallisation of the laminse, exhibit 
the same behaviour, mriting the second 
time at 106 ®- 106 ®. 



• 

^IPHESfTL.ETHTLWirE OHIiORIDES. 


Hjdrobensoln. 0 Isohydrobenaoln. 

NMobengeaUt, C'‘H»*(OHK[OC»HK)). 

Foimed, toMther with the dibexuBoato, Obtained, in very snudi quantity only, 
hj heating hyorobenxNLn to 15(J®-160®, by the saAe reaction as the nydrobensoin 
with benzoic anhydride. Slender brilliant compound. CiystaJlises firom weah spirit 
needles or laminm, which melt at 160^- in small shining needles, which melt at 

161^, and dissolye easily in hot alcohol. 130° and dissolve in ether aifll in chloxo* 

ether, or chloroform. form. 


IHbe$uoaUs, 

From stilbene bromide with silver From stilbene bromide with silver 
benzcAte : from hydrobenzoin with benzoyl benzoate, not with benzoyl chloride* 
chloride. Small needles, very slightly White, britUo needles, easily soluble in 
soluble in hot alcohol, more easily in hot hot alcohol ; m. p. 153^»164^. 
acetic aei4i m. p, 246°-247®. 

Isohydrobenzom monobenzoato is also formed in small quantity when isohydro* 
benzom is heated to ld0°-160^ with ozoess of benzoic anhydride, the di benzoate and 
hydrobefUfmn being produced at the same time ; so that in this reaction there is a direct 
tmnsformation of isohydrobenzoin into hy^^benzom. 

Aetioa of 3>llwte Sulpliarlo aoid oa the atUbeae Aleoliola (Zincke a» 
L Brener, DeuL Chem, Ges, Ber. ix. 17d9). Each of those alcohols when thus treated 
yields a liquid and a solid product. The liquid obtained from both is the same, viz., 
diplmnyl-acetaldehyde, — OHO (p. 565^. The solid products are* not iden- 

tical; that obtain^ from hydrobenzoin crystallises from hot alcohol in glistening 
needles melting at 131°~132°, whereas the product from isohydrobenzoin crystallises 
from alcohol in spherical groups of small needles molting at l^th these 

products are but slowly ozidis^ by chromic acid mixture, a small quantity^ipf benzoic 
acid being formed. A solution of chromic fiioxide in acetic acid acts more ener- 
getically, but forms only very small quantities of benzaldehyde and benzoic acid, the 
chief products consisting of crystalline neutral ^diea, which appear to ba identical. 

From these results it appears that hydrobenzoin and isohydrobenzmo have the 
same ^emical constitution, being in fact physical isomorides, as are also the solid 
products formed from them by the action of ailute sulphuric acid. 

The two stilbene alcohols may be re^rdod as diphenyl-glycol, and their 
transformation into diphenyl-acetaldehyde is precisely analogous to that of ethylene 
glycol into acetaldehyde, and to that of pinaconc (tctramothyl glycol) into pinacolin. 


C«H».CH.OH 

c*H*.iH.on 

StQbene * 


C*H*.CHv • 

I >0. 

CW.OH^ 

Dlpheojl- 
i^9ctiudelijde. 

.arSnaSTB OHMSkSM or STXSBnil OKM 

CMH**C1* (Zincke, Ber. x. 999). Thesw compounds are formed by the action of phos- 
phorus pentachloride on the stilbene alcohols. Hydrobenzoin thus treated vieldstwo 
borides, one melting at 191°-192^ and theqpoond at 93^-94°. Isohydrdben&fn yields 
only the high-melting chloride and a considerable quantity of a resinous body contain- 
ing chlorine. The fii*st chloride is eq^rin^y soluble tin hot alcohol, from which it 
cirstaUises in slender needleS solution in toluene yields larger prismatic crystals, 
ai^ by the slow evaporation of a solution in other or chloroform welVdeflned crystals 
are obtained. On heatii^ this chloride repeatedly above 200<>, the molting poiqf is 
lowered to 160®-166®. The chloride melting at 93°-94® is more readily soluble than 
the first, and crystallises from alcohol or petroleum-naphtha in four- or six-sided 
plates or prisms, having an aromatic odour. On heating it several times above its 
melting point, the latter rises and becomes constant at 160®- 1 66® The chloride now 
consists, M does also that obtkined by heating the hiftber-melting mcMiflcation, of a 
mixture of the latter with a more soluble lower-melting chloride, which is probably 
identkal with that having the melting point 93®-94°. , , , 

Phosphorus trichloride converts both alcohols into the chloride melting at 191®- 
192°, '^e acetate formed by the action of silver acetftto on this, as well as on the 

other modification, yields by saponification, Uohydrobemoin, and only a trace of iU 
isomeride. 
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SJVSnm-CWTOO&XXO AOZB, 0‘*H’'0*-(0*H*)H30H— COOH. On tbe 
formation of this amd from- diphenylacetio acid, and its identity with bonzilic acid, 
see p. 666. ^ 

SZVJLMJM KJb-OVAJVZBZara. See GvaHmnai. 

BZVatBKTkn^ CoH’CNd')'. ItodiamdoMp heiiyl . — This base is formed by 
reduction of isoamidonitrodiphenyl (p. 662), -with tiq and hydrochloric acid. The crude 
product, after precipitation of the tin with hydrogen sulphide, is treated with am- 
monia to throw down the diphenyline, and the resulting white precipitate is crystal- 
lised from alcohol. 

Diphenyline crystallises in large shining laminse,. melting nt 63®, sparingly soluble 
in cold, more easily in boiling water, e^ily also in alcohol and ether. Its salts are all 
sparingly soluble in cold water, and crystalUse in needles or in plates. With oxidis- 
ing agents (chromic acid, permanganate, chlorine-water) they yield brown-black preci- 
pitates (G. Schultz, DeiU, Chem, &cs. Ber, ix. 347). 

SZrassrVXr-XSTOSrBf C**.H*®0 = C*H* — CO — C®H®. Bimzoj>hen(me . — This 
compound, heated with zinc-dust, yields three hydrocarbons, viz. : 

Diphenyl-methane = CK*(C*H.*)* 

. Tetraphenyl-ethane C*«H“ == 

Tetraphenyl-ethylene *= 0*(Cr“H*)® 

(Staodel, Beut. Chem, Ges. Bar. vi. 1401 ; ix. 662). 

Diphenyl-ketone heated with alcoholic ‘potash is converted into diphenyl-carhinol, 
C"H* — OHOH — C®H* (Zagoumeny, p. 666).* Heated with fuming mlphuric aoid, it 
yields, in addition to benzophenonesulphonic acid {2nd Suppl. 176), a body having the 
composition C**H®SO*, and probably related to diphenyl-kotone in the same manner as 
snlphoben^ide to benzene. This compound is soluble in alcohol, and very soluble in 
ether and in chloroform, from which it crystallises in needles or prisms moltinft at 
186®-! 87®. 

On pulverising these crystals, and heating the powder with water in a sealed tube 
for several days to 180®-200®, the water on cooling was found to be traversed by long, 
thin, slightly yellow needles, which, on gjeciystalUsation from n mixture of ether and 
alcohol, yielded short, thick, four-sided, Icmon-yollow prisms, melting at 174®-176®, 
and having the composition of the original substance. The watery liquid from which 
these crystalc had separated was neuCxal, and left on evaporation only a very small 
quantity of a substance containing sulphur (Beckmann, Deut. Ckem, Gcs. Bcr. vi. 
1112; viii. 902), 

DisulphodiohlorophenyUketonef or Sulpkochlorohcnzophenone^ 
C’*H*C1^*0® CO(C®H^SO®Cl)^ also called Benzophenone-disulphochloride, is produced 
by the action of phosphorus pentachloride on the sodium salt of benzophenonodisul- 
phonic acid {2nd Suppl, 176). The product, freed from adhering phosphorus-com- 
pounds washing with water, is at first a honey-yellow liquid, but afterwards 
oecomes viscid and finally solidifies. When dried and treated with carbon sulphide 
it crumbles to a white powder, and on recrystallising this substance from ether, the 
disulphodichlorophonyl ketone is obtained in whitM microscopic prisms molting at 
121 ’6®. By reduction with tin ^nd hydrochloric acid it is converted into a hydro- 
sulphide (Bockmami). * * 

»z»usr8r&-miTB Airaor 

This hydrocarbon is formed : 1. Together with others of higher boiling point, by the 
action of slilphfirio acid on a mixture of b|nzene and benzyl alcohol : 

C*H* + C®H».CmOH H*0 + 

(Meyer a. Wurster, Deut, CKem. Ges, .Ssr. vi. 963). 2. Vc^ther with dibenzyl-benzene, 
by heating benzyl chloride with benzene and zinc-dust (Zincke, ibid, iv. 298) : 

• OH*.CH*.01 + C®H® « HCl + C®H».CH».C®H». 

3. Together with tetraphenyl-ethylene, C**H**, and tetrapl^yl-ethane, by heat- 

ing diphenyl-ketone with zinc-dust : CO(C*H*)* + 2H* ■* ji*0 + CH’(C®H*)* (Staedel, 
ibid. V. 1401). According to Barbjer (Cbmpt. rend. Ixxiz. 812) this process yields a 
liquid hydrocarbon boiling at 2d9®'-270®, aim differing in its properties and modes of 
decomposition from diphenyl-methane. Stisedel, however, finds by further experiments 
{Ber. vii. 1480), tliat the chief product of the reaction (90 per cent, of the whole) 
consists of diphenyl-methane, agreeing in melting point (26®), boiling point (268®), and 
all its other properties with thrfc obtained by Zincke*s process. The hydro^bon pre- 
pared in either way forms a diphenyl-methane-disulphonic acid, whose 

potassium salt fused with potassiani hydroxide yields a body which CKystallises 
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splendidly fhim nloohi^ and ether and appears to consist of dihydrozTphsnTl-inethane, 
4. By heating diphenyl-ketone to 130^-140® for six hours with 
hydxiodio add (b. p* 127^) and amorphous jdioo^homs (Graebe, Blsr. Tii. 1628): 

C*H«.C0.C*H* + 4HI - H*0 + 2P + 0*H*.CH*.Cra», 

Diphen^l-methauo passed through a red-hot tube, jlres up 2 at. hylrogen* and is 
converted into diphenylene-me^ane. CH^OH*)* (^raeba, ifiadL I623X l^the 
prolonged action of chMne^ in presence of iodii^ it is mvected into perehloro- 
methan e and perchlorobensene (BaoC he. 1048). 

On thereaction of diphenyl-nMthaiie withJbrmaldeAydf, see 2ttd Suppl, 68^. 

Plpliaitjrl e Mnr a n s nfl in n at is formed when hydrochloric acid gas 

is passed into diphenyl-carbino]. (0*H*)H?HOH,Mh8ed at as low a temperature as 
possible. The proinct solidifies partially on cooling to a radio-crystalline mass, which 
melts at 14^, and is easily resolv^ at a higher temperature into hydrochloric a^ and 
tetraphenyl-othylene, 2(G<H»)>GHC1 - 2HG1 CXC*H»)« (Bugler a. Betthge, ML riu 
1480). 

Bipltenjrl-dlolilorometliMie or BaasopliaBettto Cliloilila» CC1*(C*H*)*, is 
product by hpating diphenyl-ketone with phosphors pentachloride. Behr, who ^rst 
obtained it (2nd Suppl. 176), was unable to purify it, as he found that it was decom- 
posed both ^ heat and by the action of water. But Kekul6 a. Franehimont (Beui^ 
Ckem, Ges, Ber, v. 908) find that by heating bensophenone with phosphorus penta- 
chloride for an hour or two in a flask with reversed condenser, and distilling the 
product under diminished pressure in a slosr currant of air, the diphenyl-dich loro- 
methane is obtained quite pure. It is then a colourless, strongly refractive liquid, 
which boils constantly at 220^ under a pressure of 671 mm., and at 306®, with sl^ht 
decomposition, under ordinary pressure. Water deeomtx»es it slowly in the cold, 
quickly snrhen heated, forming benzophenona and hydrochloric acid. * 

Reactions with Aromaiic Basse (Panly, lAebig^s Annalm, clxxxvii. 108). When 
I mol. diphenyl-dichloromethane is made to act upon 4 mols. of aniline, the mixture 
being careftiUy cooled, a brisk reaction takes place, and the whole is converted into a 
crystalline mass consisting of the diphenyl-metb^e-oniilue, formed according the 
equation, 

CCa«(C*H*)» + - 2Ha -H (0»H*)»Ch=N— C*H*. 

By treating the product with water and ether, thfen evaporating off the c^er, and 
crystallising the residue from hot absolute alcohol, the diphenyl-metheuo-aniline is 
obtained in rhombic crystals melting at 109®, and volatilising without decomposition 
at a temperature above the boiling point of mercury. It is the phenylic deriirative of 
the compound C*H* — N— CH0*H*, called bcmoylanUide by Lsiurent ^ Qorbardt, 
who discovered it rend, dts travaiuc de chimie, 1850, p. 117), and ditoluidine- 

diphenylamine ^hiff, who doubles the fomnla (lAehig^e Annalen, SuppL iii. 343). 

Diphenyi-methene-aniline dissolves in acids, not however forming salts with them, 
but being decomposed into aniline and diphenyl-ketone ; the same result is produced 
whenplatinic chloride is added to its alcoholic solution ; on the other hand, the hydro- 
carbon may be heated with water for t^n hours without ultoration. 

Biphenyl-dicbloromeihane and yield dipJioDyl-meth one-aniline 
and dim ethylani line: 

Ca*(C*H»)» + 2[C‘H»NH(CH»)] « Cra^N=C(C«H»)» + + 2HCI. 

'Rthylaniline acts in a similar manner, but dimetkylaniline forms a base, tlio 

constitution of which may be either ♦ 

O cm\ 

C(C«^J.*)» or CH=:C(C»H»)*. 

its formation being represented by the equation « 

CWH^«Cl» ^ N(C*H*)(CH»)» - + 21101. 

A small quantity of another base, is also formed at the same time. The 

compound C**H*»N fonna salts wito acids; its platino-^lwde, (C**H»*N.HCl)='PtCl*, 
forms flattened yellow needles, ali^tly soluNe in hot water, somewhat more in 
alcohoL The hydrochloride, nitrate, and sulphate are viscid oils, more soluble in 
alcohol than in water. ^ 

With totuidine^ diphei^l-dicbloromethaDe forms^ in like manner dlphenyl- 
methene-toluidine^ (Cra*)^C==N(C*HlCH*), a highly refractive liquid decom^ 
posed by acids into dij^enyl-ketone and toluidine ; and with nc^hthiflamim it yields 
diphenyl-methcne-naphthylamine,(C^»)*C=::^(0**H^),ciyBtaIIisiiigmgoldcii- 
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jellow rhombic plates, and decomposed by acids into diphenyl-ketone and naphthyl- 
amine. 

Diphenyl-dichloromethane is not ^ted upon by ammonia in ethereal solution even 
in aee&d tubes at 130°, but with alcoholic ammonia it yields diphenyl-ketone and 
ethylamine: « I ,, 

CC1^C«H*)* + C*H»OH + NH* « CO(C*my + +2HC1. 

Diphenyl-ketone itself is no£ acted on by ammonia, even in absolute alcoholia solution 
at 200° (Pauly). 

Biaixlpliool&loroplienyl-dlclkloroinetliaiiey C*H\BO>Ot — CCl^ — C*H^.SO‘Cl, 
also called su^hooAlorobenjfopkenonic cMoride and iensopJ^BttomHiigu^iotetraoAloruie, 
is formed by heating disulphodichldSrophenyl -ketone (p. 682), with 4 mols. PGl^, to the 
melting point of the latter. The product poured into ice-oold water, washed, and 
treated with carbon sulphide, separates into two portions, viz., the unaltered ketone 
insoluble in the carbon sulphide, and disulphocmorophenyl-dichloromethane soluble 
therein. On evaporating to dryness and washing the residue with ether and alcohol, 
the latter compound remains as a white amorphous substance melting at ]28°~129°, 
much less soluble in water and alcohol than the ketone from which it is formed, but 
almost equally soluble in chloroform (Beckmann, Per. viii. 992). * 

Bydroxydipbet&yl-metbanev or Benxyl-iplieiioI» 

(Patern6, (fajpjir. chinu ital, ii. 1 ; Fatern6 a. Fileti, ibid* iii. 121, 
251). This compound is formed by heating phenol with benzyl chloride and zinc. 
On distilling the product, unaltered phedol and benzyl chloride pass over below 260°, 
and on distilling the residue under diminished pressure (6 mm.), the greater part of 
it goes over between 180° and 190°, and Bolidifies on cooling to a ciystalline mass of 
small needles, contaminated with on oil which may be removed by pressure and 
crystallisation from alcohol. ^ « 

Ben:^l-phenol crystallises in white silky needles or shining laminae, which are 
permanent lu the air, and dissolve in ether, benzene, and chloroform. It melts at 84°, 
and boils under a pressure of 4-5 mm. at 176°- 180°. It dissolves in alkaline liquids 
and is^predpitated therefrom by a^ids ; does not dissolve in ammonia. Nitric add 
converts it into a nitro-derivative. Treated in acetic acid solution with bromine^ it 
yields an unstable oily compound ; but when dissolved in carbon sulphide and treated 
with excess of bromine, it yields a^solid bromo-compound melting at about 175°, pro- 
bably a a i bromide. By the action of carbon dioxide and sodium at 150°, it is con- 
verts into benzyl-oxybenzoic acid, C*^H**0® (p. 320). 

The higher-boiling portions of the product obtained by the action of benzyl chloride 
on phenol in presence of zinc, contain anthracene and toluene. The anthracene 
is most probably formed, not by the action of the zinc on the benzyl chloride, but 
from the benzyl-phenol itself. This view is confirmed by the fact that when benzyl- 
phenpl is distilled with its own weight of phosphoric anhydride, it yields a brown oily 
distillate, consisting almost entirely of benzene, phenol, and anthracene, the latter 
being formed by the reaustion 

2C»»H>®0 « C®H®0 + H*0. 

Beneyl*p^enoUdi8u9phonic qcidf « 

/C^H» 

, ^ i(SO»H)* 

is formed by heating benzyl-phenol tc^ 100° for about an hour with pts. of sulphuric 
acid. The phenol then dissolves cc^pletely, forming a brown liquid which when 
largely diluted with water^, neutralised with lead carTOnate, and filtered, leaves, on 
evaporation, a viscous substance which after a wfiile solidifies to a white granular 
mass consistfng of bene^l-phenoldisulphonate of lead, C^H®,C*H*OH.(SO*)*Pd. The 
c.cid liberated from this salt by hydrogen sulphide is uncrystallisable, so likewise are 
the ammonium, barium, and copper salts, the last of which is an amoxphous chocolate- 
coloured substance ; they ore all soluble in water. « 

Ben sylph eny I Acetate, — C*H* — OC»H*0, is formed by the action of 

acetyl chlqjdde at ordinary ^m^ratures on benz^l-pbenol. The mixture, after being 
heatw for a short time to comjuete tlm reaction, is submitted to fractional distillation, 
the portion boiling between 310°— 3 20*^ being collected apart. Another distillation ren- 
ders the compound pure. It is a pale yellow liquid, with a slightly acetous odour, and 
of high refractive power. Jt boils at 317^» and has a density: of 1*1043 at 16°. Ex- 
posed to the air, it absorbs moisture, and becomes decompos^ the reproduced benzyl- 
phenol crystallising out in fine needles. Heated with alcohol in a closed tube, it 
yields ethyl acetate and benzyl-phenol ; with ammonia, acetamide is produced. 
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the oil is formed as a seoondacy product in the preparation of ben!^l-phen<d. 

Beneyl-phenyl BeneoaU, C'H»— 0»H^0CJH»O , is Ibnned in like manner by the 
action of ben«^l chlori^ on bem^l-phenoL* It is very soluble in benzene, and 
separates ^eremm in finable CEystals monging to the triclinic systenii; firom alcohol 
it crystallises in iMn plates and ^glistening needles. It melts at 86^, and is not 
decomnosed by boUing alcohol or wa^, or by aqueous solution of potassium hydroxide. ' 
Heated 'with alcohol, however, in closed tubes to 100^. it is partially decomposed, 
with formation of ethyl benzoate. 

Orthophoaphaie, P0(0.C*H<.0'H’)*, is formed by treatiag bensyl- 
phenol iintli phosphorus pentachloride. The two substances act violently on each 
other, with evolution of hydrochloric acid ; and, on adding water to the product to 
decompose the excess of pentachloride, a brown oil is obtained, which solih’fies on 
standing. This product, thoroughly washed with ether and reerystallised fScom 
chloroform, exhibits the composition of the orthophosphate. It forms colourless nee^eis 
melting at It is decomposed by alcoholic potash, with formation of potas- 

sium phosphate and benzyl-pbenoL Sim^taneously with the phosphate, an oily com- 
pound, soluble in ether, is formed, which is believed to have the composition. 

'*?Sce the next article. 


, (J.Weiler. 

Deut, Chem, <?«. Ber. vii. 1188). This hydrocarbon is prepared by dissolving 16 
grams of diphenyl and 5 grams of methylal in 260 grams of glacial acetic acid ; 
adding a small quantity of a mixture of glacial acetic acid and sulphuric acid in equal 
voluoaes, to set up the reaction, and leaving the liquid to itself for twenty-foim hours ; 
then in the course of a day, adding by small portions^ 100 grams of glacial acetic acid 
and 100 grams of sulphuric acid ; and, after another interval of 12 hours, adding 200 
grains more of sulphuric acid. The whole is then poured into water, and the liquid 
thereby separated is distilled, whereupon unaltered diphenyl passes over fiiyt, after 
which the temperature rises quickly above and the dij^enyl-phenyl-methane 

passes over. It is purified by solution in benzene, from which it separates by spon- 
taneous evaporation in small colourless shinii^ monoclinic crystals, lyjielting at 

, , ... 

Diphenyl-phenyUmethane is insoluble in water, but dissolves easily in benzene, 
chloroform, and acetone, less easily in glacial acetic acid, very sparingly in absolute 
alcohol. It dissolves in fuming sulphuric acid, forming a greonisn-blue solution of a 
sulphonic acid which is decolorised by water. It dissolvM also in fuming nitric acid, 
even at ordinary temperatures. It does not unite with picric acid. 

DiphenyNphenyl-ketone or diphenyl-benzophenono, 0O(C*H*X3*H*)*. 
formed by boiling diphenyl-phenyl-methaoe with chromic acid mixture, shows very 
little tendency to crystallise, usually separating from its solutions in granular masses; 
once, however, it was obtained by cTfrstallisation from acetone in tnfts of sm/ill needles. 
It ie* insoluble in water, easily soluble in benzene, ace^nc, and glacial acetic acid ; 
melts at 226®. • ' 


Hiphenyl-phenyl-Cfirbinol qr diphenyl-benzhydrol, - 

CHOH(C*H^.C*H*)*, formed by the action of sodium -amalgam on the ketone, crystal- 
lises in small white needles melting at 161®, and dissolving with extraorcKnai^ facility 

in alcohol and in benzene (Weilor). * 

Mpii^ iiy i^metiiylplwnyl^ infittran Cf Ch | ^ readily formed by 

boiling benzhydrol and toluene vuth phosphoric anhydride. It is an liquid having 
a peculiar odour, boiling at a very high temperature, and not solidifying in a fireezjng 

mature. cm^ 

Chromic arid oxidises it tq an oxy-add, C CO^* which may be 

obtained as a white powder by boiling the product of the reaction with a large quan- 
tity d baiyta-water, and decomposing the barium sidt with hydroehlorie acid« It is 
insoluble in water, easily soluble in alcohol, ethpr, and light petroleum ; cratallises with 
difficulty in indistinct needles ; melts at 187®, and decomposes at a higher temp^ 


The potassium and sodium salts are very soluble ^n water and in alcohol, and 
separate ^m the solutions on evaporation as heavy oils which gradually ciystallise. 
The barium (G^H*K>*)’Ba -f> 7H^, separates by alow coolipg from its solution 
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i freed from excess of baxyta by carbonic acid) in tofts of silly needles an incb long, 
't is very slight^ soluble in cold vater, and ^ves off its -water of cTystallisation over 
sulphurib acid (Hemilian, Deut, dem-Ges, Ber. vii. 1209). 

2>XPHSirrXi-»SSirriiBVB.SnTXJU^ is formed by 

hating tripfannyl-ehlozometha^e to 200® • ^ 

, (C«H»)*CC1 - HOI + (C^KJCC-H*). 

It is somewhat sparingly soluble in ether and cold alcohol, easily soluble In hot 
alcohol and boiling glacial acetic acid, from which it ciystallises in felted slender 
needles having a silky lustre. It melts at 1S8®» and distils nndecompoaed at a very 
high temperature (Hemilian, loc. cit.) 

Pl>HMnrik^TagOO Him wuroat GS(NH.0'’H^)^ See CaBBAMtons, Thio- 
(p. 396). 

BXPBsirni-ToxiTXdara-BZTBZoc Alta AMi3>ak (rH«(NH.CS 
separates after some time from an ethereal solution of tolylene-diamine and phenyl- 
thiocarbimide, as a white crystalline powder melting at 288®. Concentrated hydro- 
chloric acid converts it into tolylene-dithiocarbimide, O^H*(N=CS)»p and hydro- 
chloride of tetraphenyl-tolylene-guanidine, the reaction apparently taljpg place by 
two stages, as represented by the following equations : 


C’H*(NH.CS.NH.C«‘)* + 2HC1 = 2{C!*H‘NH*HC1) + 


Aniline hydrochloride. 


T(^lena^ithio- 

carbtmide. 


NH— C«H» 


»H— era* 

TatisphoiTl-toIylai.- 

Kusuudino* 

(Lossy, Chem, Gea. Ber, viii. 670). 

azaaaa"ni.Tazoa&oaoavTAara.® O^^H^Cl* « 0*H«0l*— CH( 

CCl«— OJ?»— OH»— CH(C«H*)a (Ei.,Hepp, Beut, Chem. Gea. Bet, vii. 1611). This 
compound is prepared by treating a mixture of 4 pts. benzene and 6 pts. butyric 
chloral hydrate, with about three times its volume of a mixture of equal parts of 
ordinary and fuming sulphuric acid. The mixture is left to itself for a day, then 
poured into water, and the product, freed from undecomposad butyric chloral by wash- 
ing with hot water, is crystallised from ether-alcohol with addition of animal charcoal. 

Diphenyl'trichlorohutane ^staHises from ether-alcohol in colourless mono<^nic 
prisma half an inch long. Axial ratio, a (clinod.) : h (orthod.) = 1*0865 : 1. Angle, 
ac= 120® 8*7'. Combination, «> P . oo £ oo , OP. The plane of the optic axes is the 
plane of symmetry ; the angle between these axes is acute, and the first median line 
iM nearly parallel to the principal crystallography axis. The compound melts at 80®, 
and decomposes at higher temperatures, with evolution of hydrochloric acid. It dis- 
solves at 25® in, 2 pts. ether^and 48 pts. absolute alcohol, easily also in hot alcohol, 
acetone, chloroform, benzene, and carbon sulphide. The dAnitr^deriwUive^ 
C**H'*Cl*(NO*)*, crystfiUises from alcohol in small yellow tables, sparingly soluble 
in ctirbpn sulpnide and cold alcohol, easily in ether, chloroform, and benzene. 

Di^vhenyl-trichlorobutane, heated with fumii^ sulphuric acid, yields a sulphonic 
acid whose barium salt, C'*H“CPS^O*]oa, is precipitate from its aqueous solution by 
alcohol. * ^ 

I, (C*H*)*N — CO-^OC*H*, is formed by the action 
of ethylchloTo^rbooate on diphenylamine dissolved in benzene. It is beet crystallised 
fA>m amyl alcohol, and when pure, cryst^lises in beautiful prisms. It melts at first 
at 72*^, but, after prolonged heating, the melting point falls to 66® (Merz a. Weith, 
Her. vii. 1511). % 

9X»mom9mommm%mMW^ C*H*P>OH - 0*H»— FizrP-^H. This oompoluid, 
the analogut of diaeobenzene^ iar obtained by adding water, or better, alcoliol, to the 
thick yellow liquid produced on peamng^ried spontoneousl]^ inflammable phosphoretted 
hydrogen through -^osphenyl chloride. It is a powder wmeh has a fine yellow colour, 

• In Hes^s memoir tbis oompound is m dipbeayl-trfdUorebatrleBe, OCl*— CH^CS'- 

and said to be fotmra fiNun benaene and ‘ crotonio ohloraL,* 0*B*C9i*0 ; but, as ttds latter 
rias been shown to be really batyrio chloral, 0*HKVO (p. 449), the diphenylated oompotind formed 
from it is donbtlees dipheuyl-triehlorobatane. 
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w^r, Blightly soliible in aleoliol, easily in carbon sulphide ; takea fire 
j Heated with nitrie acid, it oxidises to a deep yellow liquid, 

’Wich ^[radually beconies colourless, and then contains phosphorio as well as ]wos- 
phenylic acid. On distilling the yellow liquid before the diphosphobensene has 
separated &om it, phosphenyl chlond^ escapes and a substance hayipg a fine red 
colour remains behind (Michaelis, Chem. Ges. Ber, viii. 499). 

KZPWraULXin, -1C*H<<gg2:°g>0*H*. This compound, treated 

with hydriodic acid and phosphorus, yields, as chief product, a bi basic acid, 

(Graebe, ibid, 1064). , 

l>»l»nAllKim4 NH[C-H*(NO»)®]*. ^ See Brnzrnks, NimamDo- (p. 199), 
H«C— C=CH * 

l»l»]tO»JUU»-n,C*H*-i I . See Fbopabo\x (2nd Sbpp/. 1008). 

H*0— 

DZP&OPnCA&BOasirzoirXC ACX1>, An acid formed by the 

action of a solution of potassium hydroxide in normal propyl alcohol on deoxybensoVn 
(p. 628). 

X>ZPXOPTZiSm. See Proptlenx. 

OZPaOPyZJPBOSPBCZSnu. See PaosPHixfXs. 

l>ZP8B17X»OOiriinWBainiPBfiL»KZX>ap NH(C«H^'SO^^ See PsRuno- 

CUKENB-DEBITATITISS Under TjRIMPTHTLBHM^fCNIS. 

BZPBBUBOPBOP'n JEBTOJTB. See Propti, Kbtonbs. 

PXPSBinPOTOXiYZr>CABBAIBTX>«> See DiTonTU-coMPOUNDS. 

X^PTBROOAJLPVS aA.X88AM[ or OVVinr BALZBAMT, The^ volatile 
oil of this balsam, called Wood-oil, may be distinguished by the splendid violet colour 
produced on dissolving it in about 20 parts of carbon sulphide, and adding a drop of 
a cooled mixture of strong sulphuric and nitric acids. The same reaction is exhibited 
by the balsam itself, and is not interfered with by the presence of copaiba balsam. 
Cod-liver oil and valerian oil, similarly treated,* likewise exhibit a fine violet colour, 
but for a short time only (Fliickiger, Pharm, J, Tram, [3], vii, 2), 

BZ-B8BOBCXV. See Besorcw. « » ^ 

BXBBOCXATXOBT. See Heat, DscxiifPOSiTiox rt. 

BXSTXBBATXOir. Modifications of Linnemann’s apparatus for fractional dis- 
tillation (27 k:^ Suppl, 436) have been devised by Le Bel a. Henniger {Deut, Chem, Oes, 
Ber, vii. 1 084) with the view of accelerating the condensation, obviatiu^ the necessity 
of constant watching, and efibcting a more complete separation of the mixed liquids. 

The apparatus of Le Bel a. Henniger {fig. 1) consists of a long glass tube with a 
number of bulbs blown on it, wider than tuose in Linnemann’s apparatus, and having 
a contraction below each bulb for the purpose of hindering the downward fiow of the 
liquid and causing it to collect in the bulb ; the passage may, if necessary, be still 
further narrowed by the introduction of small fragments of glass, or better, of little 
balls of platinum wire. The back^fiow of the condeMd liquid into the distilling 
vessel is effected by means of narrow tubes, at 6, fhscd into the wide 'tube and bent so 
as to prevent the vapours from passing Apwa^s through them. These tubes must be 
long enough to prevent the liquid from being thrown out by the pressure existing in 
the boiler and the bulbs. The number and ei^e of the bulbs depend, of eoune, upon 
the quanti^ of liquid to be distilled, and the more or less complete separation to be 
effected. The figure represents an apparatus with two bulbs for the distillation of 
about 500 C.C. of liquid. Two qpch tubes may be easily arranged one above the other 
and connected by corks, caoutchouc, ficc. » 

Commercial wood-spirit, distilled in an apparatus of this kind with five li^ge 
bulbs, yi^dad, after two distiUations, two-thirds of its bulk of acetone boiling between 

and 68^, three litres of distillate being collected in about six hours. 

Glinsky’s apparatus (fig.^) is provided, like that of Linnemann, with cups of 
platinum wirs-ganoe, but dififers from the latter in having larger bulbs and a bent 
lateral tube for the taudc-fiow of the condensed Imnid. ^^The following sre the dimen- 
sions recommended fior distilling various qigustioes of liquid of difirent degrees of 
volatility. 

1. For distilling large quantities of liquid of boiliitf point not above 160°, the 
tube should be 60 cnudong, 2 cm. in diameter, and provided with five platinum-gauze 
cups ; ^ameter cd the capillary apertaro in the lateral tube » 1 mm. 

2. For distilling frinn ^ to 6 kilo, of liquid boiling below 100°, the principal tube 
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ihouM be 40 cm. long, 12 to 13 mm. wide, and provided with Eve to eix platmtim* 
fauze cups: diameter of capillary aperture in lateral tube = ^ to 4 mm. 



Fio. 1. Fio, 2. 


r tube should be half as long and half as wide as the last, and the diameter of the 
capiUar7 aperture in the lateral tube 1 mm. 

l>ZTJk BARS (J. Jobst and O. Hesse, Liebigs Annalen, clxzviii, 40-79). Hita 
is the name given by the inhabitants of the Philippines to the bark of Whites acholaris 
(a), the Alstonia seholaris of Brown, a forest-tvoe belonging to the natural order 
AjJocynaceaB. Gruppe, an apothecary at Hanilla, first isolated from this bark a sub- 
stance which he \.*alled Ditam^ possessing febrifugal properties. Gorup-Besanez (ibid. 
clxxvi. 88) afterwards extracted from ditazn a crystallisablo substance wUch proved 
to be an alkaloid, but which, for want of material, he did not completely examine. 

Piti# bark usually consists of irregular curved framents from 40 to 60 mm. long, 
16 mm. wide aud 1 mm. thick, covers 'externally with a thin leather-coloured cortical 
layer, and often exhibiting transverse and longitudinal furrows. The inner surface 
is slightly reticulated and longitudinally striated. The bark is moderately hard and 
easily friable, yielding a yellowish -grey powder, whi^ is scentless, aud produces, after 
some time only, a bitter but not unpleasant taste. Under the microscope, the cells of 
th^' bark are seen to contain ciystalline deposits, probably consisting of calcium 
oxalate. 

The following definite principles have been extractal from the bark : 

1. JMtamtne or IMtaisief the alksdoid of the bark, is best extracted by boiling 
alcohol afterithe bark has befci ^reed firom fiitty matter by means of light petroleum. 
The alcohol after distillation leaves a solntiOD containing a salt of dittunin^ which may 
be decomposed by Biddition of soda, and the base may be removed by agitation with 
ether. The ethereal solution shaken with weak acetic acid gives a solntion which, 
ai^er decolorising with anifiial charcoal, yields, on additionr of ammonia, a white 
amorphous precipitate of the alkaloid amounting to about '02 per cent, cxf the bark. 

Intamine is easily soluble in ether, eblor^ono, benzene, aud alcohol, and on 
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emporation remains in the form of an amorphous mass. It sometimes seemed to 
crystallise ficom petroleum spirit. It melts at 75®. 

Its salts are generally amorphous, but the hydrochloride was Oifce obtained in the 
fomi of needles. The hydrocbloride giyes writh platinic chloride a yellow amorphous 
precipitate, besides precipitates with gold chloride, mercuric chloQde, and mMitric 
iodide dissolved in i^ide of pofSlssium. Precipioltes are also obtained with iodide of 
potassium, thiocyanate of pot^siiim, tannin, ana pho|phomoIybdic acid, but no change 
occurs on addition of feme chloride. The base pas not been analysed, the quantity 
obtained not being sufficient for the purpose. 

2. Xolitoaontoliiii. This substance, together with those whidh follow, is 
extracted from the bark by treatment with li^t petroleum as above mentioned. On 
expelling the petroleum from the extract By boiling with water, there remains a 
gelatinous ropy mass which hardens on cooling, and may then bo easily broken into 
lumps. This mass is repeatedly treated with boiling alcohol till a pr)rrion of the 
alconol taken out no longer deposits crystals on cooling, but merelj^ becomes milky. 
There then remains an extremely elastic residue whicli dissolves in petroleum, forming 
a milky solution which cannot be clarified by filtration, but only by leaving it at rest 
for several months till the suspended matter has settled down, or by distilling off the 
petroleuiA and heating the remaining liquid to about 100®, whereby the finely divided 
suspended matter appears to be coagulated into denser masses. On repeatedly treatini^ 
this residue with cold petroleum, the echieaoutchin is dissolved and white flocks 
remain, consisting of a kneadabje resin which melts above 100®, is nearly insoluble in 
ether and light petroleum, but aissolve^paringly in boiling alcohol and very easily 
in chloroform. A clear solution having been thus obtained, it is next treated with 
animal charcoal, whicb nearly removes the yellow colour ; the petroleum is evaporated 
off, and the residue is repeatedly treated first with boiling alcohol and then with hot 
water. 

^Ichicaoutchin thus obtained has the composition It is a tough yellow 

body, brittle below 0°, but softenli when immersed in lukewarm water, and may then 
be drawn out into silky threads. It dissolves easily in chlorofl>rm, ether, bonxono, 
and light petroleum, but hot alcohol dissolves only traces of it. It is insoluble in 
strong potash-ley, oxidised to a yellow nw-ss^by strong nitric acid, blnckdliod in the 
cold by strong sulphuric acid, resolved into small particles when heated therewith. 
Bromine added to its solution in chloroform^ blackens the liquid and appears to 
decompose the echieaoutchin. • • 

3. BolitoerlOf "When the petroleum extract of the bark is boiled with 

hot alcohol, the alcoholic solution, on cooling, first deposits^ an oily mass which after- 
wards solidifies, and then a considerable quantity of white crystals, an additional 
quantity of which may be obtained by dissolving the solidified mass Above mentioned 
in hot acetone and leaving the solution to cool. The crystals thus obtained are • 
mixture of echicerin and eebitin, which may be separated by drenching mixture 
with a quantity of light petroleum sufficient to make it into a stilf pulp, and after a 
while pouring off the liquid portion, which contains chiefly the echicerin. The 
petroleum is then expelled by heat, and the residue dissolved in boiling alcohol, which 
on cooling deposits the echiceriS still mixed ^th small quantities of echitin, to bo 
separated by repeated crystallisat^n from boiling alc#hoL 

J^hicerin crystallises from boiling alcohol in stellate or nodular groups of small 
anhydrous needles. It is very eligibly soluble in cold alcohol, but dissolves with 
extreme facility in ether, light petroleum, acetic ether, benzene, and chloroform, less 
easily in acetone, and is insoluble in water^jpotssh, ammonia, and diliffe acids. 

Echicerin turns the plane of polarisation to the right, its specific xotatoiy power 
is in ethereal solution aD=» +63- 76® ; in cHloroform solution +65-75®. It melts at 
167®, and 8**^ higher temperatures creeps up the sides of the vessel without actually 
distilling, emitting at the same time a faint odour like that of heated caoutchouc. 

■ Bromechicerinf is fo^ed bv dropping bromine dissolved in chlomform 

into a chloroform solution of echicerin. The resulting solution is left to evaporate in 
the air ; the residue is me]±^ in boiling vwiter to remoyo l^drobromic acid ; and the 
bromechicerin thus obtainfi is purified by crystallisation irom boiling alcohol, which 
dissolves it with moderate facility, and deposits i t on cooling in dull white or some- 
times transparent spherules 'gradually becoming cryBtalline. It dissolves readily in 
chloroform aqd light x>etroleum ; does no# unite either with bases or with acids, or 
with water. When triturated it yields a white powder melting at 116®. 

BeHleertc aoidt is formed b/ addtiig sodium to a solutioD of echieerin 

in petroleum (b. p.‘ about 80®) and heating the mixture to 60® from time to time. 
After this treatment had been co'ntwued for a^ut twoNmonths, the solution, containing 
caustic soda formed by oxidatioo of the sodium, was decanted from a fatty deposit 

8rd Sup . ' y y 
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(probably impure echicerin) and supersaturatei with hydrochloric acid, and the 
echiceric acid thereby liberated was dissolved in ether^ which left it on evaporation as 
an amorphous mass. p 

Echiceric acid is inodorous, melts at a little below 100°, is easily soluble with acid 
reaction in slcohel, soluble also ihjether and in chlo|:oform. It dissolves in alkalis, 
and the ammoniac^ solution, containing excess of echiceric acid, gives white precipi- 
t^es with barium chloride, silver nitrate, and lead acetate. 

Jsbst a. Hesse repijssent the formation of echiceric acid from echicerin by the 
equation ; 

• C«H«02 + + H2. 

4. Bebltln, remains for^he most part undissolved when the mixture 

already mentioned (p. 688) is treated with petroleum ; and on dissolving this residue 
in boiling alcohol, and leaving the solution to cool, echitin separates out first, and 
then, after some , hours, a small quantity of CK^hicerin. By one more crystallisation 
from alcohol the echitin is obtained pure. 

JEcmin forms white anhydrous scales which melt at 170°, and require 1480 parts 
of 80 per cent, alcohol at 16° for solution. Its solution in ether has a right-handed 
rotation [a]D« +72*72®. In chloroform [o]i>= +76*26°. r 

This compound is indifferent to acids and bases, but forms with bromine a well 
characterised substitution-product, 0®H®'BrO®, which is obtained in Ihe same manner 
as bromechicerin, and separates from boiling alcohol in colourless gelatinous 
spherical masses, gradually becoming hard and cryslilline. It melts without loss at 
100°, dissolves easily in ether, chloroform, iCnd benzene, has a neutral reaction, and is 
altogether an indifferent substance. 

6. lAcliiteiiif remains partly in the alcoholic solution from which the 

mixture a'' echicerin and echitin has separated, partly in the oily mass which separates 
from the solution in the first instance (p. 689). When the alcoholic mothe^liqubr is 
left to evaporate at 40°-60°, the sides of the vessel soon become clothed with delicate 
arborescent ciystals of echiteiu, in the midst of which a viscid fluid mass gradually 
collects. The crystals are separated from this substance by filtraiion at the same 
temperature, and flnalljr by pressure between filter-paper. A portion of the e<diiteSL» 
is, however, Contained in the viscid liquid, and may be separated by dissolving the 
whole in hot acetone and leaving the solution to crystallise in tall vessels ; it then 
deposits frosCy, heavy, nodular, crystAKine groups of echicerin and echitin, afterwards 
light needles of echiteiu, and Lastly a resinous substance called echiretin. The echitcin 
is easily separated from the heavier crystals of echicerin and echitin by levigation 
with the mother-liquor before the separation of the resinous echiretin begins. Lastly, 
the two portions of crude echitei'n, obtained as above, are stirred up with a small 
quantity of lighf petroleum, the liquid is pipetted off, and echitein, purified by recrys- 
tallisation from boiling alcohol. 

crystallises from hot strong. alcohol in light needles, which consist of 
prisms apparently belonging to the rhombic system. 1 pt. dissolves in 960 pts. of 
80 per cent, alcohol at 16°. Bight-handed rotation, [«]!>— 88° in ether; 86*46° 
in chloroform. It melts at 195°, forming a colouilesB uqnid which crystaUises at 

BromecMimit 0*®H®'Br*0®, |U:epared like the broihinated derivatives of echicerin and 
echitin, forms, when dry, a yellow powder melting at 160°, easily soluble in boiling, 
less easily in cold alcohol. Chloroform and ether dissolve it readily, and leave it on 
evaporatrsm as a gelatinous mass in which crystals afterwards form. It is hot 
attired by potash, but dissolves with pi£rple-red colour in. strong sulphuric aci^ 

6. B^lrotlii, .^fter the greater part of the eahitein has erystalUsed 

out from the alooholic or acetomc solution, as above (^scribed, a yellowish^hen oil 
begins to separ^e, which is a solution of echiretin in B|^hol or acetone ; and on 
dissolving this ou in acetone, and leaving the solution to evaporate in a tap-funnel, 
the Sbhiretin gradually collects in the tube of the fuimel as an oil mixed with crystals 
of echitrin. On opening the tap, tlw oil, togrsther with |ome of the acetonic solution, 
runs off, while the crystals of ochitftn are retained. Th^WHy layer of echiretin is then 
sepava^d by a pipette, dissolved in eUieir, and decolorised by annual ehhrcoal. After 
the evaporation of the ether, tha eriiiretin pemaiq^ as a yellowish very brittle residue, 
easily separated from the sides of the ves^l. 

echiretin forms a translucent mass which may be rubbed down to p white powder. 
It is tasteless, neutral to test-papers, and melts at 62°. It dissolves easily in ether, light 
petroleum, chlbroform, boiling ^eton|r.and boiling alcohol, and separates from the last 
two solutions, when sufficiently concenteted, in the form of an oil. Botatoiy power in 
ethereal solution, aois +54*82®. Bromine is ea^ly absorbed by it, Strong nitric 
acid converts it into a yellow easily fusible resin. Strong sulphuiia agid dissolves it 
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ai ordinary l^mpel^tnres, furmiug a blood-red solutlonp which becomes brown*rod 
when heat^. 

A compArison of the fonnulae of theseli^inoid substances sterns to indicate that 
they hare a dose relationship to one another^ and to the similar expounds obtilued 
from the milky juice of other p^nts. • ' • 

Echicaoutchin . ^ . . . ‘T • (C*H*)*0* ' 

Echicerin . . . . . , . 

Echiretin . . . . ' (C»H»)*0* 


Echitin is also homologous with erhicerin. and echiteYii with echiretin: 


Echicerin 
Echitin . 
Echiretin 
Echitdn 




C’H* 


Echiretin and echicerin are probably identical with two resins obtained by Heiqto 
firozn the milk of the Cow-tree (Tabemaniontana utilis), 

Eehi^erin also has the same percentage composition as lactncerinp although the 
properties of the two bodies do^aot agree in every respect. Cubob camphor is another 
TOdy which appears to be isoineric with echicerin, whilst the antiaretin obtained 
by do Vrij and Ludwig fiK)m the Autiaris eo:ticaria seems to agree with eohiteih. 

Dita bark contains, in addil^j^ to the substances above described, a small miantity 
of another alkaloid, soluble in water aid alkahs, but insoluble in ether. Jobst a. 
Hesse are, however, of opinion, that this bark will never become a productive source 
of crystallisable alimloids, and that its febrifuge qualities, if> it.possesses imy, Inust 
be due to some of the other constituents. 

•The bark also yields calcium oxalate, and some acids precipitable by acetate of lead. 
BIVASTAUC AOXB. See Tabtaric Acid. 

SimOMIprXOZC Adn* See Bbnsoic Acid Hbbivativics (p. 297). 

^ linmzooifjkirxo ACZ9. See CxAN^p Aoip (D1TKIO-) (p. 608). 
nraSZOXrZO AOZli. See Suu’HUB Acids of Oxtobk. 
HZTBZOMnrSSXAimO Acns. Sm Tu iopbu^sia Wio Acids.^ 
HZTXXMOJLY&VVHASra. See 1 >ioxythymyi.] 9THANB (p. 666). 


BZTO&n, 


Di-^ihyl-phent/l—Solid ditolyl, prepared by 


e«H^— OH* 

CH»‘ , 

the action of sodium on parabromotoluene ii2nd Suppl. 1179), is not altered by beating 
to 600® for a quarter of ah hour, but by longer heating it is decomposed, with separa- 
tion of charcoal; no anthracene or phanthrone is formed in this decofbposition. 
Liquid ditolyl (b.p. 280°-286®) from the same source is completely resolved ny heat- 
ing for five minutes into anthracene (with a small quantity of pbennnthrene), toluene, 
and free hydrogen, 2C*^H**«»<3*^**+ 2C^H* + H*. A third modification (c^itolyl), 
prepared from liquid brbmotolucne, is resolved a(^ 600®-600® into n^mixtute of 
phenanthrene, anthracene, and toluene [with evolution of hydrogel] (Barbier, Chmpt 
fW. Ixxviif. 1769 ; Aan. CA PAys. [y, vii. 626). 

Solid ditolyl dissolved in acetic acid is oxidised by excess of chromlo' acid to 
diphenyldicarbonic acid, (C^^)*(C>OOH)* (Hoebner, p. 667). • • 

By iaoOBiplete oxidation with 2*294 ptSfCrO* to 1*117 of the hydrocarbon, solid 
ditolyl yields Udyl-p^pl^'eaThonic acid, Cm.C*H*.0*H*.C00B[, melting at ^43^-244^ 
Liquid ditolyl, m.p. 270®-280* and 280®-290% oxidised with about three times its 
wei^t of CrO*, gives a ioUd-^npl^xtrbonic add melting at 176® :^with 7 pts. CW)», 
E.dMempt^diearbamia' add isome ric Urith the one obtained from solid aitolyl ; and with 
11 CK>* it is completely oxidised to ierephikalio add. Solid ditolyl appeiBrs to 
be we para-p€ara- and liquid ditolyl the ortha-pofu modideation of di*methylpheqyl 
(Carnelly, Cnem* 8oa* ii* 663). : * , 

is formed by heating toluidine, (COriKB*, 
with its hydrochloride. It forms long white needlA 'vriiich mSlt at aixmt 70®. AottvU 

di^ulamL, (<rH0^(O»H«O), boils at W ; befu^i — - 

at 126® (Gerbir; Deut, CAem, Ges. Ber. vi. 446). 

Dupcet^otolvl-eariamide, 

prepared by heating pseudotolnidine (orth^mluidiib) with urea, erystoUisee in 
white ihodles. Treated with carlwn disulphide, it l^lds di-j 


aiSde imdcarbdq oxysulphide,€CKi^H,eH’)* + CSi-«X)S + ^^ 


»ly l-thioearlH 
XTBPy. Heated 
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with phosphorus trichloride and psendotoluidine, it is Converted into tri-psendotolyl- 
guanidine. 

CO<N|-g|; + C’H'(NH*) .# H»0 + C»H»-N=:0<"S5 £5J 




which is also fo^ed from ditolyl-thioearhamide hjr heating it with psendotoluidine 
HV>ne, or in alcoholic solution with psendotoluidine and lead oxide. 

Tri-pseudotolylgnanidino hetfted to 180^ with caifhon disulphide is conyerted into 
di-pseudotolyl-thiocarbamide and pseudotolyl-thiocarbimide or isothiocyanate : 

+ OS* = OS(NH.C’H’)* + CS=N(0*H’). 

Pseudotolylthiocarbimide is, howeyeCf best obtained bjr boiling di-pseudotolylthio- 
carbamide with fuming hydrochloric adid : 

CS(NH.C»H*)* + HCl * (NH*CnB[*).H01 + C3=:N.CPH». 


It is a colourless, strongly refracting liquid having a pungent odour, easily volatilising 
with vapour of water, and boiling constantly at 239^. Like other thiocarbimides 
(mustard oils), it easily unites with amines to form thiocarbamides (thio^ureas) (£. 
Q-irard, Deut. Chem, Ges. Ber. vi. 444). 

Bitolylcarbamide (m.p. 266®) and ditolylthiocarbamide (m.p. 1?76®) from 
paratoluidine have been already described (pp. 392, 398). 


nrroZi'nH-STXAarB or BZiinTBrnPBBinrxdnnfAarB, 

(C*H*.CH*)*HC — OH*, is formed by the action of aataldehyde on toluene. To pre- 
pare it, paraldehyde is added, slowly and ijdth freq&nt agitation, to well-cooled sul- 
phuric acid till the acid has dissolv^ ftom 1 to 1]^ per cent, of it, after which toluene 
18 gradually added injjdie proporiton of 2 mol. C^H* to 1 mol. C*H^O, rise of temper- 
ature being all the while carefully prevented by cooling with ice. The mass, after 
being welf shaken and then loft at rest for a few hours, is poured into a large quantity 
of water, and the oil which rises to the surface is removed and shaken with ether A 
considerable quantity of rosin formed at the same time must also be agitated with 
other. On subjecting the ethereal solution to fractional distillation, dimethylphenyl- 
otliane passes over at 29d®~298®, and is easily obtained pure by drying it in contact 
with sodiiffii. The quantity obtained is'about equal to that of the aldehyde employedt 
Bitol^l-ethane is a strongly refractive oil having a fragrant aromatic odonr, and 
not solidifying at — 20®. With cold fuming nitric acid, it yields a nitro-compound 
which fomw'llinaU highly lustrous cf^lstals. It also forms a substitution-compound 
with broOQne, On passing its vapour through a red-hot tube, methyl-anthracene, 
0I5h;>*, is formed. By oxidation with potassium dichromate and sulphuric acid, it 
yields the same products that Wieler obtained by the oxidation of ditoly 1-methane (j.v.) 

viz. ditolyl-ketcme (m.p. 94®), and tolylbenzoic acid, C^<Cc«H^CO*H 222®) 


(O. Fischer, Dcut, Chem. Ges, Ber, vii. 1191). 

Bitolsrl-monooXiloretl&aney (C*H*,CH*)*HC — CH*C1, prepared from mono- 
chloraldebyde and toluene, in the same manner as diphenylmonochlorethane from 
monochloraldehyde and benzene (p. 674), is resolved by aistillation into hydrochloric 
acid and dimethyl-stilbene, (C®H^.CH*)*C~CH* (H6pp, ibid. 1413). 


Bltolyl-triolrtoretliane,^ (C®H*.CIJ*)®HC — CCl*, is prepared by stirring a 
mixture of 1 mol. chloral and rather more than 2 mol. toluene into strong sulphuric 
acid. To the mixture, which becomes hot alid acquires a dark red-brown colour, 
8ulphuric«.acid,iB added in a cooled vessel till the whole becomes pasty, and the pro- 
duct, which quickly solidifies, is thrown ^nto a large quantity of w-ater, boiled with 
water for several hours, then dissolved ii^alcohol or ether-alcohol, and decolorised by 
animtd charcoal. ‘ 


Bitolyltrichlorethaue forms fine crystals melting*^ at 89®, and decomposing at a 
higher temperat-dre. It dissolves in 2 pts. of ether and in 40 pts. of alcohol. Boil- 
ing ^alcoholic potash converts it into ditolyldichlorethene, 
(0*H^.CH*)*=:CCI*, which crystallises in very brilliant needles melting at 92®, solu- 
ble in 2 pts. ether and 36 aloohok ^ 

Dinitroditolyl-irichlorethane, C**H**Cl*(NO*)*, formed by dissolvii^ the 
trichloro-compound in fuming pitrje acid at the heat of the water-ba&, crystallises in 
short brilliant yellowish prisms melting at 120®-! 22®. 

JDihrofnoditoly l~eriehlor ethane, is formed by adding bromine 

(2Bt*) to a solution of ditolyl-trichlorethake in carbon disulphide ; the action is com- 
plete in a few days. On evaporation the solvent and treating ^e residue with light 


petroleum, a white jNOwder is obtained,- which, by crystallisation from alcohol, is con- 
verted into shining iridescent laminie. The compound melts at 148®, and gives up 
I mol. HCl when treated with potash. 
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Oarboxtflphenyl-tolj/l-triohlorethaue, CC1»— 

ia _ formed by boiling ditolyl-trichloretbaim for live or rix days with ebromio acid 
mixture. A solid mass then separates olk^ which must he exhausted with boiling 
ammouium carbonate, and the resulting solution treated with hydrochloric acid yields 
a precipitate of the carbozyl*(jbmpound. Strong alkalis must not be used for the 
exhaustion of the crude product,^ they would abst^t hydrochloric acid and prodlM;e 
a mixture of the compounds, C'>H“C1*0® and whicli would be difficult to 

separate. 

Carboxylphenyl-tolyl-trichlorethano crystallises from glacial ac^lbic acid and 
alcohol in tablets melting at 173°-174°. It is a monobasic acid, and its alkali^salts 
ciystalliae well ; the barium, calcium, and iq^nesium salts are flOoculcnt sparingly 
soluble precipitates (Fiseher). 

Bee Ukbidks. 

2>XXTXiT£. See Xtlyl. 

3>OZJEaiZTB. In support of his views respecting the relations of dolerite, ana* 
mesite, and basalt (2nei Suj^l. 439), Sandberger has analysed sonic of the constituont 
minerals of the dolerite of the Frauenborg near Heubach. The results show that 
dolerite consists of andesin, titanic iron, ai^te, altered olivine, and npatite, w^hereas 
basalts are destitute of titanic iron, and probably contain labradorite instead of andesin. 
There are also basalts (e.ff. thosAif Lowenbuig in the Siebengebirge, and Oberbrechen in 
Nassau) which approach dolerite in theffi coarsergrained structure, though not in their 
mineralogical constitution {JahrKf, Min. 1874, 88). 

From analyses by Gt. W. Hawes Am. J. [3], ix. 186 t Chei/fi. Soc. J. 1876, i. 
350), it appears that the trap-rock, which, in the form of dikes, intersects ^e mesozotc 
salldstone of the Connecticut valley, has, when unaltered, very nearly the composition ’ 
of dolerite (see Traf-rocxs). 

On the Microscopic Structure and Composition of British Carboniferous Bolsrites, 
see S. Allport {Cfml. Soc. Qu. J. xxx. 629 ; Jnhrh. f. Min. 1876, 426), 

* saibOBCXTlIt Fm'maiion. — F. Hoppo»Seyler {JUitschr. QeoL Gesi xxvit. 496) 
infers, from numerous experiments, that dolomite cannot have been formed at ordinary 
tomponituro. At higher temperat ure.s, however, magnesium salts act upon lime in 
such a manner as to produce dolomite, the Reaction commencing at^t^peratures a 
little above lOO*^ : in this mauner dolomite may be formed by the tiatur^il lyetion of sea- 
w’ater, calcium carbonate, and carbonic acid. Haines a. Boelter (JdArd. J. Min. 1876, 
310), from an examination of the dblomitic formations of 8outh Tyrol, have arrived at 
results agreeing very well with those of Ho^pe-8eyler (without reference to temper- 
ature). They conclude that slightly dolomitic limestone forraatiofis of great extent 
and tnickness have been produced directly from marine organisms, and that normal 
dolomite, CaCO'.MgCO*, which occurs much less abundantly, has been* formed by 
subsequent addition of magnesium. Dolomites rich in magnesium Imve for the most 
part been produced by the action cf marine magnesium salts on calcium carbonate, and 
focml differences of composition %re duo to the subsequent action of running water. 
For analyses of dolomites on which these conclusions founded, see the memoir above 
cited; also J. pr. Ckejn. 1876, i^59. Hdrncs (Verhandl, geol. ^Rdckanat. 1876, 76) 
disputes the conclusions of Hoppe-S^ler respecting the temperature at which dolo- 
mites have been formed, as inconsistent with observed geological relations, especially 
in South Tyrol. • 

Crystalline form . — The following axial relations of calcspar and dolomite have been 
deduced from very careful measurements %y N. v. Kokschaiow (iVl Petersb. Acad. Bull. 
xxi. 47). ^ ^ 

Frincijial axis Beoondary axis Angle of rhomboliedron 

- Calcspar . . 0*864628 : 1 106® 4' 0" 

Dolomite . . 0*831033 : 1 100° 16' O" * 

A white granular dolamito from Vigo in tbo Fbt^satbal, having very nearly the 
normal composition CaO.CO® + M^O.CO^ has been analysed by .T. liunipf {Min. 
Mitihcil. 1873, 33) with the following results: . ^ ^ 

COI CaO MgO 

Found .... 47*42 30*07 21*70 •* 10018 

Calc 47*88 " ' 30*43 21*74 « 100 

C. A. Bart {S^. Am. J. [3], vi. 213) has amdysPd a dolouiite front the magnetic^ 
iron ore locality of the Tilly-Foster Mine, Futuam County, New York, The percent- 
age composition is : 
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C30» CaO MgO MnO PeO 

46*97 30*30 20*78 0*13 0*91 - 99 01? 

^whence may be deduced the folloiiriDg propulsions of the carbonates : 

CaCO* MgOO* MnCO* 

5.^*82 43*66 ^ 1*13 0^63 =* 99*24 

^ue-grey WeUendolomite, from Ittersbach in Baden, used as a hydraulic UmCi has 
beenanalysed by Brigel {Jahreub, Chem, 1873, 1228^: 

CaCO* MgCO* A1*0« FeO K®0 Na*0 X* 

64-48 31*16 6-71 2*17 0*26 1-83 2*85 « 09*46 

• • InBolublo residue consisting ot SiO“, A1*0*, Fe^'O*. 

Vogelgesang {Jahrh.f. Min, 1873, 431) gives analyses by A. Mayer of two marly 
Wollemdolomites from the Black Forest of Baden ;d. from Konigsfeld ; 2. fromMonch- 
weiler ; A. total analysis ; B. portion soluble in hydrochloric acid. 


1 A. 
B. 

CO* 

36*80 

36-80 

III 

CaO 

20*93 

20-68 

MgO 

17*51 

17*35 

Na*0 

0*86 

0*50 

x*o 

0*96 

0*12 

A1»0* 

2-68 

trace 

Fe*0* 

6*80 

4*59 

SIO* 

10-39 96-99 

0*26 80-30 

2 A. 

11*20 

0*12 

16*66 

4-64 

0*66 

1*96 

21*77 

ji 

44*18 «101*08 

B. 

11*20 

— 

16-20 

1*00 

0*23 

0*53 

'^0*14 

1*14^ 

0-18 * 30-62 


Tlie analyses Include uudotcrminod water and organic matter. 


Other varieties of this rock, which is very generally used for marling the fields, 
exhibit a strong reaction of chlorine. 

Mjiyer has also analysed a Trigonodus dolomite from Hiifingen in tiie Baden Black 
Forest, used for the preparation of hydraulic mortar : 

CaCeP MgCO* Fe»0=* Al’O* Clay ^ 

46*35 28*35 1*70 2*45 19*60 = 98-45 

In other localities, Franconia, for example, this rock is developed as a very pure 
limestone. 

See Copper Arsenides i2nd Sup^pl, 388). 

XHriL&nc. An explosive material consisting of nitrated sawdust saturated with 
nitroglycerin. * 

HVI^Xill'VXTB* A new mineral from Budleyville and the Gullakaneo Mine in 
North Carolina, formed by the transformation of margarite, which occurs in its im- 
mediate neighbourhood. Colour bronze- to brown-yellow. Analysis gave 

« Lobs by 

SiO* A1»0» Pe»0» FcO MgO Na-O K*0 Li»0 ignition 

32-42 28-J2 4*99 1*72 16-87 1*62 0*66 0*19 13*43 =* 100*12 

^F. A. Q-enth, Jahrb, f, Chem, 1873, 1155). 

BVmMnrO’S'BXTlI (li. 347). R. W. E. M^ivor {Chem, Mws, xxx. 103) has 
published an analysis of Swiss dufrenoysito, agreeing vSry nearly with that previously 
made by Stockar-Escher (ii. 347), and therefore corrol^prating the identity in chemical 
composition of monometric dufrenoysite and frimetric or rhombic enargite. 

a. Direct results of Macivor’s analysis : b. Analytical values after reduction of Ag 
to Cu : c*. Calculated composition of enargite, Ca'*ABS' or 3Cu*S.As‘-S*. 

* ' ' Cu 4g As 3 

a (fotiud) . . . 46-05 2 43 18-79 32-46 = 99 73 

b (corrected) . . 4>-48 — 18-79 32-46 = 98 73 

• 6* (calculated) - 48-29 — 19'10*» 32-61 = 100 

A dufrenoysite fiS>m the Binnenthal (vom Rath’s binnite) with numerous faces, . 
been delcribed by Hesseuberg {Jahrh. f, Min, 1875, 646). It exhibits a rhomliic 
character by distortion, and if all its faces were developed, would have 170. The faces 
404, 10010, and 40 are described us new. It occurs in assCciation with blende and 
galezta. 1 

OUILOAIW ABXlf ■ This nanfe ^aa given by Wittsteiil to a nitrogenous substance 
which he obtained from the sUilks of Solanum dulvamara (ii. 346). This siibstauco 
has been further examined bjj E. Geissler {Aroh. Pha rm [3J. vii. 289), who, by treating 
it with ammonia, has freed it from a nitrogenous impurity, and by converting the 
remaining substance into a lead cemponnd, and decomposing the latter with hydrogen 
sulphide, has obtained a pure non-azotised body having the composition C**H*^0*® 
This dulcamarinis amorphous, tastes bitter at first, afterwards persistently sweet ; 
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dissolres in alcohol and acetic ether; and ie precipitated by baaic lead acetatei yielding ^ 
the compounds 0»H«PbO»® + 3H*0 and C**H”PbO“ + 

By uie action of dilute acids* dulcamarin is resolved intd glucose and a reeinous 
compound called dulcamara ting 

C«H**0*» + 2H*0 *» ^ 

l>VSjmrGXTB« This fiuoamnate of aluminfum and sodiumf first recognised as 
a distmet species by Brush (2nd SuppL 442)* is fougd, together with topas* in . tSe 
stanniferous sands near Duran^ in Mexico, forming small isolated brittle crystals, 
nearly as haid as apatite, having a conchoi'dal fracture and orange-red oolotv,^ and 
yielding a yellow powder. The crystals are monoclinie, most frequontlgr exhibiting 
the combinations ooP . + P ; ooP , +iP; a>P . ooP«o . +P. iPj «na 
ooP . +P . —^P. Besides these, Descloizeauginas observed a clinodome, 2£oo, and 
the dinopinacoid oopao ; the basd! face OP has not been observed. Angle, 
ooPi« 110® 10' ; +P=ill2®10'. Cleavage moderately distinct* prismatic* Hardness 
— 6, Sp. gp. —3*96-4*03. Colour, light reddish yellow. Lustre, strongly vitreous. 
The plane of the optic axes is perpendicular to the plane of symmetry. The first 
bisectrix of the optic axes is negative* and the angle between these axes is too large to 
allow both the ring-systems to be seen at once in air. In oil this angle is about 80® 63' 
for red* aifd SO® 49' for yellow rays ; so that 'there is a slight dispersion p<if. Thin 
laminae exhibit the horizontal dispersion characteristic of the monoclinic system. 

In chemical composition, durangito exhibits some analogy to amblygonite* but the 
latter is triclinic, and dififers alto^ther from durangito in optical and physical charac- 
ters (Descloizeaux, Ann. Chim. [6], 401). 

Brush (SUl. «7. [3], xi. 464) has ansilysea some crystals of durangito* darker in colour 
than those which he previously' oxamine<l* with the following results : 

As“0* A1*0' Pti’O’ Mii*0* Na*0 Li^O F 

^ 63-11 17*19 9-23 2 08 13 06 0'66 7"67 - rt)2*90 

The mineral is therefore analogous in composition to amblygonite, which* however, is 
triclinic, and exhibits totally different optical characters (2nd SuppL 072). 

On the mode of occurrence of durangito, see H. Hanks (Jahrb. /. Afin, 1877t 203 ; 
Qhem. Soc. J. 1877, i. 719). ,, f 

BITBUTB, This hydrocarbon, originally obtained by the action of 

sodium and methyl iodide on monobromotrimothylbenzene (bromopseudocumeno) (Isi 
Suppl. 828), may also be prepared by the acfibn of methyl iodide tM sodium on 
dibromodimothylben zene (from commercial xylene) diluted with benzene^ ^ 

C^H^BrXCH*)^ + 2CH»1 + Na« - 2NaBp + 2Nar + C«H»(CH»)*. 

The reaction takes place easily at the heat of the water-bath, yielding crystalHsable 
durene, together with liquid trimothylboDzene (Janimsch,. Che?H. Gea. Per, vii. 
692; X. 1364). 

SinUTB. A resin occurring in the form of a small layer from 25 to* 75 mm. 
thick, on the lignite of Dux in Bohemia. It is opaque, dark brown* and melts at 
240®. Sp.gr. — 1'133. An analysis by Fischer gave, l^ides 2*72 per cent, water 

and 1*94 ash — • 

c II 8 -O 

78 26 8 14* 0*42 1319 - 100» 

(C. Doelter, VerK geol. Eeichsa7Uii, 1874, 

»*n-sTtnm, or co&ovmnra ucattbm, oboawio (O.^. Witt, 

Deut. Chem. Ges. Ber. ix. 522). All artificial organic dye-stuffs, and likewise those 
of natural origin — so far, at least, as their constitution is known — appear to belong to 
th^romatic group, and their tinctorial pou^r may bo««hown to depend upon certain 
reStions between the radiclea*of which they are made up. To understand these 
relations* it is best to consider, in the fint instance, the dye-stuffs of Amplest constitu- 
tiOiBUiiz. those formed by substitution in a single benzene-molecule. « 

Benzene itself is not a dyo-stuff : consequently the tinctorial power of its derivatives 
must depend upon the substituted radicles or lateral chains ; and a comparison of 
these derivatives will show ;"l. That tinctoi^ power is not possessed by any mono- 
derivative of benzene, or by any di -derivative in which the same radicle is twice 
repeated ; and, in fact, that the only di-dcrivativ6s fjossessing this |)owcr are the 

nitranilines and the nitrophoifols * *^h{ifc is to say, those 

which contain a nitro-groi^, NO®, associated with a salt-formlnj^ group* either 
busy Ions, (NH*), or acid, C^H). That this associatioi^ is the c^ssoritial comlitiott of 
tinctorial power is shown by the fact that* if the amidogen group be deprived of its 
l^icity acetylation (subsUtutioa of U*H*0 for H), or the hydroxyl -group of Us 
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acidity by xnethyladon (flubstitiition of CH* for H)» the tinctorial character ii 
destroyed ; the niteo-acetanilidee and nitromethyl-phenols, or nitranisoU, are in fac( 
colonrless bodies. _ 

The body whose presence, in oonjun(M|on with a salt-forminc group, determines 
the possession of tinctorial power, may be conveniently called acnromophore, and 
the compound which requires only presence of a f alt-forming group to convert it 
in^ a dye-stuff maybe called a chromogen (thus NO® is the chromophore of 
nitraniline and nitrophenol, and nitrobenzene is their chxomngen) ; and the law above 
mentioned may be stated a« follows : 

I. The tinctorial power of aromatic bodies is determined by the simultaneous pre- 
sence of a chfomophore and a salt-forming group. 

This law bolds good likewise in aromatic bodies containing two benzene-rings in 
their molecules. For example, azobenzroe, C®H®— N=:N — 0®H®, which is a compound 
of deep yellow colour, and benzidine or diamido-dipbenyl, H®N — 0*H* — C*H^ — NH®, 
w'hich is a stroxig base, are not dye-stuffs ; but, by uniting the properties of the two, 
or introducing into the combination both the chromophore, — NrrN — , and the salt- 
forming group NH®, we obtain a series of splendid dye-stuffs such as amidazoben- 
zene, and oxyazobenzene, (C®H®.OH)®N®. Triamidazobenzene, 

C®H’'(NH*)® — G®H^{NH®), is the chief constituent of the splendid dye known 
as Manchester Brown, another constituent of which is a basic substance whose consti- 
tion is most probably represented by the formula : 



The corresponding oxy-compound, C®H‘[N=jB'.C®H®(OH)*]®, which is an acid body, is 
also a brown of very similar colour. 

A further example of the law above stated is afforded by Meyer’s azonitromethyl- 
pheuyl, — NzziN — CH®(NO®), which is derived from the acid compound, uiUo- 

methaue, and is a strong yellow dye, whereas azonitrobenzene, C*H® — N=N — C®H\N(P), 
which is neutral, has no tinctorial power. 

The colouring matters derived from azobenzene afford evidence of the following 
law, which is likewise observed, though in a less marked degree, in aromatic bodies 
containing rtie benzene- nucleus. • * 

II. The colour-producing influence of a chromophore is exhibited in the saline 
derivatives of the resulting dye-stuffs, in a higher degree than in those compounds 
themselves in the free state. * ® 


Nitraniline, nitrophenol, and picric acid, in the pure state, are compounds of a 
somewhat pale yellow colour, but their salts are dark orange-coloured or oven red 
(r.p. those of the chloronitrophonols) ^ again amidazobenzene and oxyazobenzene are 
yellow, but form saline solutions of a splendid purple or orange colour. 

All the dye-stuffs above mentioned contain nitrogenous chromophores ; but in the 
coloured derivatives of anthraquiuone the chromophore is a group containing carbon. 

i^nthraqulnone, is not a dye-stuff, but alizarin, its dibydroxyl-deri- 

Tativo, C!“H<<®^C*H“(OH)“, possesses great tinctorial power. Here the group 

CO, which enters twice, is the ^shromophore of alizarin, and it performs the same 
function in the analogous compound diamidanthrif(|uinone, 

These bodies lose their tinctorial properties on acqjtylatlon, conforming therein to Law I. 
If, on the other hand, wo exalt the salt-forining power of alizarin, as by the intro- 
duction of ft secvDnd OH-group, or of NO* or NH*, the tinctorial power is likewise 
increased. Purpurin dyes much more easily than alizarin ; so likewise do nitro- and 
'^jnido-alizarin. » 

Alizarin also furnishes another jllustration of the second law above stated, being 
of a pale orange c^our in the free state or in solution, but forming salts which are 
dark blue-violet and red in solution, blackish with metallic lustre in the solid sta^fi^,. - 
Of ^he numerous isomeridos of alizarin, two only are dye-stuffs, viz, quiniz^n 
and purpuroxanthin (pp. 102, 103); whence it appears that the dioxyanthraquinones 
which are capable of acting as dye-stuffs are those whicl#* have at least one of their 
hydroxyl-groups in the ortho-^wsition with respect to the kotonic groups. 
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Ab a fact haTing some analogy to this, it may be noticed that orifAo*toIuidiue plays 
an essential part in the fbrniation of rosaniline. 

Flvareac^n, and Eoain, C»H*Br«0»K*.— -The constitutional formula of 

fluorescein is ; . v 

. Its chromogen is not actually Ifnoim, but would doubtless be a colourless body 
represented by the formula C"H\CO — C*H‘*)*0. Its chromophore, like that of 
anthraquinone, is double, consisting on the one hand of oxygen, and on ^e other of 
the bivalent i^ide phthalyl, C*H*(CO)*^. Phthalyl alone is not a cftromophoro ; 
phenol-phthalein indeed, though red in alcoholic solution, is not capable of ayeing 
silk. Fluorescein is a fine yellow d^e, but #ery unstable, being, in fact, of very 
feeble acid character ; but when its acid properties are intensified, as by tlie introduc* 
tion of a nitro*group or of halogens, true dye^stufifs are obtained, amongst which the 
brominated derivatives, viz. the phthaleins and eosin, are especially distinguished by 
^e purity of their colours. This exaltation of the tinctorial power with an increase 
in the s^t-forming properties in tlie compounds just considered, and, as already 
observed, in the nitrodiphenylamines and the derivatives of anthraquinone, leads to 
the following general law : 

III. Of two similarly constituted dye-stufls. that one whose salts are the more 
stable will have the greater tinctorial power. 

Most colouring matters owe their basicity or acidity to the presence of an amido- 
gen or hydroxyl group, whence it follows 4hat each chromogen is capable of yielding 
two dye^stufifs. Nearly all dye-stufis may indeed be anatigod in pairs, the iudividuais 
of which always exhibit the same colour ; thus : 

Amidazobenzene ) _ Tetramidotetrazotriphenyl ( 

Qxyazobenzene Tetiioxytotrazobriphenyl ^ r* 

my as prodaoad by ttae Aatlon of Mitrous aotd on tbe Aromatic Osy- 
compoiiiidc. Xiobermann {DeuL Chem. Ges, Bcr. vii. 247), by treating phenol with 
strong sulphuric acid containing nitrous acid, obtained a colouring matt$, which was 
afterwards shown by Baeyer a. Caro 963), to be identical with that which they 

obtained by the action of sulphuric acid on nitrosopbenol {2nd 911). Baeyer a. 

CiiTo assign to this compound the formula C'®H’*NO*=»N^^O*H^OH)., Liebermann, on 

NOH 

the other band, by the analysis of this compound, has obtained numbers lotuling to the 
formula C‘*H'*NO* ; he has also examined the products obtained in like manlier from 
thymol and from orcin, and finds that the reliction in each case takes place in the same 
way, 3 mols. of the phenolic compound being always concerned in it. Those dyes 
cannot be obtained in the crystalline state, and therefore, in orfler to obtain pure pro- 
ducts, great care must be taken as to the quantities of acting siibstancoH employed, 
the temperature of the reaction, ^cT, and it ik best to operate only oh small quantities 
at a tinm. With some practice it is pc^sible to judge with sufficient accuracy of the 
purity of the products from the colour of the alkaline solutio^. used 

for the preparation was in every case a mixture of pure sulphtunc acid wiCh 9 per cent, 
of potassium nitrite. 

Pt/B from Phenol . — To prepare this dj-e, 6 grams of phenol are mixed with an 
equal volume of sulphuric aci^tho mixture being cooled, to avoid the formation of 
^enolsulphonic acid ; and 20 grams of the reagent above mentionedsare then added ; 
llrrtMnpnrtitT'' during this operation should bo allowed to rise to 40*^-C0'^, but^not 
higher. The mixture becomes first brown, and then blue at the last stage, and 
slight evolution of gas takes place. On cooling, tlie solution is poured into a large 
quantity of cold water, and tife precipitate filtered off and dried. 

The dye consists of a brown powder, easily soluble in alcohol, and giving wdth 
alkalis a deep blue solution. ' * • • ^ 

The analyses of this body agree witl4 the formula C'»H>*NO», and not with 
as supposed by Baeyer a. Caro. Its formation may be expressed by the 

equation— 80>H*0 + NO»H = C‘'H’‘.VO» ^ 2JVO. 

Orcin — To 10 grams of orcin in 10 grams of sulphuric acid, 40 grams of 
the reagent are gradually added. The solution should become of a fine purple red. 
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It 18 then poured into a largo quantity of water, and the orange^red precipitate 
formed is washed and dissolved in alcohol. After the alcohol has been evaporated off, 
a green mass is left, having the formula ^*H**N^O* : 

3C'H«0« + 2NO*H 1 C«H«N20® + 4H*0. 

This dye is flomologous with ^Veselshy's diazoi^osorcin, which is formed from 
re^brcin thus — 

SG^IT^O* + %SOm = + 4H*0. 

Or. in, treated as al>ove, gives rise in most cases to several colouring matters, which 
are sparingly soluble in alcohol. The least soluble substance gives with alkalis a 
bluish-violet solution, with a brown fluorescence, and contains less nitrogen than the 
preceding body. The orcin dye lately d^sOribed by Weselsky also possesses a different 
composition (see Obcin). 

Thymol Bye . — 10 grams of finely powdered thymol are mixed with 10 grams of 
sulphuric acid, and 30 to 40 grams of the reagent added immediately. The solution 
becomes first green, and then blue. No gas should be evolved. As soon as the reac- 
tion is complete, twice the volume of sulphuric acid should be added, to convert uii- 
attacked thymol into thymol-aulphonic acid, and after standing for some hours, the 
solution is poured into water, as before. * 

The dye consists of a violet-coloured, resinous mass, which gives a violet-red 
solution with alcohol* Its formula is and its formation may be expressed 

thus — 

3C‘»H*^0 + 2NO*H -f 3H«0. 


The formation of these bodies probably takes place in the manner represented by 
the following equations : 

.OH vOH 

(1.) C«HK -I- ‘2CWOH « C«HX .0— C«Hs 

\NO ^N< + H*0 

Nitirospphenol. Phcuol, XQ — C®H* 

Phenol dyo, 

(OH)’ fp„, n 

(2.) C'lJliCH" + 2C“H» = C»H-{ OH» 

. *>uvn 


(OH)* (pTT, — n 

(2.) C’diJCIP + = C«H-( OH“ 


'((NO)'^ 

Pliiltrosorcin. 


.(NO)® 

Dliiotroa6tbymol. 


CH» 

Orcin dye. 

OH 

CH* 

C»H 


+ 2H*0 


(3.)' + 2C)«H«-Cp^ «. C«H + H®0 


^O 

« Thymol dye. 


SiUpliuretted Byes of CrolMant and Bretonnldre. These dyes, known in 
France as * Grands Teints/ are produced by fhe action of certain sulphides, or of 
sulphur ahd ax alkali, at various temperatures, upon almost all organic substances, 
including all kinds of sawdust, bran, cotton-waste, various organic acids, dmgon’s 
blood, gum-Tosins, &c. They are soluble ^n water, and adhere to the fibre without a 
mordant ; nevertheless, for reasons to be presently mentioned, they are generally 
fixed with pota^ium dichromate. They are chenpef^ to produce than the aniline 
colours, in combination with which and with other dyes they yield very beautiM 
shades of brown, yellow, grey, lilac, and violet, and a colour very nearly approAGtiing 
to black. 

These dye-stuffs are obtained in the shape of bulky, imorc or less dark-coloured 
masses, according to the height of the temperature used in their prepamtion and its 
longer or shorter duration. Increase of tempcratui'o, within the limits of 200^-300^, 
and its duration, increase the solubility and tno beauty of the product obtained, and its 
capacity of resisting the action of light. The dyes are all very hygroscopic, and must 
therefore be preserved in well-closed metal boxes, or they would become oxidised and 
completely damaged, an insojjible substance being produced ; after four or five 
monks’ exposure they become quite insoluble and useless. It is important, then*foro, 
to use the dye -hath as fresh as possible and to exhaust its contents before leaving it. 
In a fireshly prepared bath the dissolved colouring matter has such an attraction for 
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the vegetable and animal fibre that the colour may bo enticely vrithdcawn ■ after 
sufitlciont time has elapsed, and a colourle^ solution left. 

In making an ^ueons solution of the colouring matter, the water used should be 
free from lime, which forms docculont and anbost insoluble precipitates with the dis- 
solved^ colour. Water containing lime should therefore be boiled '^th soda. The 
colouring matter is precipitated fr6tu its solutions b^ acids, with liberation of carbonic 
afid and sulphuretted hydrogen, .the precipitate easily re-dissolving, however, ij^ 
alkaline solutions. Alum and the metallic salts also ai^l as precipitants ; but the most 
importwt of them for dyeing piurposes is potassium bichromate, which also acts as 
an oxidising agent, and the precipitates which it gives rise to, with few axceptions, 
are unaffected by most solvents, even boiling caustic leys, so that this salt serves as 
au important agent for fixing the colour on yasB or cloth. The colours so fixed are 
also proof against acids, so that ink-spots may be removed from the dyed fabrics by 
oxalic acid solution of 1 pt. in 4 pts. of water without iiyury to the colours. Chlorine 
and hypochlorous acid destroy the colours very quickly. For silk and woollens it is 
recommended either to partly neutralise the bath with acetic acid, or entirely to pre- 
cipitate the colouring matter means of an acid, wash the precipitate, dissolve the 
latter in ammonia, and dye with the resulting ammoniacal solution {Chem. News, 
XXX. 170 ; JHngl. pot. J. ccxv. 263 ; Chem* Soc. Jour, 1876, i. 458). 

On the Dyes produced by the action of Sulphur on Aromatic DiamitmSf see 

PUKNYI^BNX-DIAMINBS. 

Decoloration of Indigo- solution and other Vegetable Dyee by various SulphuV'^om^ 
pounds. — The bleaching of indigo-aolutlom by sulphur-compounds, more particularly 
hyposulphurous acid, H-SO*, and the hydro^n persulphides (H*S* and H*S*h is 
generally attributed to the reduction of indigo-blue to indigo-white, a view which 
derives support from the circumstance that when the bleached solution is shaken 
with air the blue colour is restored. According to E. Schaer, however {Dettt, Chem. 
Ges. ^er. ix. 340), the bleaching is more probably due to the formation of molecular 
combinations of the sulphur-compounds with Indigo, whereby the 4 »lour of the latter 
is masked. For a solution of indigo bleached by hyposulphurous aefd is turned blue 
not only by atmospheric oxygen and all oxidising agents, but also by several reducing 
a^nts, especially hydrogen sulphide ; and a scfiution bleached by hydrogen persul* 
phide is turned blue by treatment with gaseous sulphur dioxide or its aqueous smution, 
as well as by oxidising substances ; — facts whicl^ admit of easy explanation on the 
supposition that hydrogen sulphide in this cose itets upon hyposulphurouj^acid in the 
same way as upon sulxmurous acid, and that hydrogen persulphide behaves like hydro* 
gen sulphide towards sulphur dioxide. 

According to this explanation, indigo and other vegetable dyes bleached by hypo- 
sulphurous acid or hydrogen persulphide would be restored to their original colours 
by treatment with any substance which decomposes these sulphur-compounds, and 
thus sets free the colouring matters. ^ 

Testing of Sye-otafOi. The following systematic method is given by F. Fol 
(JHmU pol. J. ccxii, 620) ; 

&n£S. — Solution of citric acid oj* dilute hydrochloric acid is added. 

(a.) Colour changes to red or orange : Logwood blue. 

(6.) Colour does not change. « ^ ♦ 

Another part is treated with calcium chloride solution. 

(a.) Colour remains unchanged : PruMeian blue, 

(5.) Colour changes. 

Another part is treated with caustic soda. ^ 

(a.) The substance is decolorised: Aniline jtlue. 

(5.) It remains unchanged : Indigo blue. » 

Yellows. — A portion is tested for ferric oxide by means of potassium ferrocyanide ; 
another part is tested for picric acid by means of potassium cyanide V>lutioD. The 
prad^Mian of a blood -red colour indicates picric acia. ^ 

If the colours do not appear, another portion is treated with a boiling soap-solution 
(1 part of soap in 200 of wate^. 

(ff.) The colour changes to brown, but becomes yellow again with ai* acid ; 

Turmeric. . • • v 

(5.) The colour becomes very dark : Fustic. 

(c.) The colour remains unenanged : fVelA JWsian berries or Quercitriu. 

Another portion is boiled with stannous chlorido. 

(a.) The colour remains unchanged ; Quercitrin. 

(5.) The colour chuhges to orange : Pernan berries. • 

If annaito is the colouring matter present, the colour changes to greenish blue on 
boiling in concentrated sulphuric acid. 
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Beds. — The substance is treated with boiling soap-solution. 

(a.) The colour is totally discharged : Saffron carmine, 

(5.) The colour is sKghtly discharge^; Aniline red, 

(<r.) The colour changes to yellowish^ed or yellow : Brazil wood or Cochineal, 

' A part of thr substance is treated with concentrated sulphuric acid. 

(1.1 A cherry-red colour i^ produced ; BraStl wood, 

* (2.) A yellowish orange colour is produced : Cochineal. 

{d,) The colour remains uncnanged : Madder red. This colour is not discharged 
by ammonium chloride, or by a mixture of eijual parts of stannous chloride, 
hydrochloric acid, and water. 

Greens. — T hose colours may consist of a mixture of blues and yellows, or of such 
substances as aniline green. ^ 

The substance is heated in a water-bath with alcohol of 95 per cent- 

(I.) The alcohol is coloured yellow, while the substance becomes more and more 
blue : Indigo or Priiseian bine is present. The residue is washed and tested for these 
blues, as already directed. The alcoholic liquid is tested for yellows, as above. 

(II.) The alcohol is coloured green, while the substance becomes less coloured : 
Aniline green or a mixture of Aniline blue with yellow is present. ‘ 

A part of the substance is boiled with dilute hydrochloric acid. 

(a.) The liquid is coloured blue or lilac : Aniline green from methyl iodide is 
present. 

(5.) The substance is decolorised : Anil^ grem from aldehyde. 

(c.) The substance is coloured blue, while the liquid becomes yellow : Aniline blue 
mixed with yellow. 

Violets. — The substance is boiled in calcium chloride solution. 

(a.) lo is unchanged : Alcanna violet. 

(5.) It is coloured nanqueen yellow : Madder violet. 

(<?.) It is decolorised : Cochineal violet. 

Another portioh is boiled in citric acid ; the colour is lightened : Aniline violet. 

To distinguish between the two aniline violets, a third part is boiled in hydro- 
chloric acid, which is diluted with thrde times its volume of water. After washing 
appears bluo-violet if ordinary aniline violet is the colour, while if Hofmann's violet 
is present, the substance appears greenish, and after washing light lilac or bluish. 

On the bl^haviour of dyo-stulfs wifli various reagents, see also Bibarow {Monitenr 
6cientijique [3], iv. 600; Chem. Centr, 1874, 700, 717). 

Use of Sodium Hypoaulphitry Na^SO*, in examining the Coloiiriny-matters of Dyed 
FaJbrica. — Cloth dyed with litmus is bleached instantaneously by this reagent, even in 
the cold ; cloth dyed with Brazil-wood is bleached after a very short time. A cloth 
which had been dyed with indigo over another colour, was found, after digestion for 
some tirie with hyposulphite, to exhibit the under colour only. The reaction is 
facilitated by rendering the liquor alkaline with potash or soda and by heating, but 
not to boiling. The rapid oxidation of the hyposulphite renders it of but little 
value in determining the umoiint of litmus in the commercial substance or in tinctures 
(Scurati-Maiizoiii, Gaz::. chim. Hal. vi. 318). 

Testing of the Fastness of Dyes on Coloured fabrics. — Red dyes should not colour 
soap-water or lime-water when boiled there\^th, and the fabrics themselves should 
not be altered in colour by this treatment. The occurrence of these negative results 
shows tl7e absence of Brazil-wood, archil, aafftower, sandal-wood, and tar-colours. 
The only fast yellow dye is madder yellow. On boiling stufTa dyed with it with water, 
alcohol, and lime-water in supcossion, n^ colouring is withdrawn from the material 
and the liquid remains colourless. Fast blue dyes should not give up any colouring 
matter when boiled with alcohol or warmed with a mixture of hydrochloric acid and 
water or alcohol. Violet dyes are unstable if thoj’ give up their colour in aTix,^n- 
siderablo degree when boiled with weak spirit (equal parts of water and ordinary 
spirit of wine), and left to stand for ton to fifteen minutes, or if, on boiling with 
dilute hydrochloric acid, they change in colour to browD or brown-red. and impart a 
red colour to the liquid. Orange dyes should not be dissolved out by boiling water 
or warm alcohol. Orooii dyet boiled with alcohol should not colour it either blue, 
green, or yellow ; and hydrochloric aci^ heated with green -dyed stiilTs should not 
acquire either a rod or a blue colour. Brown dyes are unstable when they give up 
red colour on boiling wdth water, or yellow on being left in contact with alcohol. If 
a black stuff, when boiled wi(^ hytliwchloric acid and water, colours the liquid only 
yellow, the black is fast (tannin-black). If the colour of a fresh sample changes to 
brown on boiling with sodium carbonate, nothing but tanntn-bli^k is present ; but if 
the stuff thus treated remains black or turns blue, there is a basis of indigo under the 
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^rue tannui-black. ^ If the black stuff, on being boiled with water and hydrochloric 
acid, colours the liquid red, and is itself at the same time turned brown, the dye is 
logwood, without a basis of indigo, and is qmte unstable : if, however, the stuff when 
thus treated turns blue and the liquid rJi, there is a basis of indigo under the 
logwood, and the dye has a certain degree of stability (W. Stein, poL J. ccx, 

216). • # 

• ^ 

ITae of Bpaom Salta and Solphnroua dLcld^ln Byeing. It has been long 
remarked that woollen goods dyed with aniline colours, and treated with Epsom salts, 
stand the action of soap and soda, and the dressing process generally^ letter than 
those which have not been so treated, or treated with any other substance. 
Beimann advises the use of Epsom salt in yarus to be dyed violet. The magnesium 
salt is then decomposed by the action of soda, ^th separation of insoluble magnesium 
compounds, which exert no action upon tlio colouring matter ; any alteration in the 
colour by the alkali is thus prevented. 

All woollen-dyers are agreed that in dyeing with metliyl- and dahlia-violet, the 
use of sulphurous acid is found ver^ advantageous ; the brightness and clearness of 
the tint being thereby considerably increased (iHngl. pol, J, ccx. 316). 

On the Dyeing of Straw, Hair, Felt, and Feathers, see DingLpol. J, ccviii. 156, 
239, 318; f. Chem, 1872, 1074 ; 1873, 1127; of Caout^ouc, DingL ccx. 

315; Jahresh, 1873, 1127. On the production of Brocade colours on carpets, gypsum, 
glass, &c., see Di^tgl, pol. J. cevii. 259 ; ccviii. 159 ; Jahreab. 1873, 1126. 

The following nie|hods of analysing dynamite are given by 
Champion a. Pellet {Moniietir Scienlijigw [3], iii. 1036). 1. If the dynamite consists 

of a mixture of nitroglycerin with silica or other inert matoiials, 30 grms. of it are 
treated with ether, and the extract is evaporated at a gentle heat on a water-bath till 
the^eight of the residual nitroglycerin becomes constant. 2. Dynamites \frith active 
base usually consist of mixtures of nitroglycerin with sodium nitrate, coal-dust, 
resin, and ferric oxide, which decompose during the explosion, yielding gaseous 
products which increase the explosive power. These are first treated with ether, 
which dissolves the resin and the nitroglycerin ; the ethereal solution is then evap- 
orated ; the residue weighed and redissolved /li other; and then the liquid is pour^ 
into a boiling solution of sodium carbonate, which dissolves the rosin and precipitates 
the nitroglycerin. The resin is precipitated froip the alkaline solution by hydrochloric 
acid, then collected on dried and weighed filtors, and weighed. In th^ residue left 
after exhaustion of the dynamite with ether, the sodium nitrate is determined by 
extraction with water, and the carbonaceous matter and rnrric oxide by ignition. 

Another method, given by the .same authors {Htdl. Soc. Chim. [2], xix. 496), fop 
the estimation of nitroglycerin in dynamite, is to exhaust the substj^nce^ with wood- 
spirit, and evaporate to a constant weight. If the dynamite contains resin, saltpetre, 
&c., it is treated with hot water, whereby the nitrates are dissolved, and the resins 
separated on the surface of the water. The nitroglycerin is then separated* from the 
insoluble matters with wood-spirit as above. 

On the Conditions of Explosion of Dynamite, see Explosivks. 

A description of the arrangements and mode of working in Nohors Dynamite 
factory at Lauenburg is given in yio BerichU der dttaUchen ChemMcken GeaelUchaft^ 
1876, 1800; shortly also ir the Kfahrcsh.f. VJiemie^ 1876, 1107. 

BTrazOTB. An alloy of copper, 62*30 per cent., lead, 1775, tin, 10 42, and xinc, 
9*20, with traces of iron, used in Germany for the axlo-bods of machinery. It may 
be prepared by fusing together 62 pts. copper, 18 le:id, 10 tin, and 10 zinc. It is not 
quite homogeneous (Uhlenhuth, Dingl. pw.^T. eexv. SJT). 

HTsOBZB. This carbdfiaceoiis mineral, originally found at Melilli in Sicily 
Jii^gO), occurs also in the Ries district of Bavaria, where also brovfti coal is found in 
stial^at a depth of 8 to 9 meters, in a bluish-grey loam. Dysodil occurs ut the 
same depth as the brown coal, but only in thin strata or layers, in the form of black 
parchment-like leaves, which become brown on being dried. These leaves are united 
^gether by interpolated loam, which thus causes the layers to have a thickness of 
several centimeters. From. these layers extremely thin leaves of dysodil can be 
separated by means of a knife, but it is impossible to free them entirely from adhering 
loam : for, if the dry mineral is scraped witn a knife, dysodil and clay come off together, 
and if washing the substance is attempted, the loam behaves like fuller’s earth. 8p. 
gr. about 1'458. I^xamined under the micrpecope.^it exhibits a uniform, finely 
undulating, gritty structure, in which few crystals are discovered. The hompge&eons 
ground-mass in which they are found seldom exhibits any signs of organie stmetnre. 
The crys'tals are tabular, not attacked by acetic or hydrochloric acid, but are rounded 
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off hy ether. The action of ether never goes beyond this point, even if the dysodil 
has been exposed to it for several days, and only partial solution occurs. 

I^sodil is characterised by burning ^sily vdth a brightly luminous flame, giving 
off a disagreeable odour much like ^at of burning caoutchouc. If cut into 
thin strips and rfreed from clay it burns like a wax taper, with a very sooty flame. 
On submitting the air-dried dysAiil to destructive** distillation, water comes over at 
60®, and is eventually completely driven out. At '170® and above it evolves a large 
amount of illuminating gas, which contains 2 X)©r cent, of carbonic acid and a trace of 
sulphuretted hydrogen. The smell of this gas and also that of the tar coming over 
at 220®-260® recalls that of allyl. The tap runs out in deep yellow drops. The 
reaction of the products of distillation of the gas- water and of the oil is decidedly 
alkaline, whence it differs from the products of the destructive distillation of brown 
coal, which are acid. Dysodil coke still retains the parchment-like appearance of the 
original substance ; it is black, and gives off a further amount of illuminating gas 
when ignited in a platinum crucible, leaving eventually a reddish-grey ash. 100 parts 
of crude dysodil dried at 100® consist of : — 

Ash* C H N S O 

69*464 10-353 3*82 0-180 0 601 5’843 0*73 100. 

Deducting the ash, we get the true composition of dysodil, namely : 

o H N a o H*o 

63*39 12*51 0-62 1*96 19*13 2*39 = 100*00 

(Fricklinger, Jahrh,/. Min. 1875, 760). also Church News, xxxiv. 155). 
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llARTB-iXraTAXiS. From a comparison of the composition of the selenites 
of glucinum, cerium, didymium, lanthanum, yttrium, erbium, and thorinum -with that 
of the selenites of well-^o'wn metals such as magnesium, nickel, cobalt, copx>er, zinc, 
manganese, aluminium, iron, and chromium, E, Nilson [Dent, Chem, Ges, Ber. viii. 
656) infers that <glucinam is analogous to the metals of the magnesium group, that is 
to say, it is bivalent ; that erbium, yttrium, and the cerite metals are analogous to 
aluminium, trivalent, whilst thorinum occupies a place by itself, having no apparent 
relation either to the other metals of the rarer earths or to tin or zireonium. See 
further Nilson {Ber. ix. 1142; Chem. Soc. Jmtr. 3 877, i. 49; also Cbbite Metals 
(p. 418), and Erbium (p. 736 of this volume). c 

On the Compounds of the Chlorides of the Earth-metals with Mercuric Cyanide, 
see Otamides (p. i610), — On 6lher Compounds oT the Earth-metals, see Sbleritbs, 
Cerite Metals (pp. 418-425), and Erbium in this volume. 

See Rrsixs, Fossil. 

Becuction with Cellulose, — According to A. Muller 
{J. pr, Chem. Ixxxiii. 384^, baryta is precipitated from its aqueous solution in some- 
what considerable quantity by'^filter-paper; and H. Weiske finds that strontia and 
lime are precipitated by filter-paper in the same manned : hence in quantitative deter- 
minations the afkaline solutions of these bodies should not be filtered 
Ver89ehs.^8tati<men, xix. 155). 

SAJtTRBf BATA8&B. Earth-eating is known ^to be practised by various 
races of people in different countries. In Spain, there is the oucaro ; in Thuringia, 
the hewrre de roche ; in Russia, the farine de roche, or farine cileste ; in Hindostan, 
the so-called ; on the'lsland of Java, a species of earth called teneampa, 

and others, au of which are made use of tby the inhabitants as food. At the general 
meeting of the Hungarian Pharmaceutical Society, in 1876, a note was read by 
J. Molvar, on a specif^s of earth used as food by the poorer classes of the Nei 
district in Hungai^ in times oP famine. The following results show the analy 


• ceco*, Al*0» and SiO*. 
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this earth: — Carbonic acid. 40*367; lime, 61*488; magnesia, 0*11 ; volatile matter, 
6*546; ferrous oxide, 0*158 ; alumina, 2*272. The volatile matter, which is the 
probable source of nourishment, was found t<ysontain, besides empyreumatie substances, 
0*067 water, and 0*010 nitrogen. J, Brix (felem. Centr, 1876, 642). 

0. Schmidt {Ann, Ch, Phya. [41, xxvi. 636) has examin^ two edible earths, one 
from XAp^nd, the other from Srl^hern Persia. • 

The j^pland earth came fro* the village of Pono'i, 67® 6' N., 42® 12' E. It isla 
light white powder, resembling talc, used in Lapldbd for mixing with dough for 
bread. A b^ of it 2 or 3 feet thick, exists under the sand and clay of the river 
Atsche It consists essentially of finely divided potassium silicate, appearing, 

when magnified 200-300 times, in white non-crystalline scales, but little attacked by 
hydrochlonc or sulphuric acid. It contains in^OO parts, aliunina, 40*797 ; potassium, 
45*606 ; silica, 9*846 ; water driven ofiT at 100°, 0*260; water removed at a low red 
heat, 0*836. It is probable that this so-called edible earth plays only a passive part 
in alimentation. 

The second specimen of earth, from Kirman, in Southern Persia, is kiiown under 
the name of G'hel i O'iveh^ and occurs in white and ^prey lumps, soluble with strohg 
effervescence in dilute nitric and hydrochloric and in warm acetic acid, leaving a 
slight residue of silica. It contains in 100 parts. CO* 46*723, MgO 32*722, ObiO 
13*236, NaCl 3*642, water at 120° 1*658, hygroscopic moisture, 1*422. Schmidt 
regards this earth as a purely mechanical mixture of magnesium and calcium 
carbonates, with n little magnesium hydrate, acting on the system in the same way 
as 'inagneaia alba. It is in great part soluble in carbonic acid water. 

aaUKUOSCOPB. A description of Vidal’s Ebullioscope for determining the 
stren^h of spirituous liquors by their boiling points is given in the Compt, rend, 
Ixxviii. 1470, and in the Jourtial of the Chemical Society, 1874, 1014. , 

llOBO&SVB* See Ergot. 

BOBZOAOBTCBXW, BOBZOBBZO AOZB, and BOBZOBBZW. Constitn 
ents of Pita bark {Echitea acholaria). See p. 08t>. 

• BOBZVOBBBBIATA and TVITZOATA. The mineral constituents of these 
animals have been examined by A. Hilger {Pfluger*a Arckiv, f. Phya. x. 212). The 
bodies of the tunicata (ascidians, &c.), oxhausjM with dilute hydrochloric acid, and 
not incinerated, were found to yield traces of sodium chloride, small *^uanti tics of 
silicic acid, calcium sulphate, and phosphate, and tnices of iron, whilst carbonates of 
the alkaline earths w'oro absent. 

The skeleton or covering of the Echinodertnafa (Holothuria) was found to yield, 
when treated with dilute hydrochloric acid, the following substancos ^ sodium chloride 
and sulphate, calcium sulphate in abundance, calcium carbonate and phosphate, silicic 
acid, magnesium carbonate, and ferric oxide. 

The abundance of sulphate probably plays an important part in ministering to the 
growth of chondrig6i]ou.s substance. 

BOBZBBTZB* BORZTBklZ, and BCBZTZB*. See Pita Bark. 

BCBOBZTB. This rock, occyrring at EibiswalcUin Styria, has been examined 
by J. Mauthner (Jahrh.f. Min. 1873, 323 J. It consists of a granular mixture of 
garnet, omphacite, hornblende, and a sonall quantity of quartz. The garnet encloses 
minerals of various kinds which are grouped round the centre of the czys^Is. The 
following analysis (the first that has been made of an eclogite) is by E.'Lu^ig ; — 

BiO* Al*0» re*(J* lAuO Na*0 K»0 

60*13 14*37 13*02 6*46 12 86 “ 2*36 0*14 * 99*82. 

Three varieties of eclogite ^frora Upper Franconia have been nnalysed by E. v. 

{Li^fa Annalen, ISZ). \ 

I. From Epponreuth, near Hof; containing large garnets of reddish-brown colour, 
beautifully crystallised; also grass-green granules of omphacite, small radiated 
ciystals of disthene, and colourless quartz. Powder white, or &intly red. 8p. 
gr. 8*40. 

II. From Silberbach, near*Conradsrouth. It biCd % fibrous;, radiate appearance, 
due to the predominance of leek-men omphacite, and contained very large garnet*, 
but less dmthene and quartz ^n the preceding specimen. Powder grey. Sp. 
gr, 3*42. 

III. From BCarkt'SchoriWt ; containing a large nuifiber of garnets, and exbibftinff 
black-brown veins of carintoine between large, pale-green crystals of smaragdite, wiw 
a little omphacite and disthene. Powder greyish-green. 8p. gr. 3*48. 
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Analyses of Eclagite, 


Silica . . . . 

* A 

I 

. 57*10 

II 

55*00 

ill 

48*81 

Phosphoric anhydride . 

. traces 

traces 

iraces 

Alumina . 


. lV6fi 

13*54 

16-25 

Ferric oxide 

2-84 

2*74 

6*00 

Ferrous oxido . 


rf*22 

3*37 

7*48 

Manganous oxide . 


0*31 

0*20 

0-43 

Lime .... 


. 13*80 

12 09 

9*72 

Magnesia 


6*37 

10*21 

7*52 

Potash 


0*81 

0*60 

0*46 

Soda .... 


2*21 

210 

2*64 

Water .... 


0*54 

0*32 

012 



98-86 

100*07 

99*43 


The proportion of the garnets to the general substance or ' ground-mass ' of the 
rock is 1 : 3 in the eclogites from Eppenreuth and Silberbach, and 1 ; 1 in that from 
Markt Schorgast. The first two, which contain typical omphacite, hare approximately 
the following mineralo^cal composition : 25 per cent, garnet, 4*5 quartz, disthene, and 
mica, and 70*5 omphacite, whereas in the third, which contains hornblende, the pro- 
portion of garnet rises to 50 per cent. 

On the Eclogite of the Saxon Granulite district, see Dathe (Jahrh. f Min. 1876, 
225, 837 ; Chem Soc. J. 1876, ii. 387, 612).t 

SOCI8. The presence of starch in egg-yolk has been demonstrated by Daroste 
{VierteljahrschHftf, jgraJct. Pharm. xxii. 265). The reaction of the starch with iodine 
is in gena^al much hindered by the presence of the fatty and albuminous constituents 
of the egg, so that it is best to undertake the microscopical examination when the ^x>lk- 
sac has been separated from its contents by the process of hatching. At this stage 
distinct starch gragules may be recogm'sed, not exceeding 0*025 mm. in diameter, and 
frequently turned red instead of blue by iodine. Dareste believes that he has seen 
three or ft ar generations of starcli-gra^nules, which are formed from glucose and rg- 
converted into it. Starch-granules of 0*005 mm. diameter occur also in the semin^ 
ducts of birds, and other animals (not specified), at times dififerent from the breeding 
season, at wk'ch indeed they clisappea.^ wholly or partially. ^ 

Crystals in Eggs. — Some eggs, which were no longer fresh, but yet had not under- 
gone the ordinary putrefactive process, were found to be free from microscopic 
organisms, but to contain groups of minute acicular crystals attached to the membrane 
which lines the shell. These crystals proved to be tyrosine, and the contents of the 
eggs also yielded leucine. These substances were obtained in much larger quantities 
from the merely stale eggs above mentioned than from putrid eggs, and there seems, 
therefore, to have been a transformation of the albumin resembling that which 
Schlitzenberger observed in the insoluble proteic components of beer-yeast, when that 
plant continues to live at its own expense without putrefaction (U. Gayon, J. Pkarm, 
CAtm. [4], xxii. 27). • 

Spontaneous Alteration of. Eggs. — Gayon finds that spontaneous decomposition 
occurring in e^s ts invariably accompanied by th£ presence of microscopic organisms 
(vibrios), whicn he supposes to be introduced through the oviduct during the formation 
of the egg. It has been stated by previous observers that when eggs are shaken so as 
to mix the yellow and white, immediate putrefaction occurs. This, however, according 
to Gayon, is far from general. An intifilate mixture of the yolk and white of egg, 
passed into vessels deprived of ^erms, may be kept for months exposed to pure air at 
a tempernture varying from 20^ to 30^ without undergoing putrefaction ; but if the 
experiment be tiped with an egg containing bacteria of spores of fungi, and these pass 
over into the mixture, putrefaction in the case of the former, and change du^j^g^/^e, 
growth of fungi in the case of the latter, will occur. In these experiments, as In those 
of Pasteur, all conditions favourable to spontaneous generation are present, but still it 
does not occur. The molecular granules which are presfiit, especially in the yolk, do 
not give rise to bacteria. Hence Gayon concludes, in opposition to B4champ, that the 
granules which the latter calk) rnicrozymest have not the power of converting them- 
selves into bacteria or vibrios, any more t|^an into globules of alcoholic yeast. 

The following experiment points to the same results. If during the incubation of 
an egg the development of the embryo be arrested at any period before the exit of the 
chick, and if sudi eggs contai^iing dead embryos be kept for several months at about 
25®, some only of them will be fi)und putrefied, whilst the others will have undergone a 
slow non-putpefSMStive process. Contrary to the hitherto published observations, 
Gayon fineft that the putieftction of the embryos of eggs is always accompanied by the 
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dev^opment of bacteria or Tibrioft analc^us to thoee Ibond in the pntvefhetion of 
ordimixj eg^. He confirms tbe views of prerions obserrem that fungi may develop 
in the interior of eggs and produce special changes. Bacteria and fungi may oo4acist» 
the egg being both putrid and mouldy, b^Jn this case the putrefaction is due tcy 
bacteria and not to fongi. • 

Another change, acid fermentation, has been met with in a few casss. In 
these the eggs exhale an acid non-putrid odour, and contain, not bacteria, but 
spicules varying in breadth from *5 to '7, and in len^fth from fi to lO'thousandths of a 
millimeter. 

Lastly, like all organic matter, may undergo slow oxidation, which does not 
correspond with the development of any microscopic organisms. This is oharaoterised 
by a yellow bint and the presence of numoro^ very fine crystalline needles (Cbmpf, 
rend, Ixxvi. 232; Ixxvii. 214). 

On the decomposition of Eggs, see also W. Thomson (C^em„ Uem, xxx. 159 r 
Chem, Soc.J. 1875, 176). 

Preaerya/ion of Eggs. — According to F. C. Calvert rmd, Ixxvii. 1024), eggSk 

either entire or piorc^ at the end by a fine needle, may be kept for throe monUis 
without cltange in an atmosphere of nitrogen, hydrogen, or carl^nic anhydride. In 
dry oxygen entire eggs undergo no change, but if the gas is moist, the egg becomes 
covered with a white filamentous mould. 

An egg pierced at the end soon d^ocomes putrid, either in dry or in moist 
oxygen, the amount of oxygen consumed, and of carbonic anhydride and nitrogen 
evolved, being much grt>ator in the lattt^c/tee than in the^former. *S<.»e also H. Vohl 
{pent, OfiCin, Gee. Ber. ix, 22 ; Jahr€.*(h, f^hem, 1876, 1133). 

Eggs of JtfptUcs. — The yolk of the egg of the common snake contains n protrifd 
resembling myosin, lecithin and its p^uefs of decomposition, also cholesterin, 
alkn]i>albuminate, fat (8’9 p.c.), phosphates, chlorides and sulphates of tne alkali- 
moilLls. The shell contains carbonate and phosphates of calcium, traces of silica and 
iron, but no manganese ; calcium sulphate is present, and indeed appears to bo a 
general constituent of the Ixxly of the lower animals, as it exists in the outer integu- 
ment of Holothurim, Tunientac {Pyrosoma ind.)^ Salpm, Phallusiee, &o. ^ 

• The shell and yolk also contain an oiggnic substance consisting of C. 54*68, 
H. 7*24, N. 16’37, and O. 21*10, This body is free from sulphur and phosphorus, and 
forms in the dry state u yellowish, horny mivss, i^nsolublo in alcohol, othej^, neotic acid, 
and dilute hydrochloric acid ; with water it sofions and swells up. Tha^ composition 
is similar to tlmt of elastin, from which it difiTers, however, by not being acted U|X>n 
by concentrated caustic potash (Hilger, Dent, Chem. Ciea, Per, vi. 16.'>). 

S (ii. 366). The following three analyses (A-0) of ehlite from Cornwall 
have been published by Church {Chefn. Boo, J, 1873, 118). I) is Uie perceuisge com- 
position calculated from the formula 5CaO.P’-O\8H*0 : 


A (found) 
B M 

C „ 

1) (calc.) 


CaO 

r*o" 

A&HJ* 

Fe*0» 

H*0 

fih. ffr. 

66*29 

20-38 

2*42 

1*42 

8 25 = 98*76 

8*911 

66*84 

23*73 

trace 



9 26 « 09*83 

3-911 

CG88 

23*9(C 

trace 

— 

9 16 « 100 

4-23 

66*98 

23 92 

— 

— 

9*10 =* 100 



‘ * By difference. 


_ A specimen df the fibrous variety of scapolite, oo named, 

from Arsdalo’s Quany, Bucks Co. Pennsylvania, was found by Leeds (Sill, Jfht, J. [3], 
vi. 20) to contain : • 

SiO* A1*0» Fo-O* MgO CftOt Na*0 , K*0 H«0 

47*47 27*61 tmeo 1*20 17*59 3*05 1*40 1*48 » 99*70. 

Sp. gr, « 2*708 (compare v. 2oS). • 

iMifaJBOOOCOA' (Cloee, Compt. rend. Ixxxi. 469; Ixxzii. 501; txxziii. 748), 
KUeococca remieui, Tong-Yeou, or the dl-tree of China, is a plant of the Kuphor- 
biaceous order. Its fruit is ^ capsule containing several large, tough-coated seeds, 
which yield by cold pressure about 35 per cent of their weight of a rather viscid, 
colourless, inodorous oil, havi^ a specific gravity of 9*9262 at 16®, and thickening but 
not crystallising at —18®. Ether extracts about 41 per cent, of the same If/ 
however, carbon sulphide be used as the soltent, the extracted fatty matter solidifies 
on co<jling to a mass having a crystalline structure, melting at 34®. and having the 
same composition as the liquid oil : the action o| the ewboo sulphide has thmforc 
, given rise to a physical modification of the fatty matter? The oU likewise solidifies 
when heated in contact with the air, but in this case the soli^fication is attended with 
absorption of oxygen, and the product is nearly insoluble in ether and in carbon 
3rd Slip, 7 m Z 
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\^phideu^d does not melt at 200®. Lastly, solidiilcation is effected by exposing the 
oil to light, even without* contact of air, two days of insolation sufficing for the pur- 
pose The BolicUflcation is due to the action of the more refrangible rays, as it does 
not take place under yellow glass. The iwd fat produced has the same treight as the 
original oil, meltstfit a temperature 32® higher, is perf^tly neutrcd to test paper, does 
not contain any free fat acid, and d6ds not yield glyc^m to water. 

* Oil of elseococca dries up in a few hours, when spread in a thin film on a plate of 
glass and exposed to the air ; it is, in fact, one of the fastest-drying of all known oils. 
It is easily saponified by alkalis. When heated in a close vessel with alcoholic potash, 
it is resolved into glycerin and a soap, which when decomposed by phosphoric add 
yields two acids, one liquid, which is ordinary oleic add^ and yields a lead salt 
soluble in ether ; while the other, called eUBomargario or margarolic add, is crystalline,^ 
and yields a lead salt insoluble in emer. The oil is therefore a mixture of two 
glycerides, viz. elaeomargarin (about 75 per cent.) and ordinary olein. 

Elseomargaric acid, crystallises in rhomboi’dal plates; it melts at 

48*^, is insoluble in water, soluble in ether, carbon disulphide, liquid hydrocarbons, and 
aqueous alcohol ; it rapidly absorbs oxygen, and is converted into a soft transparent 
Ixdy, which gradually becomes hard and resinous. The acid gains 8*5 per cent, in 
weight on exposure to air for a fortnight, but may bo kept without alteration in a 
sealed tube or under water. It is monobasic. The •potassium Kolty 
dystallises easily from hot alcohol. Its concentrated aqueous solution is decomposed 
by dilution, yielding an acid salt which crystallises in nacreous scales. The lead salt 
is insoluble in ether. 

The solid fat obtained by insolation of dhe oil yields by saponification a mixture 
of solid fatty acids, but no liquid acid. By a series of ciystallisations from alcohol, a 
solid acid may be separated, called by Cloez olseostoaric acid, which melts at 72®, 
may bo disXilled under reduced pressure, and is probably a polymerido of eleeoraargaric 
acid. 

BXJLXbzc ACZB. See Oleic acid. 

According to J. Lehmann (Dingl, poU J* ccxix. 94), the press cakes of 
the seeds Elais guineensisy the so-calted palm-cakes, contain : 

Fat ^ . . . 7*12 to 16*14 percent. 


Proteids . . . . 12-86 to 20-26 

Non-a^jOtised extractive mattenjj 22*61 to 60-68 

Woody fibre . . . ' 12*86 to 28-60 

Ash 2-79 4*41 

Water 9-61 to 12-36 


lIZiABTZCZT'Z'. 11. Buff {Pogg, Ann. JuhtlK 349) has determine^ the co- 
efficients of elasticity of metals and other solid bodies by means of flexure 9X|)eriments 
made with rods supported at both ends and loaded in the middle. The results are 
contained? in the following table : 

Coeflident of (1s(^clcut of 

Klasticity Elasticity 


Cast steel . 

. 20960 

Copper 

. 12270 

99 * * 

. 21050 

Zinc . 

. 11900 

Bar iron . ^ . 

19760 

»» f 

. 10800 


. 19790 ' 

Leml. 

1862 


. 20940 

White glass 

7490 


. 20860 

Oak-wood . 

835 


, 20900 

Deal . 

1699 

Cast iron . 

, 14352^ 

Bench- wood 

969 


On the Elasticity of Tension of Metals at various temperatures, see Fisati ( Gass, 
chim, ital. vi. 23; Ckem. Soc. J. 1877, i. 38). On tho^Elasticity of Gases, see Gasrs. 
On the Elasticity of Torsion: Pisati {Gass. vi. 67; vii, 61, 173; Ckem. Soc. J. 
J877, ii. 1C2, 700). 

Mastidty of Regular Crystals in dijferent directions . — The experiments of Voigt 
on the tenacity of monomotnc or regular crystals in different directions gave, for the 
relation between the minimum and maximum elasticity, the ratio 1 : 1 *22. P. Gioth, 
proceeding on the principle that the rate of transmission of sound in solid bodies is 
de^ndent on their elasticity, has determined the minimum and maximum elasticity of 
rock-salt by means of the nodal lines prodliced upon a vibrating rod of that substance 
80 mm. long and 2 mm. thick, and found it to be as 1 : 1*19, a result whicli 
may bo regarded as identical with that of Voigt. These results show tliat the 
molecular condition of monometric crystals is different from that of amorphous bodies 
{Jakrh. /. Min, 1876, 199). 

• Originally reganleil by does as n pocnlinr aohl, ami designated ns rltrotHc arid. 
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{SambtMu nigra). The ash of the bimc of this trse coniaiotf 

in 100 parts 

K*0 Na-O CaO MgO A1*0* Fo*0* ^ Cl SO" P*0* SO" CO" 

13*956 0*965 30*924 10*730 0*250 0*350*0*179 5*818 8*045 5*455 23*274 *-99*946 

(Wittstein, Arch. Pharm. [3], 394). ^ * 

a&84iT JbZClT Y • Voltaic Circuits. — Experiments bearing on the theoijr of 
voltaic action have been made by Gladstone a. Trite {Proe. Hog. xxiv. 47). They 
find that a zin^platinum couple, immersed in a solution of potassium chloride^ liberates 
^tassiiim against the platinum plntc, as evidenced by the evolution of hydrogen and 
the presence of free alkali, and that a similar result is obtained with the chlorides of 
> ammonium, sodium, barium, strontium, and magnesium. The action is slow, but 
becomes quicker when nuignesimii is substituied ftir zinc in the couple. Now accord' 
i^ to the chemical theory, tlio zinc>platinum couple Ciiu act only when the electrolytic 
liquid in the cell contains an element (generally hydrogen), which is loss positive, or 
has less affinity for Cl, SO", dec., tlmn zinc ; but in the experiments above described the 
zinc appears to be capable of replacing metals more positive than itself : hence it 
would appear that the ordinary chemical thiory of the battery requires some modi- 
fication.* 

Sulphates and nitrates are also docompased in the same manner as chlorides, and 
a metal joined to another more elect ronegnti\'e than itself is capable of decomposing 
its own salts : thus a mercury-gold couple will decompose mercuric chloride, mercury 
being deposited upon the gold. 

With the ^•^ew of throwing light oi» the contact theory of voltaic action, J. E. 
Fleming {N. Arch. Ph. 7tat, 1, 412) has constructed a battery without contact of 
dissimilar metals. This battery, which lias an electromotive force of ^-Daniel], con- 
sists of a series of cells containing alternately dilute sulphuric acid an4an alkaline 
soj^tion of soilium pentasulphide, and connected by (^-shaped strips of copper and lead 
alternately. The number of the cells is oven, so that the fii*st and last ctjntain diflfbrent 
liquids but the same metal, lead for example; and these can be connected with a gal- 
vanometer by two strips of copper immersed in them. In the nitric acid colls the 
copper being the more strongly attacked positive towards the lead; but in the 
%odium sulphide it is negative ; conso( 2 uently all the colls produce a current in the 
same direction. 


Currents produced hy the Succesisicc hnmermon of Electrodes in diffefent Liquids , — 
When two electrodes of mercury (or other metal) connected by a galvanometer wire, are 
successively immersed in a conducting liquid which does not act upon them, such ns 
water, alcohol, glycerin, wdino solutions, hydrochloric acid, &c., an electric current 
passes Item the freshly wetti<<l surface of the mercury to that which had been wetted 
first. strength oi this electric current diminishes with the increasing resistance of 

the intesveniiig liquid, ami its electromotive force varies with the nature and the 
concentration of the different liquids, but decreases as the saline solutiofi becomes 
more oondentratod ; it may amount to 0*6 of the electromotive force of a Baniell’s 
cell. The electromotive force is tho greater, the more quickly the surface of conUvet 
between metal and liquid, at ilie last iminorsed electrode is formed ; and as the 
rapidity w*ith which this takes place is increased, the electromotive force approaches 
a maximum which, in the case ^f viscous liquids, sucli as glyfiorin, is very soon 
attained, and is totally independent of the capillary constant at this surface of con- 
fjict. These electric currents are pro&bly caused by changes in the molecular condi- 
tion (different tiensity or concentration), which is gradually brought abouP near tho 
surface of contact of the two liquids. # 

The electric currents produced by successive immeysion of two mercury electrodes 
in sulphuric or nitric acid, owe their origin chiefly to the substances formed by the 
chemical action of the acid up6n the mercury, and must therefore ^e considered as 
secoudaiy phenomena or as polarisation currents. Electroljrsis is capable of ch^ging 
^-tff?>‘ ;::*jsfaco* tension ht tho common Mundary between mercury and other conducting 
liquids, tho change consisting either in an increase or a decrease, and altering its sign 
with tho direction or duration of the current. The disturbances brought about by 
capillary phenomena cannot be ascribed to the substances which have been sepaf^ted 
by electrolysis (Quincke, Pogg, Ann. cliii. 161). • « • 

Function of Peroxides in the Voltaic Cir^U , — In a battery arranged on LodahCiu^'s 
principle (1*^ Suppl. 555) the carbon cylinder being surrounded with a mixtare of fine 
or coarse carbon powder and fine or coarse manganese dioxide, it was found by com- 
parative experiments that tho strongest and most coTtptant currents were pranced 

— * 

* Does not tbe aqueona solution of potassiam cblorfdo contain H€?l as wcU ns KCl, and may not 
the evolution of hydrogen and formation of aIIcaII b» duo to the decomponitlon of tho ? 

z z 2 
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with a mixture of coarsely crushed gas-coke and finely pulverised manganese dioxide. 
This result is due to the great electromotive force of the peroxide towards zinc, and to 
its great depolarising power, combined with the good conducting power of the carbon, 
which was found by special experiments t<rbalauce the great reristance of tho man- 
ganese peroxide. Jjead dioxide is an excellent conductor, and voltaic combinations 
made with it are far superior in powdr to those contaifiing manganese dioxide, whether 
the*exciting liquid be nitric acid or solution of sodiium carbonate or dilute sulphuric 
acid, but especially in the last cash ; their utility is however impaired by the fact that 
the lead dioxide gradually becomes impure, and the resistance of the combination is 
thereby greatly increased, an inconvenience which can be remedied only by emptying and 
cleansing the glasses and their contents, whereas a manganese combination is restored 
to its former activity simply by scrapinji the zinc rod (W. Beetz, Pqyp. Ann. cl. 636). 

Electromotive l*orce« As a unit of electromotive force, Latimer Clark (Proo. 
Boy. Soc. XX. 444) recommends, on the ground of uniformity, that of a zinc-mercury 
couple excited by a paste formed by boiling mercurous sulphate in a saturated solution 
uf zinc sulphate. 

The influence of beat on the electromotive force of voltaic couples has been ex- 
amined by A. Voller {Pogg. Awn. cxlix. 394). 

Within the limit 0®-100® a rise of temperature produces : 

a. In crease of Glectromotivo power in : 

Zn in SO*H® . About 0 06 ; below the boiling point a maximum appears to occur. 

C in NO*H . Not very considerable. 

Pt in NO®H . At least equal to that in tb^ last combination, 

Cu in NaCl . Considerable and continuous; at 78® the increase amounts to 0*17 
of tho value at 21°, 

•*' i8. Di min ution of Electromotive power in : 

Zn in SO^Zn . Continuous ; at 90® about 0*08 of tho initial value at 28°. * 

Zn in NaOl . Continuous ; of the same amount as in tho last. 

Cu in SO^Cu . Very considerable ; at 91® about 0 43 of the initial value at 22®. 

Cu in SO^Zy . Very considerable ; at 80® about 0*33 of the value at 26®. 

The gen oral result is that tho electromotive force of acids to metals is increased,^ 
and that of neutral saline solutions to metals (except Cu in NaCl) is diminished by 
rise of temperature. 

temporatu; 

cooling to , 

creased to at Icjist 26 times its value at ordinary temperatures. In a zinc-carbon cell 
excited by mercurous sulphate (3^^ Suppl. 554), tho internal resistance is increased at 
— 16® to 20 times its ordinary value, while the electromotive force is diminished by 
only ono-tonth. In LeclaDeh6’B battery (Isi Suppt. 666) the resistance is not quito 
doubled at — 18®, while tho electromotive force diminishes by about one-eighth. 

Electromotive and Thermo-electric Forces of certain Alloys in 
contact with Copper (H. F. Sandell, Pogg, Ann cxlix. 144). — The method em- 
ployed for the measurement of t^ese forces 'was tho same ns that used by Ediund for 
estimating the electi'omotive force developed by tLe contact of simple metals (2nd 
Suppl. 443), and tho main result of the investigation is that the same law holds go<^ 
for these alloys as for the simple metals, namely, that tho order of succession of the 
several allbys with regard to their electric tension in contact with copper is the same 
in tho thermo-electric as in the voltaic seines. Tho order of tension is given in the 
following table, in which each alloy is positive with regard to the next. E denotes 
the voltaic, 0 the thermo-electric force, g the quotient of the two. 


Alloy of 12 bismuth with 1 tin , 

254-74 

270-69 

1-10 

•1 II If 1 If • • 

234-18 

236-39 

1-09 

It ^ ,» 1 II • • 

137-49 

146-76 

1*06 

Iron ' • * - . " 

82-36 

86*12 

1*06 

Alloy of 2 bismuth with 1 tin 

49-76 

61-69 

1-04 

Copjyer 

0 

0 

— 

Nickelnsilver • . . . 

9808 

103-12 

1*05 

Alloy of 32 bismuth with 1 antimony . 

295*01 

296-24 

1*00 

Bismuth 

417*14 

460-06 

I-IO 

Alloy of 32 bismuth with 3 antimony , 

633-98 

680-94 

1 29 
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These rwulta hold good only for temperatures below SO'*. The quotients o (except' 
the last) differ fiom €be mean value 1*06 by 6 per cent, at the utmost^ the difference 
being within the limits of experimental emr. The difference observed in the case of 
this last alloy may be ascrib^ to^ tlie cirRimstsnco that its very great electromotive 
and thermo-electric jrawer gives rise to abnormal heat-effects whiSh disturb the action 
of the apparatus. Lastly it ts found that ptftre bismuth and its alloys witlj tin 
exhibit, in course of time, a steady decrease oiT electromotive and thermo-dectrio 
power. ^ * 

Thermo-electric relatione of certain Metale durjing Fusion and 
Solidif cation. — These relations have b<*on investigated by A. v. Obermayer ( 

Ahad. Ber, [2 Abth.] Ixvi. 63), and by A. v.Fitxgerald-MiniircUi (ibid, Ixxi. 604). The 
metal to bo tested was melted in a funnel, %nd a wire of tlio same metal, passing 
dowuunrds through the neck of tho funnel, was soldered to u wire of another metal, the 
other end of which dipped into the melted metal. Tho point of junction of the two 
metals was kept at 0'^, Obemiayer 6nds that the thermo-electric relations of metals 
are for the most part but little affected by fusion or solidification. When the melted 
metal consists of tin, lead, or the alloy PbSn*, and tho immersed meUd of iron, the 
electromotive force does not vary at all during fusion or solidification. Zinc, in com- 
bination* with iron or copper, exhibits nearly constant electromotive power, so likewise 
does a bismuth-iron couple. 

Minarelli has determined the thermo-electric power of the following couples between 
0® ami 100°, diking that of iron and nickel-silver as the unit : 

Iron-tin . . . 0*8999 ^ * Bismuth-copper . . 3*421 

Iron-lt>ad . . 0*9036 Bismuth-platinum . . 2*720 

Lead-antimony . . 4*403 Bismuth- antimony . , 6*179 

Lend -zinc . . .0*723 Tin-zinc . . . ^ 0*398 

Bismuth-iron . . 4*274 Tin-antimony . . .2*677 

Tho curves which represent tho results of obsorx ation during fusion and solidifica- 
tion, show that a regular variation of electromotive force takes placoas the temperature 
alters tlirough the molting point. The curve^for fusion and sohdificatioDcSgroo exactly 
* in all cases, excepting for the bismuth-couples, a circumstance wliich bo due to 
tho ditficulty of obtaining this metal in a pure and homogeneous state. The oluctro- 
motivc power of those couples attains its ina^winm near tlie molting point of bismuth, 
and then slightly dimiiiislies. I'lie iron-zinc and tin-lead couples exiTibit very slight 
alterations of electromotive jjower on both sides of tho nndting j')oint.. Tho antimony- 
couples are distinguisliud by great increase of electromotive force concurrent with rise 
of tempemture. 

On the Thermo-electric properties of Potassium mid Sodiuvu, see Naccari a, 
Bellati (Ga^c. chim, ifal. vi. 419; Jahreah.f. Chem. 1876, 108). 

On tho Theory of Thermo- e.loctjicify, see Kohlmnsch (Fogg. Ann, clvi. Giy ; Jahresb, 
1875, 96); also 0. J. Ixidge (Phil, Mag. [5J, ii. 624). 

a 1 e o t r o 1 jr ■ i a. Oi II g dr ox ideSi — Jancczek ( Dent. Chem. Ges. Ber, viii. 101 8) 
regards tho electrolysis of wiitfbr as a resolution of into H and HO, tho free 
oxygen evolved at the anode being a secondary pfoduct of the decomposition of 
hydrogen pon^xido, t). Iif like manner it may be supposed that 

potassium hydroxide is directly resoliod by the current into K and OH. When tho 
I'urreiit is paased through dehydnited potassium hydroxide fused in an open silver 
capsule, a brisk evolution of oxygen takes place at the anode, whilsb at ftio cathode 
shining metallic potassium is d« posited wiffjout evolution of hydrogen. If, however, 
the decOmpoHition bo performed in a clqiod silver^ube, in which the gases can bo 
collected, and the action be c^tinued for some time, the evolved gas is found to 1>e a*** 
mixture of oxygen and hydrogen, and water condenses in the daliveiy tubes. Tho 
^^troation of the water and oxygon is explained by the equations, KHOsiH-f-HO, 
and + O ; and the hydrogen is probably due to the action of the metallic 

potassium on the undecomm^ed hydroxide : for, if the heat be continued, its evolution 
goes on for a long time, cvfti after the interruption of the current; and if, after it has 
ceased, the melt be thrown into watery no further evolution of hydrogen is observed, 
whereas it is sure to take place if the melt bo cooledvimmediately after the intejxup- 
tion of the current, and then thrown into j^ater. 

From these results, Janeczek infers that the current, in iU passage through 
difierent liquid compounds, sets free in equal times an equal number of quanti- 
valencies, and, therefore, performs in all caws the same amount of work. 

2. Ot Alkaline Carbonates. — From tho products obtained by the electrolysla 
of solutions of neutral and acid sodium carbonate, and the quantities of heat evoivod 
in tho operations, Favro a. Boche (Compt. rend. Ixxvili. 1678) infer : (1). That the 
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ueutral carboniito splits up into ONaO^ nnd tho sodium being oxidised at tho 

J 1 * t. i.C nrw^iv-v^ /^KTaJ^S wx-iir l-\« snm. 


2CNaO»**C*Na*0*‘^* O, the group C*NaW then reacting with water so as to form the 
acid.carbonate : C®Na®0* + H®0 = 2Cl^aH0®. 

The acid carbonate is resolved by electrolysis nnto Na and CHO* (not, as 
might be supposed, into H and CNaO*), the Na being then oxidised, with evolution of 
hydrogen, while the other product is resolved, in tho manner shown by tho equation 
2CHO^ sa 2CO®'+ + O, giving rise to the evolution of oarbon dioxide and oxygen. 

Tho calorimetric investigation of the thermic changes accompanying these decom- 
positions gave for the neutral carbonate C37 7 2 gram-degrees, the amount required by 
calculation being 6620 ; and for tho acid carbonate 10446 ; calc. 12689. 

3. Of Chlorides. — When a copper-platinum couple is immersed in a solution of 
cupric chloride, insoluble cuprous chloride is deposited on the platinum as well as on 
tho copper, if tho solution he dilute. Zinc-platinum and magnesium-platinum couples 
give rise to more energetic action, and metallic copper is also deposited on tho 
platinum. Results in harmony with these are obtained with salts of mercury. 
Again metallic iron reduces ferric to ferrous salts at ordinary temperatures, while 
X>latinum by itself has no effect ; yet if platinum connected with iron be immersed in 
tho ferric solution, tho reduction takes place more rapidly, and the reduced salt forms 
on the platinum also ; or if a little fcrricyanide of potassium has been mixed with tho 
solution, the blue colour, which indicates th^ production of a ferrous salt, will show 
itself about the platinum as well as about the iron. When plates of magnesium and 
platinum are immersed in ferric chloride, metallic iron quickly makes its appoarunce 
on tho platinum plate. With a weak current from a biittory passed through platinum 
electrodes, ferric chloride is resolved into chlorine and ferrous chloride ; but with a 
strong current into chlorine and iron ; and this, in conjunction with the facts jtfst 
adduced, shows tho analogy between tho electrolysis effected by an external battery 
and that arising in the cell itself (Gladstone a. Tribe, Phil. Mag. [iv.], xlix. 426). 

4. Of Fo^r mic acid, — The aqueous solution of this acid yields by electrolysis, at 
tho cathode hydrogon, and at tin? anode carbon dioxide, witli or without admixture of ^ 
oxygen, but never accompanied by hydrcgcii. The volunius of tho three gases 
are 

" H : C0»;’ 0 = Z-.'i-.l. 

The group CHO® eliminated at the anode probably reacts with H®0 to form CH-O- 
and free oxygon, ‘Which oxidises tho formic acid to CO® and H®0. This view is 
corroborated by the fact that carbon dioxide is evolved in grositor abundance in prf>- 
port.ion as oxiaatibn is facilitated by diminishing tho strength of tho current, increas- 
ing tho size of the olectro<les, and concentrating the acid. 

5. Of Aromatic Bodies. — When an electric current is passed through an aqueous 
solution of a niliiie hydrochlorid 0 , nitrate or sulphate, anilino-bhick is de- 
posited on tho anode, its formation resulting from oxidation of the aniline by oxygen 
evolved at that part of the circuit (Qoppolsroder, p. C9). 

The salts of toluidino am^ pseudo toluidi no behave differently from those of 
aniline. Toluidine- salts give at the anode a bro\fh substance which dissolves in 
alcohol, and dyes silk .and wool brownish-yeHow. Psoudotoluidino yields a violot 
colour, which changes to red on treatment with dilute nitric acid or potassium per- 
^nanganate^ A mixture of aniline, toluidine, and psoudotoluidino gives a red colour, 
and as secondary product a violet coloufl From methyl-aniline a violet colour is 
formed. Diphenyl amine yiolfls a blue product which dissolves in alcohol. A mix- 
ture of diphonylamine with ditolylamine and phenyltolylamiuo gives a 
beautiful blue colour soluble in alcohol. MethyldipheSylamine also gives a blue or 
violet /colour. 

Phenol in acid aqueous solution, or in the form of phenate, yields a brown^com^”' 
pound at the anode. Naphthylamine salts iu neutral or acid solution yiuld 
naphthylamiue violet. ^ c 

When finely xmlveriseil anthraquinoiie ds added to strong potash-ley, and the 
liquid, heated ajiirly to the molting point of potassium hydroxide, is subjected to tho 
uctiou of the current, the part near the cathode boconios ferst rod and then violet from 
formation of potassium alizarate, which, however, is mixed witli brown secondary 
products of the electrolysis. All these changes depend upon the action of electrolytic 
oxygen, except tho hist, which^, results from that of potassium hydroxide (Goppels- 
rbder, Co^npi, rend. Ixxxii. 1109). 

6. Oils and other non-conducting liquids may be rendered conductive and suscepf i- 
bio of electrolysis by mixing them with solutions of metallic salts iu alcohol or ether, 
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r.//. Zinc ^oride dissolved in alcohol or sliaken up with 

ether. Kven carbon tbsulphido may be rendered conductive by such admixtures. 
The products thus obtained |>y the electrolysis of oils have as yet, however, been but 
imperfectly examined (W. Symons, Phartn^J. IVans. [3], v. 326). 

ElcctrolysU with Eijolvtion ^ Ilydrogtm at both PoUa, — If a magnesium wire be 
immersed in sulphuric acid, dirotod to such a d%ree that only a feeble evolution of 
hydrogen takes place, and the wire Ije then connected with a platinum wire li^o'^ise 
dipping into the liquid, the evolution of hydr<^on immediately becomes more rE|pid, 
and takes place from the surface of both wires, the magnesium at the same time 
becoming covered with a thin black crusts, which disappears as soon as -iho wnnectiou 
with the platinum is broken. If the two wires, instead of being directly joined, be 
connected with the ptiles of a hattory, the mtgnesiiim forming the anode, exactly the 
same effects are produced. Whether a battery is employed or not, the quantity of 
hydrogen evolved at the nuude is only half as great as that given off at the cathode, 
the quantity at the latU^r being the same as lliat ovolvcsd in an iutei-posed vbltameter. 
If the eJectiolyte consists of aqueous magiiosiuiii sulphate, in which magnesium does 
not evolve gas without the aid of the current, the amount of hydrogen ovolvetl at the 
cathode is likewise nearly double that given off at the aiioile, and magnesium hydroxide 
is deposited at both polos, as a powder at tlio anode, and us a coherent translucent 
imiHs at the cathode. 

In a solution of potassium sulphate, the same proportion of the gases evolved at 
the two polos was maintained, and the analysis of the liquids showed that at the anode 
a quantity of magnesium was dissolved^ equivalent to the hydrogen Uberat-eil in Uio 
voltameter and to tho potissium traiisfenrod to the cathmlo ; and at the same time a 
quantity of magnesium equivalent to tho oxygon evolved at tho anode was oxidised 
there, but not dissolved. 

Tho evolution of hydrogen at the anode in those reactions is due to^io positive 
el<^trisation of the nnignesium, w'hereby its affinity for oxygon is increased tfj such a 
degree that it can take fix)m the water a quantity of oxygon in addition to that which 
i.s evolved by ole<*trolysis ; but why this additional quantity should bo exactly half c»f 
that w'hich is due to electrolysis is a question not yet determined (Klsaessor, Deut, 
Ges, Bcr, ix. 1818), A similar effect was observinl moro than twotfty years ago 
by Wohler a. Buff {Zainmincr'a Jahr€»h,f, Phi/sik, 1867, 226). 

Kfectrodeposi iion of Mr.ials. — Fm^^oblaining coherent, cl^oly adhering 
deposits (}f aluminium, niagnchitim, bi.smuth, antimony, and pallat^iuni, capable of 
taking a good polish. A. Bertrand (6V/wp^. rend. Ixxxiii. 86i) precipitates them from 
tho {iqitcou.s solutions of t.ln'ir double ammonium chlorides. Aluminium and magn*’^ 
6iii*n require a strong current, liismuih and antinumi/ may bo precipitaU;d from tiold 
solutions, w'horiMis tin* older methods of precipitating them requirwl tho use of hot 
s<dntions. Palladium precipitates are easily anti quickly obtairuHl, provided tho solu- 
tions nre prrlVetly neutral. Cadmhun prt^cipitutos am >>est obtaiuMl from iiIL solution 
of cmlmiuni bromido slightly ticidulatod witli sulphuric acid, or from an acid ffolntion 
of ihc sulphate. 

Preeijntation of Gold . — Spongy gold employed as an anode in dilute sulphuric acid 
is quickly and strongly attacked, the cathode at tho i^ine time becoming coated with 
a dark precijiitate of gold, and adhrk cloud? w'hich deposits a soft iTlack -brown powder, 
being diffiiHcd through the liquid. This precipitate, which is black-blue when dry, 
consists of gold mixed with a little aun:>us or auric oxide. Very fine NobiliV rings 
may be formed by means of a platinum jioint on gold-loaves imtiwrsoA in water 
acidulated with nitric or sulphuric acid. wGold is attacker! in like manner, though 
less strongly, in alkaline liquids. Tho iJightest admixture of silver impairs tho 
beauty of tlie rings. ^ 

l^rodiiCtwn of Mitallic httma on the Surfitcc of Organic HuJlmtancee by Eteciro- 
— The oWoct to be coated is first immersed in a 1 0 wr cent, solution of silver 
nitrate in methyl iJcohol, to which 3 per cent, of nitric acid is addded, and allowed 
tx> remain for a longer or shorter time according to its nature. It is then drained, 
partially dried by rapid miction, and while still moist, placed for a few seconds in a 
saturated solution of ammonia, after wUch it is dried at a low temperature. Laatlyf 
it is suspended above the surface of mercury heated*by means of bdfling water. A 
few minutes' exposure to the mercurial Vf^ur sufi^ces to reduce tho double nitrate of 
silver and ammonia formed by the previous treatment, the object becoming completely 
covered with a metallic film. 

Leaves, flowers, insects, and f>ther organic ubjoctw thus treated, take a regi^r 
deiMjsit of copper. The method is said to be safer and more rapid than thriso in which 
the hydrogen -com pounds of arsenic, phosphorus, and sulphur, or solutions of phos- 
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phorus in carbon bisulphide are employed as reducing agents (P. Gazeneuvc, CompU 
rend, Ixxxii. 1841). 

EstimaUon of Zinc and Lead in Minerals hy EUotrolysia, — Zinc can be precipi- 
tn,ted on platinum in a coherent him, wftich can be readily washed and weighed 
if the solution be» first rendered ammoniacal and then acidulated with an organic 
acid, preferably acetic, and submitted to electrolyiAs, care being taken to adjust 
the* current to the strength of the solution. The iron, lead, &c., present in 
calamine, blende, and other zinc ^minerals should be remov^ by Schwartz’s process 
previous to electrolysis. The j^sence of a minute quantity of lead greatly increases 
the coherence *of the zinc film, if no mineral acid except sulphuric be present. Lead 
may be precipitated in a coherent state and of a dull colour by operating on solutions, 
preferably alkaline, containing phospho^^c and tartaric acids. The presence of acetic 
acid tends to keep the positive pole free from lead peroxide (Parodi a. Mascazzini, 
Oasz, chim. ital. vii. 222). 

On the Estimation of Metals by Electrolysis, see also Wrighteon (Zeitschr, anal, 
ckem, 1876, 297 ! Chetn, Soc, *71 1877, i. 340), On the Electrolytic Estimation of 
Copper and Nickel, see 2nd SuppL 384 and p. 660 of this volume. 

Work of the Electric Current , — From experiments by K. Colley (PAi7, Mag. 
[6], i. 469), it appears that when a compound is electrolysed in a long verticil tube, a 
certain amount of current-force is expended on the mechanical raising of the heavier 
of the two decomposition-products from the lower to the upper end of the tube, the 
current being consequently strengthened or weakened according as its direction, 
is iu accordance with, or opposed to, that of |Jie heavier of the two constituents of the 
electrolyte. 

Volartftfttion of MLotOils* Experiments on the polarisation of several metals 
have been jnade by F, C. O. Muller. Amalgamated zinc plates in dilute sulphuric 
acid gave a very variable polarisation, dependent on the state of the surface of th® 
metal, and the d^roe in which it was attacked. Clean copper-plates in the same 
liquid, or in an acid solution of cupric sulphate, exhibited a very regular polarisation 
increasing with the density of the current ; in a neutral solution of cupric sulphate 
the polarisi^tion is slight, no film of hjrdrogon being apparently deposited on the 
cathode, and no water being decomposed simultaneously with the copper salt. Iu tho^ 
electrolysis of cupric sulphate with a copper anode, if the smallest quantity of free 
sulphuric acid^is present, cupric oxide informed on the anode, while on the cathode a 
deposition of copper takes place without penseptiblo evolution of hydrogen. Never- 
theless, the slight polarisation which takes pleuse in such a case is determined by 
evolution of hydrogen, arising from the decomposition of the acid : for not only can 
the hydrogen be smelt, but on reversing the current, the copper oxide deposited on 
the former anode, « now become a cathode, is reduced, and at the same time the polar- 
isation is reduced to nothing, and restored only after complete reduction. 

According to Du Moncel {Compt. rend, Ixxxii. 1022), the difference of the polari- 
sation of ^ electrodes, according as the polarising acids are condensed on the plates, 
eloctrolytically or mechanically {comp. Gangain, 2nd Suppl. 444), is observed alsi) 
when a pebble is interposed between the plates instead of an electrolyte. Peculiar 
and very irregular polarisation phenomena were exhibited by Franklinite, Fe*0*.ZuO, 
ovidoiitly in consequence of its aoterogenoqus constitution. 

Potarimtion in Liquids free from Gaz . — When a single Daniell’s olomeiit is con- 
nected with a decomposing cell with platinuin electix)des, a polarising current is 
developed.fcwhiqli soon becomes very weak, but does not cease entirely for a very long 
time. If the Daniell couple be now remo^Ksd, and the platinum plates of the decom- 
posing cell connected with the galvanomo^r, a depolarisation current is produced in 
the opposite direction, strong at first, but soon diminishing, till it becomes almost 
imperceptible. The apparently unlimited duration of ^he polarisation current seems 
at first sight to be inconsistent with the law of the Conservation of Energy. Helm- 
holtz, ‘however, has shown {Pogg. Ann. cl. 483) that this current is duo to the actiOtt-^ 
of gases— oxygen or hydrogen — occluded in the platinum plates. When an electric 
current is j^s^ through a water-decomposing cell containing hydrogen, either dis- 
solved in the liquid, or occluded in the platinum plates, the oxygen carried by the 
current to one pf the electrodes irill there be reconverted into water by combining 
with the dissolved or oocluded*^ydrogen. But an equivalent quantity of hydrogen 
will then roappeor at the other electrode, a&id may be partly dissolved in the liqui<l, 
partly taken np by the platinum. A kind of electrolysis is therefore kept up, the 
products of which do not actually come to light. As this process does not require the 
amount of chemical work whicfi must be expended when water is ultimately resolved 
into its elements, it^ cun bo kept up by only a weak electromotive force, as long as 
there remains any dissolved or occluded gas which cannot easily be altogether re- 
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moved. Helmholto designates this kind of action by the term ‘ electroMio oonvee- 
tion/ It likewise takes place when the electzodea and the liquid are cmirged with 
oxygen. In a liquid free from gas, imd between electrodes free from gas, the 
polarisation current disappears as quickly^as the depclarisation current. In this 
case the decomposing cell acta exactly like an electric condenser of very great 
capacity. ^ * 

According to Fleming [6], i. 142), the electrolytic polarisation, of 

platinum p^tes in dilute sulphimc acid takes placo^iii the same degree, whether the 
liquid is aerated or de>aeratra. He finds, however, in accordance with Helmholtz, 
that the polarisation current lasts much longer in liquids charged with gas, than in 
those which are free from gas. * 

^ E. Boot {ibid. [5], ii. 153) finds that when one side of a platinum plate 0*02 mm. 
thic^, is polarised by electrolytic separation f>f hydrogen or oxygen, the other side 
exhibits, after a while, the same state of polarisation, whence he infers that thin 
platinum plates are pepietrated by the electrolytic gas. [Is not the gas evolved simul- 
taneously on both surfaces of the plate?] 

Polarisation by Chlorine and Hydrogen, — The electromotive force of platinum 
which has been immersed in hydrochloric acid containing a small quantity of free 
chlorine, towards pure platinum, is not consbint but increases gradually to a maximum. 
With increasing addition of chlorine it approaches indefinitely to the value of about 
0-62 Haniell, but never actually attains that limit. The increase is much quicker 
from the beginning if the platinum has been immersed in the acid before the aadition 
of the chlorine solution, than when it is immersed in the tUroady chlorinated acid. 
Hence it appears that the force in qu4ltion is due altogether to the chlorine con- 
densed on the surface of the platinum, not to that which is contained in the solution ; 
moreover, it appears that the chlorine is attracted by platinum and glass more strongly 
tlian by the solution, and that the attraction of platinum for chlorine Jk about 25 
tinf^s as great as tliat of water. 

If the chlorine has been liberated by galvanic action, it produces polarisation about 
1*7 times stronger than that produced^ by chlorine proparou by the ordinary chomicjil 
methods: hence tlie active and inactive chlorine are related to one another in the 
^ame manner as ozone and ordinary oxygon.t The polarisation of platiifiim charged 
with ordinary chlorine diminishes between 17® and 100® by 0*062 Haniell; that of 
platinum charged with iictivc clilorino by 0'440 Hauiell. Active chlorine retains its 
strong oloctromotivo iwu'cr only in contact ^ith the nlate on whic> it has been 
produced, and cannot bo transferred to another plate by uiffusion. 

Platinum plates charged with hydrogen in hydrochloric acid solution liavo an 
electromotive force, duo to polarisation, of 0*68 Haniell, if the hydrogen has been 
introtlucod into the solution from without, and of 0*94 Haniell if it has boon elimt* 
nated on the surface of the plate by electrolysis. Chnngo of edbeontration acts 
exactly as in the case of chlorine. With weak currents rise of temperature diminishes 
the activity. The active hydrogen passes after a short time into the ordinal^ inactive 
modification. 

Carbon electrodes give similar lesults, excepting that the polarisation attains its 
maximum immediately after the oiosing of the circuit. 

Polarisation of Ztnc.-~ Accowjing to Overl>eck {Pogg. Ann. iiViv, 446), amalga- 
mated zinc plates immersed in a perfectly neutral zinc solution cfinnot be r^arded as 
uupolarisablc, unless the current is weak ; in strong currents, on the other hand, they 
polarise as strongly as electrodes of pure zinc, and, like the tatter, by oralution of 
oxygen and hydrogen on their surfaces. Their non-polarisutiun by Weak currents 
may be due to the fact that such currents dl^mposc only the salt, and not the water, 
and that the addition of a little separated zinc to die amalgam does not sensibly 
affect the place of the latter in^e voltaic series. 

Polarisation of Aluminium. — According to Beetz {Pogg. A^. clvi. 456), the 
"•vpblarisntion of alunfinium plates in dilute suljmuric acid produced by a current sf six 
Grove's elements, is equal to 6*30, and with one element, 1*29, the plate coated with 
oxygen contributing to th% efl^t more than ten times as much as the hydrogen- 
covered plate. 

It was observed some years by BulF {LicU^s clii. 26.3), th^it ths 

great electromotive force of aruminium is duo, not onl/ to deposition or oxygon on its 
surface, but to the formation of a strongly electro-negative layer, which ho supposed 
to consist of silicon. Beetz regards it rather as a suboxide. 

Httcretet observes ( Cranpi. rend. Ixxx. 280) that a voltameter formed of a platinum 
and an aluminium plftte in acidulated water, allows the^rrent to pass, only when the 
aluminium forms the negative electrode, the hydrogen being then evolved on the 
aluminium plate, and the current having its ordinaiy strength. On reversing die 
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connectioiu}« the decomposition of water ceases altogether. The surface of the 
aluminitiin does not appear to bo altered, being protected by a thin him of alumina, 
on remov^ of which the polish of the plate reappears. 

EleotroTnotive force of vciy thin Gas-films on Metal plates , — ^When a voltameter is 
introduced into the conducting circuit of very rapidly and regularly alternating 
currents, each individual current %;liminate8 on onef^ of the electrodes an extremely 
thin film of hydrogen, afad on the other a similar fllnj of oxygen, these gases being re- 
converted into water by the next<current which passes in the opposite direction, and 
consequently disappearing. Nevertheless the polarisation of these very thin films is con 
sidorable, thjp separation oven of 0*000000015 mgm. hydrogen, or 0*000000012 oxygen 
on a square meter of electrode surface, being sufficient to develop an electromotive 
force equal to that of a Daniell coupl% The gases in these very thin films must bo 
regarded ns conductors, and the electromotive force between water and platinum as 
acting through the thin film of gas. As a first approximation the polarisation may 
bo regarded as proportional to the quantity of gas (Kohlrausch, Pogg. Ann, cxlix. 
97). 

Impulsion of Mercury by the Current . — A globule of mercury placed under 
water or other liquid becomes elongated when an electric current is passed through 
the layer of liquid in which it is immersed. This impulsion of the mercury is always 
cliroctodyVcwt the pole at which the evolution of gas is strongest, and is entirely due 
to the mechanical action of the evolved gas, whether the drop lies freely between the 
two clecti*odes, or is in contact with one of them. The more complex phenomena which 
are observed when the mercury is immersed in saline solutions may be explained by 
the very strong local polarisations develox^ on the surface of the mercury. When 
this metal forms the negative electi-odo, the secondary currents are mostly due to the 
resulting amalgiim. When, on the other hand, it forms the positive electrode, these 
currents irflso from oxidation of the mercury, and reduction of the salts thereby pro- 
duced hy the hydrfjgen condensed at the negative electrode (Th. du Moncel, Ccmipt. 
tend, Ixxvi. 880, 958, 1130). 

Slectrooaplllarltsr ifLnd Suppl. 449). Chemical action between two 
liquids sopratod by a capillary partition, is determined mainly by the magnitude ot 
the capillary electromotive force. If Ihis is strong, metals are reduced ft:om the# 
solutions ; if it is weak, oxides and other compounds are formed, as in the cases 
already descijibed. When a cracked ^pbe ^ntaining a metallic solution is immersed 
in 1 % solution of potassium sulphide, metallic copper is soon deposited on the inside ot 
the tube near the crack. But with a solution of potassium hydroxide, which gonorate.s 
a much smaller electromotive force, only gold and silver solutions are reduced, and 
these but slowly. The same elfects are produced witli diaphragms of paper or col- 
lodion, w'liich awi particularly well adapted for the production of oxides. These com- 
pounds are obtained from metallic or saline solutions placed in capillary contact with 
alknlino i^ilicates or alumiiiates. In a few instances, however, silica and alumiiia arc 
carried forward by the current, and then form silicates and aluminatos. Metallic 
nitrates thtis subjected to the action of potassium aluminato yield crystallised oxides 
of copper, load, zinc, cobalt, and nickel. By th^ ^tion of potassium silicate on 
ciilciuiii acetate, calcium silicate is obtained in small clumps of microscopic double- 
retracting crystal}?. From alvmiiiium chloride iix^imersed in potassium aluminate, a 
crust of douhle-rcfriicting granules of alumina is deposited. Magnesium aluminate is 
formed in like manner from magnesium chloiride and potassium aluminate. Ferric 
nitrate ii^iersed in silicate or aluminato of potassium yields ferric hydrate in trans- 
parent, rod, ddublo-rofructing lamin«e. IlJ^nganic nitrate treated in like manner yields 
orystJilUue doublo-rofnicting lamollse of manganous hydroxide, soon converted into 
peroxide. Aluminium silicate ‘may be prepared hy the action of aluminium chloride 
on potassium silicate. From potassium dichromate ^p-nd potassium plumbite, lead 
chromate is obtf*ined in small orange-yellow double -refracting needles having the 
comtvpsition of melanochroito (Becquerel, Compt. rend, Ixxix. 82). ■ •. 

Metallic copper, cobalt, platinum, &c., are obtained by reduction in the electro- 
capillary apparatus when the crack in the glass tube /is wide enough to allow the 
surrounding solution of potassium sulphide to diffuse into the metallic solution in the 
tube, and thereby produce a precipitate of metallic sulphide, which is then reduced to 
metsl in the bapUlary fissure.** S^imilar reactions may take place in tom organic 
tissues. 

When a saturated solution of ammonium fluoride is separated by parchment-paper 
or a collodion film fron^ a saturated solution of calcium chloride, the partition be- 
comes covered on the side o^ the latter solution with minute crystals of calcium- 
fluoride, having rounded edges and exhibiting the properties of hyalophane. When the 
liquids scpan\tod by the collodion film are cupric nitrate and poUissium aluminate. 
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^pric aluminate is dep^ited on the side of the latter, in blue ciystals apparently 
derived from a sqwe pism, mixed with crystals of cupric hydrate. If the alumina 
be replaced by silica, the compound CttO.SiO*+ 211*0 is formed, which occurs amor> 
phous as a natural miooraJ, called mountii^a greets or oapper grten^ The artificial 
crystals app^ to consist of oblique prisms and exhibit double^rofraction. The 
silicates of zinc, iron, lead,.&c., may bo obtained similar methoA ; also artificial 
spinel (magnesium alumiimte) (B^cquerel, Compt, rend. Ixxviii. 1081). * 

When a test-tube having a crack in the direction wf its length (2«</ Suppl, 449) is 
filled with a strong solution of cupric nitrate, and placed within another tube con- 
taining a strong solution of lead oxide in potash, no reduction of copper ^ikes place ; 
but on passing the current of a single Buusen*s or Daniell's coll through the apparatus, 
the positive copper electrode being immersed ii^the copper solution, and the nogativo 
platinum oleccn^o in the lead solution, metallic copptjr is deriosittMl after a while on 
tha side of the crack in contact with the copper solution, and Ic;Ld peroxide on the 
other side* The nitric acid has therefore combined with tho pohish, and tlie liberated 
oxygon has raised the lead to a higher state of oxidation. The reaction is tho sumo 
as if tho two liquids liad been connected by a platinum wire, tlio crack, in fact, acting 
like a metallic conductor. Even before the deposition of the metallic copper and load 
peroxide, ^drogen and oxygen, proceeding from tho decomposition of water, are 
evolved on the two sides of the crack, the evolution of gas becoming more rapid as 
tho deposit of copper increases and forms an iiitermodiato conductor. All surfiicos 
covered with conducting liquids, and haviifg a ciipillary layer in close adherence to 
them, act in the same manner ns tho crack. A similar but somewhat sUiwor action 
takes place in tho other modifications M tho electro-capillary apparatus already 
described {2nd Snppl. 449). 

Tho electro- capillary apparatus acts with much greater energy when the two 
liquids separated by the crack are connected together by a syphon -shiped non- 
capiXary tube, through which a wick of asbestos is passed. Tho liquids which rise 
by capillary action into the two halves of this wick then come into contact in larger 
quantity, aud act chemically on one another, the motoliic solut ion developing positive, 
the alkaline solution negative electricity, and the circuit lacing complotod through the 
<yack in the glass (Becquerol, Compt. rend. Ixx^v. 1310). » 

Boequ Orel estimates the electromotive fon^eof an electro-capillary conpio as usually 
equal to throo-foorths of that of a Dauiell coll ; in one case it was found to be five- 
sixths {ibid. Ixxvi. 245). # »-• # ^ 

When a metiil plate coated with a moist prccipibite, mehillic or noii-mot^illic, is 
fixed between two gloss plates, to prevent evaporation of moisture, tho metal is oxidised 
at the oxptmse of water which is decomposed, and yields negative, while the liquid 
yiedds positive electricity,- -each granule of the precipitate snrroinnled by liquid acting, 
indeed, like a solid conducting hotly, and setting up an chH-tro-choritiml fiction. A 
zinc plato and lead chromate rnoisteinxl with water yield, after some time, basic load 
chromate more or less crystalline, and zinc elironinto. Iron instead of zinc, yields, in 
place of the latter salt, ferric and forroso-feiric oxide mixed with ferrous eliruniate 
and leacl chromate. WJieii a satursted solution of copper nitrate is separated by 
parchment, paper from a solution o^potassium oxalate, a crystalline deposit of j^fitassio- 
cupric oxalate is formed on tho sido of tho paper in conbict with the latter, wliile 
potassium nitmte passes into the C(Jp}jer .solution. • • 

Gypsum, kept for a number of yeaj's under a soliitioii of poUissium carb<jnato, 
becomes covered witli a crust of crystallised arragoriito, formed bv the action of 
electro-capillary currents, wliich are always proilucod when a solhl tMK\y isfilaccd in 
contact with a liquid capable of act ing chonii^illy up<jn it (Bccquercl, loc. Ht.) 

When a solution of potaasium dichroinatt placed on one side of tho cnick of 
tlio olectro-capillaiy apparatus, and a solution of leifii nitrate on tho other, slight 
iiidi(»tions of a current are observed after a few days, and a very small deposit of 
lead chromate is formed on the side of the lead solution. L<?iid nitrate and potassium 
J^nlphaCb give a ver^feoblo current, but no precipitate. Other solutions give stronger 
^ currents, but still no precipitates. When sulphuric acid ten times diluted is thus 
separated from sodium carbonate, only a few giw- bubbles aro observed after a Cfm- 
siderable time, although the current of a voltaic co^lo easily passes through tha 
crack. In all these cases the chemical and capilhury a^nities in the epteh app«^ar to 
balance each other (Becquerol,* foe. cit.) 

When the electro-capillaiy current is stfengthenod by a current of eight DanioU's 
cells direct^ the same way, the following effects are observed : With a solution of 
alkaline sulphide on the outside of the eloctro-capillanf tubo, solution of chromotm 
chloride gives a crystalline precipitate of hydrated chr^oso-chromic oxide. Ferric 
chloride gives in like manner a hydrated sesquisnlphidc of iron. Bismuth chloride 
gives n precipitate of bismuth sulphide. Lead acetate yields shining metallic lead. 
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Cupric nitrate gives shining metallic copper cn the native, and crysfalline copper 
sulphide on the positive side. Silver nitrate ^elds a precipitate of silver sulphide. 
With ziuc chloride and aurous chloride no reaction takee place (Becqtterel, Gonipt* rend^ 
Ixzix. 128). ^ 

When a platinum plate perforated with numerous small holes is laid on each side 
of the porous diaphragm of an i^lectro-capillary Apparatus, and the two plates are 
chnnected with the wires of a veiy delicate galvaaometer, this instrument gives no 
indication of a current, whence^ Becquerel infers that the current which would other- 
wise be manifested is neutralised by the electro-capillary current. When, however, 
the negative plate is connected with the negative pole, and the positive plate with the 
positive pole of a Paniell's cell, the two electro-chemical actions act in the same 
direction, and a current is produced. ^ 

When an electro-capillary apparatus is filled on both sides with a solution of 
cupric nitrate, a copper plate connected with the positive pole of a voltaic couple 
being immersed in the liquid on one side, and a platinum plate connected with the 
negative pole on the other side, no precipitate of copper is formed on the positive side 
of the diaphragm so long as there are no traces of copper present on that side, because 
in that case no electro-capillary current is excited ; but if a little copper has been 
previously deposited on the diaphragm the deposit increases rapidly. Similar effects 
may be obtained with two liquids as already described (p. 715), 

If the sodium sulphide be replaced by caustic potash, and a plate of lead be 
immersed in the liquid as negative electrode, while lead nitrate is present on the 
positive side, there arc formed on the neg^ive side of the partition a lead-tree and 
load oxide, which latter occurs alo'neii the reaction is not assisted by a voltaic battery. 
Cupric nitrate, with or without the battery-current, yields nothing but blue, crys- 
tallised, double-refracting cupric oxide ; and if the caustic potash be replaced by the 
neutral of- acid carbonate, hydrated cupric carbonate is formed possessing the same 
properties (Becqnorel, ConipL rtind. Ixxix. 585). 

When a strong solution of potassium hydroxide is separated from nitric acid by a 
spiral roll of parchment paper through which a platinum wire is inserted, an oxygen- 
couple is formed, inasmuch as oxygen is evolved on the wire which is in contact with 
the potaslf,* and nitrogen tetroxide on the other. If the nitric acid ho replaced by one 
of the chlorides of iron, or by pobissium chloride or cuprous chloride, continuous 
evolution of gas takes place in a few hours on the portion of the wire immersed in the 
potash. Wt. h chromous chloride, sulj^huric acid, and nitric acid, a scarcely perceptible 
evolution of gas takes place {loc. cit.) 

W’ith platimim-spoiigo more or loss strongly pressed, as a partition, calcium fluoride 
is product from solutions of calcium chloricle and ammonium fluoride. When sodium 
sulphide and tptric acid are the reacting liquids, the oxygen unites partly with the 
sulphur, partly with the sodium of the former, and nitrogen tetroxide is set free (loc. 
cU,) 

ElecVro-capillary effects are very much weakened by dilution of the liquids. A 
solution of cupric nitrate fifty times diluted no longer yields metallic copper with a 
saturatcKl solution of an alkaline sulphide, but only cupric chloride [? sulphide] 
(loc. dt.) *- 

When a dilute acid solution and a dilute basic solution are separated by a dia- 
phragm of cartlifsnw’are, parcnment-paik?r, aninicU membrane, or cracked glass, an 
electromotive force is set up wliich gradually increases — in the case of nitric acid and 
potash, for example, attaining 1 J times its initial force within two days, while other 
conibinaCioiis* exhibit a slower incroivso. As concentrated solutions do not exhibit this 
gradual increase of pow’cr, it is probablj^ due to a cjipillary attraction between the 
porous partition and the substances dissolved in the water, which gives rise to a 
thicker depo.sition of these substances within tlio pores of the partition, and consc- 
quonUy to hicrefaod electromotive excitation. Dilute' salt-solutions exhibit the same 
effe^, but less powerfully (Bocquerel, Compt. rend. Ixxii. 1407)., * 

fWm a comparison of the electrical and chemical effects which take pla^ in thr\ 
contact of arterial and venous hlood with those observed in the electro-capillary 
apparatus, Becquerel thinks it may bo inferred that tlie exciting cause in the two 
cases is the same, and that the capillary system in the animal organism is made up 
of constant eloctro-capillary alomunts. The consUincy. of the current required for the 
regular production of haeinatin is iusnr^ by the circumstiineo that this compound 
continuiilly takes from the arterial blood-corpuscles the oxygen which tlury carry 
■with them, and transfers it to the inner walls of the capillary veins, which are 
positive, the oxygen thus transferred serving to oxidise the carbonifei’ous and other 
bMies which jKaietrato the walls of the vwsels {Compt. rend. Ixxxv. 1310). The 
experiments above mentioned (p. 716) in which reduction of coppcT in a capillai^ 
fissure is effocted by tlie aid of a voltaic current, under ciKumatunces in which it 
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would not otherwise have taken place, may throw some light on the action of a oon- 
Btant current on a muscle {loe, cit) 

Function of Water in Chemical Actions . — Beoquerel (Comfft. rend, Ixzrii. 
84, 1130]) has investigated the function of #ater in the mixing of saline solutions by 
determining the electromotive forces between water and saline ^solutions in the 
electro-capilif^y apparatus. Th# electromotive 4»rce between tbe/solutions of two 
neutial salts is always equal to the difference between the electromotive forces of the 
individual salts towards water. The two latter forots afford evidence of the chemical 
action of water on the salts ; and the equality of their difference to the force resulting 
from the direct action of the two salts on each other shows that the^rater in the 
solution of one salt exerts upon another salt, an action equal in amount to that which 
the water in the solution of the second salt e:^rt8 u^n the first. Between a base 
and an acid, on the other hand, this law does not hold good, the action between the 
base and acid being considerably leas than that of water on the two. Hence it may 
bo inferred that when the solutions of two neutral salts are mixed, the formation of 
hydrates precedes the occurrence of double decomposition. The same is the case in 
the mixture of a basic solution with an acid, in which, however, direct double decom< 
position likewise takes place. 

Becquerel has further determined the increase of electromotive force of aqueous 
solutions of sulphuric anhydride and potassium oxide towards distilled water, conse- 
quent on the entrance of 1 mol. more of water into the solution. The proportion 
between the electromotive force of any one hydrate and that of another containing 
1 mo], water in addition diminishes as the totiil amount of water increase.**, but 
approaches indefinitely to a fixed limit.* In tlie reaction between an acid and an 
alkaline solution containing equal numbers of water-molecules, the oloctromotivo force 
stands to that of solutions of the same substances containing one additional molecule 
of water, nearly in the same ratio, which, liowever, diminishes slightly as jhe amount 
of ^ter increases. 

When double decomposition takes place between two salts, as smlium sulpjiido 
and cupric nitrate, no current is obtained if water-electrodes (iffra) are employed, 
because the electric effects of the two decompositions and combinations are of (Kmal 
galue and opposite sign. If, tlierefore, wo kvow the electromotive fopce*of Na*S to 
and that of Na=^ towards the solution of any metallic salt, that of the salt to 
water may bo calculated thcrtdi’om. Expres.sed in hundredths of the electromotive 
force of a zinc-cadmium couple, that of Na^ Uj AuCl =» 462; to 3fiCl* *= 409; 
to hVCI« - 384 ; to ZnCP - 319 ; toI*tCl* - 319 ; to Pb(NO»)« « 317 ; to IHO « 
268. In an electro-capillary apmratus the electromotive force of water to a solution 
of sodium sulphide increases with increasing concentration in such a manner that, ns 
the quantity of anhydrous salt in 100 c.c. increases from 0’50 to 6’77 grams, the 
electromotive force rises from 200 to 222. On adding to 60 c.c. of distill^ water a single 
drop of a solution containing 0T3 grm. anhydrous salt in I c.c. a solution is obtained 
which exhibits towards pure winter an electromotive force *= 146 (Becquertfi, Compt, 
rend. Ixxxi. 803). 

In the same way it may be shoui* that double decom^sition takes place between 
the white and yolk of egg, and between arterial blood and e;ich of these substances. 

Becquerel has also determined the electromotive, forces l^etwoon the following 
substances : ’ " ^ 

SoiTcl-juico apjj Lemon-juice ™ 62*6 
Egg-yolk •• 38'6 
„ Grape-juice « 47'*'5 
Lem on -juice and Eg^yolk » 10 
.» Egg-white 61 

Grape-juice and £^-white «= 19*6 

In the several combinations, these organic bodies follow the same laws as* saline 
*s61utio3s (Becquerel; ibid. Ixxxi. 849). 

The electromotive force between salt-solutions, or between solutions of acid and 
alkali, may be measured independently of the formation of hydrates {svpra) by moans 
of water-oloctrodes — that is to say, cracked glass tubes filled with distilled water and 
each containing a depolarised strip of gold or platinjun^ When tubes , thus prepared 
are immersed m two solutions separate by a partition ^ving a q||>illary fissure, the 
hydrate-fonnatioiMi taking place in both diPectioos within this cracx neutralise those 
which take place in the cracks in the two electrodes, and the desired action between 
the two solutions may therefore be observed without interference. Determinations 
of the electromotive* force of K*0.6H*0 towards H»SCM with 1, 2, 6, 12, 24, 48, and 
96 mol. water, show that this force increases up to 6H*0, and then continually 
diminishes, but always at a decreasing rate (Becquerel, ibid. Ixxviii. 89). 
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The mean valnos of the electromotive forces thus determined for the reactions 
of K*0 with SO* and are for the former » 0-32 and for the latter =* 0'88 of 
the electromotive power of the Zn — Od couple excited by solution of cadmium sulphate 
\ibiA, 1169). • 

Eelation b^ween Electro^eapillary Action and Endosmose, — In oider 
that one or the other or both of tjieae effects mayd>e produced between two liquids, 
the following conditions must bo fulfilled: 1. Tlje two liquids caj^ble of acting 
chemically on one another must be separated by a permeable partition, which may 
be either organic or inorganic. 2. Electro-capillary currents are produced only when 
the permeability of the partition is not great enough to admit of diffusion or filtration, 
ns in that ^se precipitates, crystalline or amorphous, would be formed by double 
decomposition. 3. The permeability must bo due to a capillary action sufficient to 
bring the two liquids in contact, and therefore to enable them to react chemically, 
whence arises a development of electricity sufficient to produce along the ludes of the 
pores an electro-capillary current capable of effecting electro- chemical decomposition. 
If the pores are so small that all the liquid which enters them can be electro-chemically 
decomposed, no endosmose or diffusion takes place. 4. If the pores are larger, part 
of the solution which enters them remains undecomposed and diffuses to the other 
side, its passage being accelerated by the mechanical propelling action of |he electro- 
chemical current. 5. In living organisms the conditions for the development of 
electro-capillary currents appear to bo completely satisfied ; for no double decomposi- 
tions take place which can bo referred to diffiision. 6. The intensity of the electro- 
capillary current depends on the chemical attraction between the liquids and on the 
size of the pores, the diameter of which shOuld bo such that all the electricity pro- 
duced by the contact of the liquids may be utilised for the production of the current. 
The liquids must bo conductors of electricity, and the partitions must not bo altered 
by them e’ dier physically or chemically (Becquerel, Compt. rend, Ixxx. 411). 

Wiedemann showed, some years ago (Pogg^ Ann, Ixxxvii. 211), that the quantities 
of liquid carried by electrical osmose through a porous diaphragm in equal times are, 
ctBitria paribus, proportional to the strength of the current. This law has been con- 
firmed by W. Engelmann {^Arckiv, nkerl, ix, 332), who has further shown that the 
coefficient '*of permeability, i,e, the qq^ntity of liquid passing through in a unit 
time, depends in groat measure on the nature of the diaphragm, being much smaller 
for vegetable and animal membranes, which become drenched with liquid, than for 
porous earth*. Ti ware ; greater, on the o'-her hand, for moist than for dry tissues. 

SlQOtvlo Conduotton and Itealstanoe. Tempora/ry Alteration of 
Electric Conductivity by Extension. — This effect has been examined by H. Tomlinson 
{Proc. Eoy. Soc. xxv. 461), who finds that the increase of electrical resistance in a 
metallic rtxl (expressed in fractions of the whole) produced by stretching is exactly pro- 
}iurtioiial to the stretching force, and that, after deducting the increase of resistance 
duo to the more lengthening of the rod, and to the diminution of the transverse section 
of the path of the current, there still remains a positive increase of resistance, which 
is greatest in iron and least in brass. This part of the increase must therefore bo 
due to the fact that the extension has increased the distances between the particles of 
tho metal in the direction iu which the electricity i.^ moving. 

Effect of Motion. — Edluu<i(Po^5r, A7in, clvi. 261) has shown, by experiments on 
water and dilute alcohol, that tho electric resistance of a moving conductor is less 
in the direction of the motion, and greater in the opposite direction, than in a state of 
rest. 

Lijlnence of Temperature on the Cond^ting Potver of Metals, — Tho electric resist- 
ance of all metals iueroasos with rise of temperature, most strongly in iron and steel. 
In iron, at 180^, it is twice as ^roat ; at 430'=’, four times as great ; and at 860®, nine 
times as great as it is at 0°. In all other metals, Uie corducting power diminishes more 
rapidly with inerfiaso of temperature, in proportion as the melting point is lower. In 
iron aaid palladium the resistance at 0® does not become doubled till the tomperaturo* 
is raised to 450® and 400® respectively, whereas in zinc, cadmium, thallium, and tin, 
it becomes ilnubled between 200® and 230®. In alloys the increase of resistance is 
always less than in the constituent metals (Benoit, Pogg.' Ann, cliii. 411). 

Influence of the Passage of a Current on the Electric Conductivity of Iron and 
Steel. — ^The prolonged passage of a current through iron and steel bars increases their 
resistance slightly (up to 0*001), and more strongly in iron than in steeL The closing 
and interruption of the circuit give rise to the formation of extra currents, showing 
that tho effect depends upon the direction of tho molecular me^ets in these metals 
(Herwig, ibid, 116). Aocordffig to Adams {Proc, Boy. fiSoc.'xxiii. 638), the resistance 
of hard steel is diminished, and that of soft steel and soft iron is increased, by the 
paamgc of a current through the liar. 
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Influe9K>e of Magnetisation, — When a bar of hard steel is placed in the axis of a 
helix of '«ire» and nu^etised hjr the passes of a current through the helix, its 
electric resistance is diimnished nearly in proportion to the square of the strong^ of the 
inducing cnrrent. Wien soft steel or son igon is ma^etisM either longitn£naUy or 
transversely, its resistance increases nearly in proportion to the square of the strength 
of the inducing current ; with vc^ strong currenta however, the indlease of resistance 
is less than it should be according to this law (Aaams, loc, cU,) • 

Influence of Physical State, — Buff {Li^ifs Anmalent cx. 257) found that many 
chemical compounds which in the liquid state are decomposed by the current, are 
capable, when solid, of conducting without decomposition, to a slight ei^nt at ordi- 
naiy temperatures, and in a higher degree when heated to temperatures below their 
melting points : such was found to bo the ca^ with cuprous chloride, potassium di- 
chromato, lead oxide, and lead chloride. OonArsely, compound bodies which are con* 
ductors when solid, become incapable of conducting without decompc»sitioD when 
liquefied. E, Wiedemann, on the other hand (^ogg. Ann. cliv. 318), finds that the 
It^did compounds of lead do not conduct wholly like metals, but are at the same time 
electrolytically decomposed, the amount of such decomposition increasing rapidly with 
rise of temperature. 

F. Brt|un {Pogg, Ann, cliv. IGl) has determined the conductivity of fused salts 
in the neighbourhood of their melting points. Putting the conductivity of mercury at 
0^ equal to 100,000,000, referred to which unit that of the bost-conducting sulphuric 
acid is equal to 7,700, the following numbers are obtained : 


Pba* = 32200 • 

NhNO* - 11475 

AgNO* = 8688 (the same just solidified "= 4120) 

NiiCl - 8660 3, 

KNO* = 6500 

Na^SO* 3680 

SrCl« - 2260 

K*CO» - 2160 

ZnCP ^ 86*9 (the samo^ust solidified ^ 8 ‘68). ^ 


Between the conducting powers of fused salts and tlioso of tin mV aqueous solutions, 
no continuous parallelism appears to exist, '^ho former are of the same order ot 
magnitude as the latter, though in most cases fioiisiderably larger, the oifty conspicuous 
exception being found in zinc chloride. No connection can bo traced between tlie 
galvanic conducting powers of salts and their otlier physical properties. 

Conductivity of Minerals, — Many minorals, especially amoTphous silica, 
exhibit, when an electric current is passed through them, a certain degree of polarisation, 
arising from their being thrown iuto the dielectric state, so that their conductivity is 
both electrolytic and dectrotonic. The effects of these two properties are, pioreover, 
complicated by those due to moisture and heat. Similar phenomena are observed in 
vegetable and animal tissues and in various liquids (Du Moncel, Compt, rend, Ixxxi. 
312, 390, 425). When a current is passed through a pebble hold between copper or 
platinum electrodes, those becom^ polarised, and the pebble itself becomes a source of 
electricity of shorter or longer dui;^tion, according to the duration of the eloctriwition 
and the nature of the body. The reversal of the polarising current gives rise to 
peculiar effects not yet thoroughly inw^stigated (Du Moncel, Compt. rend, Ixxxi. 312 
.390, 425 ; Ixxxii. 39). ^ 

W. Beetz {Pogg. Ann. clviii. 653) determined the condudtin^ power of 
manganese-ores and of various kinds of carbon, with the following results, 
referred to the conductivity of mercury as tfbity : — a 

Nuremberg Bilck of 
' Manganito Pyroluelto Battery Ca^u Graphite 


Specific gravity 
Conductivity* 


4*34 4*66 

(0*0000016 0 000128 

/ 0-0000026 O 000280 


1-47 

0*0017 


2*28 
0 00455 


Honich Rnhmkorff liar of Oarben from 

Retort ooko Carbon^ plate- liiOioeoq’s T«.aip 
f^)ecific gravity , 1*72 . » 1*82 v 1*90 

Conductivity . . 0*0110 0*0138 0*0288 

From experiments by v. Koboll i^PkiL Mag, [4], L 24) it appears that anthra- 
cites and coals which have been subjcctca to tno action of interpenetrating fused 
rocks possess a bigh'degree of conducting power, appnffimating to that of graphite, 
whereas coals which have been deposited without distoxbance, like the Welsh anthra- 
cite, are had conductors at ordinary temperatures, but acqnire considerable conduct- 
ing power when heated to redness. 
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F. Sraun ij^ogg, Ann. cliii. 656} has examined the conducting ^wer of numerous 
‘well-ciystallised metallic sulphides^ both natural and artiBci^f and finds that the 
resistanca which they offer to the passage of the current yaries with its direction, 
intensity, and duration, the variations mnounting sometimes to 30 per cent, of the 
entire value. Different results have, however, been obtained by H. Dufet {Compt, 
rend. Ixxxi. 628)/at least for iron pwites, which, ac(^rding to his observations, con- 
ducts exactly like a metal, its conducting power being independent of the direction of 
the current, and vaiying by at most 1 per cent, acc&ding to its duration. Different 
specimens, on the other hand, exhibit great diversities of conducting power, according 
to their internal structure, and the direction in which they have been cut. 

Conductivitg of Vegetable and Animal Substances , — The electric conduc- 
tivity of various woods nas been e^mined by Du Moncel {Compt, rend, Ixxix. 41, 
110, 164, 296, 356, 691), who finds that it depends almost wholly on the amount of 
water contained in them, and therefoi^ varies with the state of the hygrometer more 
quickly in soft than in hard woods, and in each case agrees approximately with Ohm’s 
law. The experiments, however, exhibited numerous irregularities. By d^ng and 
saturating with paraffin, most woods may be rendered good insulators, their insulating 
power being independent of the hygrometric state of the air. The conductivity of 
mineral substances, especially bricks, is according to their degree o6. porosity, 
strongly influenced by the quantity of moisture in the air ; so likewise is that of tissues. 

In dry air, woollen stuffs are better insulators than silk ; and amongst silk stuffs, 
black silks, especially the more common kinds, acquire, from the various substances 
used as dressings, a very high degree of conducting power {ibid, 763, 945). 

When the electrodes of a battery are pressed from without against the bark of 
Jthamwus Alatemus, a slight deviation of tho needle of a galvanometer included in the 
circuit is observed, diraini.shing a little after a while, but no polarisation of the elec- 
trodes is jfroduced. If, on the other hand, one or both of the electrodes be thrust into 
the stem, both tho current and the polarisation are stronger. Tho human b<fdy, 
after ton minutes* electrisation by moans of electrodes applied externally to the wrists, 
exhibits very strong polarisation currents, and mortification of the skin bonoatli 
the electrodes (Du Moncel, Compi, rend. Ixxxiii. 1236). 

Etectric Resistance of Selenium . — the electric resistance of this body is consider- 
ably diminished by exposure to light, the actinic rays of the spectrum producing tlie 
least, the red^and ultra-rod rays the ,^'neatost effect, and the maximum appearing to 
be nearly coincident with tho thermic maximum. This influence of light becomes 
apparent almost instantly after irradiation ; but on removing tho light, the electric 
resistance rises its normal amount, but at a slower rate (Sale, Proc. Roy. Soc. xxi. 
283). 

The increase bf tho electric conductivity of selenium thus produced, is attributed 
by Sale entirely to the influence of light, independently of the heat by which it may 
be accompanied, although the experiments of Hittorf seem to shovr that the conductivity 
is increased by heat alone {Liebig's Annalen, Ixxziv, 214), Willoughby Smith {Deut, 
Chem. Ges. Ber. vi. 204) also finds that the electric conductivity of selenium is in- 
creased by lamp and candle light, even when the rays have previously passed through 
coloured glass, and hence infers that the effect is independent of the influence of 
heat. The same view is takcnH>y the Earl of Hoste {FkU, Mag, [4], xliv. 161), who 
has further shown that the effect of the light varies in the inverse ratio, not of the 
8(}uar6, but of the first power of the distance from the source of light, and therefore 
directly at the ^square root of the luminous intensity ; also that in a moist atmosphere 
the of the light is much weaker, aed often actually diminishes after prolonged 

expoeuTo. ,, 

The influence of light on the electric resistance of selenium has been further 
examined by W. Adams (JProc. Roy. Soc. xxiii. 636; xxiv. 163). Preliminary 
experiments showed that the resistance of selenium which has not been exposed to 
light, increases slowly and regularly in consequence of the heat developed 4>y the * \ 
current, but diminishes, on the other hand, as the strength of the current is increased. 
Rise of temperature increases tho resistance of selenium nc^t exposed to light ; exposure 
to light diminishes it, but after removal of the light, the resistance returns to its 
former amount^ Exposure to fhll, daylight may diminish the resistance by about one- 
fourdi of its entire amount. £y the use of absorbing media, it was found that the 
dark heat-rays and the chemical rays (yiol^ and ultra-violet) have very little influence, 
but that the effect increases with tne intensity of the light, and therefore attains its 
maximum in the green part of the spectrum. The flame of a Bunsen burner, in its 
ordinary state, has but very l%Ie effect, but, when rendered luminous by shutting the 
air-holos, it diminishes tho resistance by one-fourth. The flame of an^ o^inazy wax 
candle, liaving only the in^nsity of tho bright Bunsen flame, diminished the 
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iwstaiwo by A; the light of the full mooa by A. Further ezperimente with the 
upfht of A candle and of an Argand lamp showed that the diminution of resistance is 
directly proportional to the square root of the intensity of the light. 

Exrosure of selenium to light excited* and maintains an electrio current. Of 
three lumps of selenium examined, two showed this effect, while ethe third did not. 
The sensitiTeness of light is, mAoorer, different mn different parts lOf the same lump. 

In general, the current passes fnsm the less to the more strongly illuminated portidn ; 
tlie direction may, howerer, be reversed in conAquence of accidentAl molecular 
peculiarities. The effect does not appear to depend on thermo>electricity.^ When a 
weak ciUTent was passed through pieces of selenium having but little resisting power, 
the remstonce was increased by illumination of the end where the current entered, 
and diminished b)r illuminating that at whlqli it wont out. In sticks of selenium 
having groat resisting power, this power was ^waya diminished by illumination ; and 
the 8^6^ effect was observed in lumps in which no current could be excited by 
illumination alone. These irregularities (and those observed by Siemens, if^fra') 
may, for the most part, be explained on the supposition that in the cooling of fUsed 
selenium, the outermost layers, which cool most quickly, have no time to assume the 
ciystalline structure, like those in the interior. Mxposure to light favours the 
development of this structure, and thereby gives rise, not only to increased conducting 
power, but also to a prolonged molecular transposition, which shows itself, under 
certain circumstances, in the form of a current. 

The indueoce of heat on the electric conductivity of selenium has been specially 
studied by W. Siemens Ann, cMx. 117). Selenium, ns well as tellurium and 

carbon, exhibits the property opposite tM tlmt of metallic conductors — of conductii^ 
electricity better at higher than at lower temperatures. It does not, however, retain 
this property at all temperatures, but loses it by prolonged heating at 200°, and then 
behaves to electricity like a metal, that is to say, its conductivity is dTcreasod by 
co<ding. This metallic condition of selenium, brought into the crystalline from die 
amorphous state by heat, is not however stable ; but, during and after cooling, slowly 
returns to the condition of selenium which has ci^’stallised at lower temperatures, in 
which state it conducts no loni^r like a metal, but like an electrolyte. A certain 
portion of the metallically conducting selemum remains, however, dissolved in the 
latter modidcation, its quantity being grater or smaller according to the temperature 
to which it has been cooled. Hence it appears probable that solid solouium, whoa 
heated for some time to 200°, is converted into'V third allotropic modihcjitioxi, which 
is stabfe only at that temperature, and would be reconverted at lower temperatures 
into the eloctrolytically conducting modification, were it not that it is dissolved in and 
combined with the latter. Hence also may be explained the occuri'ence of a turning 
point, beyond which the metallic conduction passes into that whiph resembles the 
electrolytic (in being greater at high than at low temperatures), as well as the lower- 
ing of this point by time and by fall of tempeniturc. The following ore the tempera- 
tures and galvanometer deflections observed at intervals of five minutes wbe:^ u steatit<a 
crucible containing a block of selenium was placed in a paraffin bath at 280° : 

Time after immersion . . 5 10 10 20 minutes. 

Temperature of the Seleniuni . 80° 162® 200° 216® 

Deflection (a) . . . 0. 870 > 1620 120 

As the selenium began to fuse (at ^17°) the deflection fell to 70°, and the fused 
selenium became hotter, first quickly, then more slowly to 300°. 

An essential part of the electric icsistanco of selenium appears to haVe its seat 
in the layers bordering on the conducting fices, and these bo^cr-layors appear to be 
eloctrolytically altered by the current, the metallic selenium being, perhaps, separated 
from the crystalline, and thereby i>ermaneDUy' or transiently converted into the crys- 
talline or the amorphous variety. Hence arise apparently contradictoiy relations of 
the conductivity, according to the quicker or slower cooling of the seleniutp, 
according to the direction of the current. See further Adams ^swpra). 

The alterations of conductivity produced by heat and light in the various modifica- 
tions of selemum have been examined by H. N. Draper and B. J. Moss {Chem. 
A'stcs, zxxiii. 1). Amorphous vitreous selenium does not conduct even in very ^in 
layers, and in ^is state it becomes electric by frictiou. Am the selenium passes into 
the granular state, the conducting power increases proportionally to the temperature, 
but at the melting point (217°) it sudcf'-nly undezgoes a great diminution; th« 
minimum is found at 250°. When amorphous selenium, produced by rapid cooling 
of the fused granular modification, is quickly heated, it^^begins to conduct the current . 
between 166° and *176®, and with continually greater £cility as the temperature 
approaches the boiling point of selenium. Dniper Idoss have prepared three 
modifications of granular selenium. The first is a nqii-oonduetor and does not acquire 
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conducting power eren on exposure to light ; the second conducts moderately well, 
and is not sensitive to light ; the third, intermediate between the other two, conducts 
moderately well, and is very sensitive to light, its conductivity in flat sticks being 
increased 75 to 100 per cent, by direct ii^lation, and 10 to 60 per cent, by exposure 
to artificial lights One form of granular selenium exhibited an increase of electric 
conductivity with rise of temperatuf e ; another exhiliited a decrease, behaving in that 
reject like a metal. c 

Tellurium does not exhibit? any alteration of conducting power on exposure to 
light, but its resistance is diminished by heating, and in a greater degree after it has 
been left for<some time in an unwarm^ place (Adams, "Broc.^oy, xxiv. 163). 
Exner {Bogg, Ann. clviii. 625), on heating a bar of tellurium, observed at first a slight 
increase of its electric resistance, cont^uing up to the temperature of 90^ (in other 
bars to about 245°), then a steady diminution up to the highest temperature tried, 
viz. 200°. As the bar cooled, the resistance increased steadily and very considerably, 
so that at the temperature of the room it was five or six times as great as at the 
beginning of the experiment. Repeated heatings showed that the final resistance 
after cooling had always diminished when the time of cooling was less than in the 
experiment immediately preceding, and had increased in the contrary case. The 
greater the diiference in the time of cooling, the greater in general was th^ alteration 
of conducting power. The cause of these effects appears to be that between 110° and 
60°, the hot amorphous tellurium passes by a molecular transformation, which takes 
some time to complete, into slowly conducting crystalline tellurium. The conducting 
power of tellurium for two bars (I, and II.l, obtained by fusion, was found to be as 
follows (silver = 100) : v 

At 200° I. 0 00351 II. 0*00.310 

J after fusion ... I. 0*00286 II. 0*00298 

J after slowest cooling . I. 0*00435 II- 0*00437 

ConducHHty of Glass. — W. Beetz (Bogy, Ann. 1874, .Tubelband 23-32) has 
determined the electric and thermic conducting powers of three kinds of glass of 
known composition. The results are given in the following table ; 


f. 


K 

1 

Spec{6o 

ffravity 

3 

ResifltAtiro 
ot :w()° in 
mill. Q. E. 

4 


Mcltfnp 

fioint 

Time of 
discharg- 
ing the 
3;inc- elec- 
tron leter 1 

j 

Heat 

conducting 

power 

I. White French mirror glass. 

i 2*544 

1110° 

17746 

152 * 

i 0'()4523 

IT. Bottle-green glass . . ; 

2*540 

1080° 

6262 

36 

0*04456 

III. Heavy lead-glass . . j 

4*701 

700° 

66010 

0 

0*04373 


These numbers^^how that the specific conducting power of the glasses for statical 
electricity, given under 4, bears no relation to the electrolytic conductivity under 3. 
Lead-glass is, at ordinary temperatures, the bfest conductor of the three, while as an 
electrolyte it is by far the worst. The specific conducting power is greatest in the 
glass which contains the largest amount gf metal ; the other two, which resemble one 
an($liher more nearly in composition, ar^ likewise more nearly equal in insulating 
power. The results show that, contrary to the law laid down by Wiedemann a. 
Franz (Phil. May. [4), vii. 33 ; Jahresh.f. Chem, 1853, 92), the electric and thermic 
conductivities of the three glasses do not follow the same law. The most easily fusible 
glass Moes not become a conductor even at the lowest temx>erature. 

W. Whitehmiso {Chem. NewSf xxxi. 265) has determined the electric conductivity 
of glass (not analysed) of different temperatures. A gla{is tube 3| inches long, | inch 
in external diameter, and 0*01 inch thick in the walls, surrounded, inside and out, by 
mercury, into, which the electrodes dipped, gave the following resistances w, in 
Ohmad: 0 , at 0. ; 

« t 165° 186° il0° 266° 270° 300° 

10 « 220500 100*000 69000 22600 9000 6800 

jr. Peny (Free. Boy. Soc.^xxiii. 468) has investigated the electric conductivity of 
glass, chiefly with reference to its use in electrometric apparatus. Flint glass was 
found to be best adapted for the purpose. The dependence of the conductivity on the 
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temperature is apptoximatoly represented by the formula in which c denotes 

the electric coz^uctirity at 74-4®, C that at 74*4 + and o«> 1027. 

In connection with these results, Thomson (Proc, iTSoy. Soc, xxiii. 463) has 
examined the electric conductivity of heated glass oy laying g jplate of flat glass 
between a zinc and a copper piate, and measur^g the charge acquired by tliese two 
plates. At temperatures froip about 63® upwards, these charges were already as 
great as with liquid electrolytes, but required fo« their development a certain time, 
shorter as the temperature was higher. Between 100® and 120®, the Anal charge 
was somewhat smaller. Br>th the metal plates were found, alter rhe experiments, to 
be thickly oxidised on the side next the glass, and the glass plate it^self was clouded. 
Three smoother plates, on the oontrary, exhibited no sigTi of decomposition. 

Cemductiifi/y of Water (Kohlraiisch, Ann, Kiganzurgsband viii. 1 ; clix. 

233). — ^Tho conducting power of water is extremely sensitive to the smallest quantities 
of admixed substances, being for tlie most part increased tlieroby. The minimum con* 
ductivit^ k (referred to mercuiy ns the unit) of water purified with the most minute 
precautions, was found to be represented by the equation, 

k X 10*® - 0 72. 

By morevtandJng of the water in a platinum dish under a closely-fitting glass bell- 
jar, the conductivity was raised to double that amount in 6 hours, to 6 times in 20 
hours, and to 40 timc.s in 44 days. 

Alcohol ^vo k X ]0'*“0*34 ; ether, 0*01 ; stannic ch J o ride, SnCl*. gave 0*02 
as a superior limit. . ^ 

Conductivity of Adda. — Fr<.>iii ex^riments by Grotrinn (/*(>////. cli. 378) it 
appears that the conducting power of Butpimric acid (JSO*Ji'‘) between ami 70® 
and in ^ueons solutions of 5 to 10 per cent., may he very nearly nq:^‘.Nt!nted l>y a 
parabolic formula with three constuutH (// + 6/ -r ivhich iheinselyes depend in like 
manner on the percentage of aci«l. For hydrocliloric ueid of spocific gravity 1*03 to 
1*06, and for temperatures from 0^ to 33®, linear IVtrmiihe arc mifficieiit. Tli« 
numerical results agree within 1 per cent. <jf tlnwe <il)tainiHl by Kohlrousdi ii, Nip- 
poldt (Is^ Suppl. 664). A* every temper.itura there exists a maximum of^conductivity 
• fora certain percentage acid, gperiU-r as tti© temperature is higher, vi>;, from 30*2 
to 3d‘4 per cent, betweaii 0® and 7b®.' U y droc h 1 or i c acid exldbits smaller 
dififerences in the opposite direction. Aecordqjg to Kohlruusch a. Grfj^riaii {ibid. cJiv. 

1, 216), nitric acid behuves with regard to temperature like Hulpliurie acid, and 
exhibits a maximum of conductivity for 29*(t jwr cent, at 0®, and for 30*2 per cent, at 
40®. The relation between the tem|)eraturo-cocflieients and the amount of acid 
present cannot, however, in this case, bo represented by a imrabolic* formula. 

Further experiments by Koldruusch {Votfg, Ann. clix, 233) on* the electric con- 
ductivity of these and other acids, have yields the results c<mtjiined in tlie tbllowing 
table. The first column gives the quantity of acid in 100 parts of tj^ie aqueous 
solution ; the second column the specific gravity at 1 6® for phosphoric acid and the 
haloid acids; at 18® for the rest; the third column shows the conducting power (K.) 
of the aqueous acid at 18° (mereury «»1), multiplied by 10*: tlioroforo K**Ar„.10*; 

the fourth the increment of K for 1® C, divided by A:,- : therefore A w 


Solution 

• 

K- 

1 


M 


A 

» 

H>SO* 

? 1 

Sulphuric Acid. 

75 

80 

1*6734 
, 1*7320 

1421 

1032 

^1 

.749 

1 



429 

0*0112 

84 

— 

916 

369 

2*6 

1 0161 

1020 • 

115 

85 

1*7827 

a916 

366 

6 

1*0331 

1062 

121 

90 

1*8167 

1005 

,320 

ifl 

1*0673 

3666 

1*28 

92 

— 

1030 

296 

16 

1*1036 

6084 

136 

96 

1*8368 

958 

279 

20 

1*1414 

61(% 

145 

97 

1 8390 

760 

286 

26 

M8«7 

6710 

164 

99*4 

1 '8354 

80 

90400 

1 30 

1*2207 

6912. 

162 

• ; 

•> 

> 


1 36 i 

1*2625 

6776 

170 

HBr 

Hydrobromic i 

Icid. 

40 

46 

50 

66 

1*3066 
1*3508 
1*3984 
1*4487 ' 

6361 

6766 

6056 

4280 

178 

186 

193 

201 

5 

10 

16 

1*0322 

1*0669 

^1042 

1789 

3327 

4630 

0*0163 

0*0168 

0*0161 

60 

66 

1*6019 

1-6677 

3487 

2722 

213 

230 

HI 

H 

^ I 

irdriodic Add. 


1-6146 

2016 

266 


1 0370 

1249 

0*0168 1 


6 a 2 
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Solution ' 

- 5 

K 

a 

HCl 

Hydrochloric A 

f 

cid. 

6 

1-0242 

3693 

#•01 59 

10 

1-0490 

5902 

167 

15 

1-(J744 

6980 

156 

20 

1-1001 

7132 

165 

25 

1-1262 

6767 

154 

30 

1-1524 

6200 ^ 

163 

35 

1-1775 

5535 

0*0162 

40 

1-2007 

4826 

— 

H»PO< 

Ph 

osphoric At 

sid. 

5 

10270 

292 

" 0*0100 

10 

1-0548 

531 

104^ 

15 

1*0841 

767 

109 

20 

1-1151 

1050 

114 

26 

1*1472 

1315 

121 

30 

1*1808 

1661 

130 

35 

1*2160 

1742 

140 

40 

1-2830 

1884 

160 

45 

-1*2021 

1966 

161 

50 

1*3328 

1943 

174 

55 

1*3751 

1852 

m 

60 

1*4208 

1717 

2b7 

65 

1*4674 

1546 

229 

70 

1^61 65 

1346 ' 

252 

75 

1*6660 

1132, 

299 

80 

1*6192 

917 

309 

85 

1*0,63 

730 

36C 

87 

1*7001 

663 

0*0372 


1 

Dxalic Ack 

1. 

3-5 

1016C 

476 

0*0142 

7*0 

1*0326 

734 

00i44 


S 

^SoluUon 

i 

K 

A 



r J 

Icetic Acid 



0*3 



2*08 




1 

— 

6*48 

— 


6 

1*0058 

11*47 

0*0163 


10 

1*0133 

’ 14*30 

169 


16 

1*0195 

16*18 

174 


20 

1*0257 

16*04 

179 


25 

1*0326 

14-24 

182 


30 

1-0393 

13*12 

186 


35 

1*0445 

11*72 

191 


40 

1*0496 

10*13 

196 


45 

1 0660 

8*40 

194 


50 

1*0600 

6*93 

^ 194 


55 

1*0630 

5*52 

200 


60 

1*0656 

4*28 

206 


65 

1-0678 

3-17 

209 


C * 70 

1-0685 

2*20 

0*0210 


^ 76 

1-0693 

1*37 

0-0210 


$0 

1-0600 

0*76 

210 


99*7 

1-0485 

0*0004 

0*0210 


C«H«0* 

1 

‘artaric Aci( 

1. ' 


5 

1-0216 

66*2 

0*0186 


10 

1*0454 

76*3 

191 


15 

1*0695 

87*9 

190 


20 

1*0060 

93-4 

187 


•25 

1-1211 

93*9 

192 



1*1484 

90*3 

200 


35 

1*1763 

83*2 

210 


40 

1*2064 

73*7 

223 


45 

1*2360 

62*2 

242 


• 50 

1-2672 

40*9 

00265 


These nxiinbeTS, together with the facts previously established by Kohlrausch and 
Grotrian (p. 723), lead to the following conclusions. 

All ados which have been examined in etrong aoluiions exhibit, for 0 certain proper ~ 
iion of admixture with water, a maximum of conducting power. The acid character of 
a li^id by no means favours its conducting power, 

jEo simple chemical compouTtd yet examined is a oood conductor in the Uguid state, 
but becomes so only when mixed with another, water for example. 

The cOaduQting power of sulphuric acid, reckoning from 0 per cent, of acid (pure 
water) to the anhydride (SO*), b^ins with a value difMbig but little &om 0*^, ^nd 
endi 'with the same value, exhibiting in the interval, eo far as is yet known, 3 maxima 
and 2 minima, the latter corresponding with the formulae and H*S0MI*0. 

The existence of the hydrate, IPS0^.2H'*O, is not indicitted by the hutubers obtained. 
As the temperature rises, the minima and the later maxima disapp^r. The maxi- 
mum Conductivities of nitric, hydrochloric, and sulphuric aciU dinCr but littl\» from { 
one another} approximate more and more as the temperature rises. 

Ai^ueoiis solutions of HNO*, HCl, HBr,j^d HI haveftfor equal numbers of mole- 
cules in the unit of volume, nearly equal conducting powers : whence, in connection 
with Faraday*i7 law of ^efinitq, electrolytic action, it may be inferred that, in the 
electrolysis of these acids under ix^uence of Mual decom|)Osizig forces, their 
constituents are carried past one another%ith equal relative velocities. 

Since the mixture of two non-conductii^ liquids, as water and acetic acid, pro- 
duces a conductor, it follows J^hat one constituent of the mixture; — the solvent-— pre* 
vents the ions from too fre^ent concurrence, and thereby enables them to travel 
longer distances without repr^uction of the original molecaxes ; or, what comes to the 
same thing, the friction of the electrolytically moving eonatitnents of the componnd 
against the foreign liquid is less than their friction against each other. 
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Bleokrode (JVoc. Soe, xzr. 322) eoAfirms tbo obeezratioos of Kohlzatuoh as 
to the enormotiB electric resistance of simple chemical compounds. He endeaTOured 
to electrolyse carbon disulphide, benzene, stannic chloride, carbon dioxide, hydroohloric^ 
h^drobromie, and hydriodic acid, cyano^pn, and sine-ethyl, all in the liouid state, 
irith the current of 80 Bunsen's cells, alsowith De la Rnea silver chloride battei^ of 
8040 cells with platinum wire| at 2 to 4 mm. distance for electredes ; but in neither 
of these cases were any decomTOsition-producta^btained, and only in the ease of sine- 
ethyl, after prolonged action of the current, was an extremely feeble polarisation- 
current observed. Liquid ammonia, however, forlis an exception to the general rule. 
It is a slightly better conductor and is electrolysed, and with a strong current of at 
least 80 Bunsen's cells the liquid becomes deep blue and gives off a large quantity of 
gas, while the positive elective is blackenea. On stopping the current the blue 
colour disappears. The nature of the blue^ubstanco thus pr^uced has not yet been 
made out. 

CondAicting Power of Alkaline and Earih-alkatine Chlorides. — The oondueting 
power of these compounds in aqueous solution increases almost uniformly with rise of 
temperature. For all chlorides in dilute aqueous solution, the temperature coefficients 
are nearly equal, and as the proportion of sidt in the solution increases, these co- 
efficients all at first diminish, those of KCl, NH^Ch and BaCl*, continuing to diminish 
up to the highest degrees of concentration, while those of NaCl, CaCl’ anti MgCl* 
attain a minimum between 10 and 20 per cent., and then again increase. The 
chlorides of the alkali-metals and earth-alkali -metals do not exhibit any pervading 
differences in their electric conductivity, it is only on comparing the absolutely 
best conducting solutions of all tho i^lts (at a fixed temperature, say 18°) that they 
are Ibund to arrange themselves in the following descending order of conductivity : 
NH^Cl, KCl. NaCl, LiCl, CaCl^ SrCl*. BaCF, MgCl^ A maximum of conductivity 
below the point of saturation is exhibited b^ CaCl*, MgCR and probably LiCl ; in 
^he rest, the conducting power increases continuously with tho concenlration, but in 
various degreee, that of KCl increasing almost exactly in prcuiortion to the concentra- 
tion. The worst conducting chloride is BaOl’, and tho best NlI^C), which, m a 26 par 
cent, solution, cqnducts half as well as tho best-conducting acid, and if saturated at 
100° would probably equal the latter i ^•conducting nower. As tijp concentration 
diminishes, the relation of the conducting power to the concentration approaches a 
limit, the so-called epeeijie conducting power of the bC<ly in aqueous solution. Xn the 
chlorides examined, this limiting value is qaarly inversely proportional to the chemical 
equivalent of the anhydrous salt, and still luori^ nearly proporthmal to its specific 
Tolumo (Orotrian, Pogg, Ann. cliv, 1, 215). 

Relations hetwan the Vedtaic Conducting Povutr and the ^Friction-constantn of 
certain Saline Solutions. — The temperulurc-coeificioiit of the reciprocal friction- 
constants varies, according to tho ixinct iitrulion, in Hourly tho%ame manner as that 
of the conducting power; and variously concentrated solutions of alkaline chlorides 
of different tem^ratures bub equal frrction-constants have a conducting power pro- 
^rtional to their percentage of salt. Tho infiuenco of temperature is therefore 
limited to the alteration whic.h it produces in the viscidity of the solution, that is to 
say, in the power of the liquM particles to push one another aside (Grotrian, ibid, 
civii. 130, 237). ^ 

Electric Rci^isiancr of very slovdg ^Conducting lAquids.- ^Tho unit of resistance 
adopted in this investigation wat:^ that of a concentrated neutral solution of enprto 
sulphate. Distilled whaler does not give constant results, because the smallest 
quantities of admixed salts produce considcmblo alterations (p.,723^ One sample 
had a resistance equal to 390, while %nother^ probably pur<-«r, exert^ a resistance 
five times as great. Water coutaininl^ in soluyon 0*033 per cent, sodium ehloride 
jgave a resistance of 5*4, and with an equal quantity of sal-ammoniac a nsistanos of 
40. The resistance of alcohol « 13,000, of ether 40,000 ; thgt of carbon disulphide 
i%much gteter. The resistanoe of water (300) sinks, on addition of 0*1 per-cent. 
CdBr* to 52 f of 0*1 per cent. CnCl* to 30 ; of 5 per cent. CuCl* to 1 ; tha# of alcohol 
on addition of 0*1 pe|r QdBr* to 1,090; of 0*1 per cent. CuCl* tp 243 ; of 6 per» 

cent. CttCl* to 25 (ObePlltok, 595). 

ReHstdnOB oj^ Liquids to strong induction-Currente . — From experfmenle by Herwig 
(pogg, Ahn. cltx. 01]^ It appears that Iho' specfific resVitence bf liquids U strong 
inductic^-currehts be&niee smaller, a%conipared with the resistance of wires, when 
the electromotive fbfpe of the Induction licoomcs Renter, and the transverse section 
of the liquid and thickness of the layer are increased. This variation does not 
depend upon polarisa^h^wliich indeed increases ssith the rapidity with which a given 
quantity of electridtV^fieses through the apparaths. The equalisation of the two 
deciricities is iwiaideoun Utcir pfit ranee into tho liqubf, and ultimately takes place 
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by a kind of discharge. The mixing of alcohol and water, of alcohol and turpentine- 
oil, and of alcohol and ether, all which liquids are bad conductors when separate, is 
attended with an increase of conductivity, a result which is in accordance with the 
observations of Kohlrausch (p. 723). 

Electric Ckm^uctivity of Gases and Vapours . — A series of experiments has been 
mode by W. IIittorf^(Po^^. Ann. cxxxyi. 1, 197), showing the great increase of con- 
ducting power in gases, caused by rise of tomperatur®, and the very high conduct- 
ing powers exhibited by the vapourt of the alkali-metals as compared with all other 
gases at the same temperature. In another series of experiments {Pogg, Ann. JuheU 
bandt 430), Hittorf has studied the so-called positive unipolarity of flame-gases, 
which he attributes to a resistance to the transmission of the current at the cathode, 
which takes place, though in an inferior degree, even in so good a conductor as 
potassium -vapour. The passage of the sjjkrk between the terminals of a circuit may 
be greatly facilitated by surrounding the cathode with potassium- vapour. According 
to llerwig {Pogg. Ann. cli. 250), the conducting power of mercury- vapour exhibits 
similar phenomena. This vapour indeed acts, not like a metallic conductor, but like 
a voltaic arc, and likewise exhibits a resistance to transmission, as well as a difference 
of behaviour at the positive and negative poles. The resistance of mercury vapour 
in a tube 4 mm. in diameter between columns of liquid mercury as electrodes, [s equal 
to about 60,000 Siemens’ mercury-units. 

According to F. Braun, on the other hand {Pogg. Ann. cliv. 481), the so-called 
unipolar conduction of gases, which takes place when the electrodes are introduced 
into a flame, may be explained by the superposition of two currents, a thermo-cuirent 
arising from the difference of temperature whicHgenerally occurs at the two electrodes, 
and A contact-current, due to the surrounding of the two electrodes, for the most part, 
by different liquids. If the latter predominate-s, a current not exceeding it in electro- 
motive force s^.ways meets with less resistance when its direction is contrary to that 
of the contact/-!' urrenf (and generally also to that of the entire flame-current), thaA 
when its direction is the same as that of the hitter. 

From experiments by Wiedemann a. Riihlmann {Pogg. Ann. cxlv. 23r5, 364), it 
appears that the passage of electricity through rarefied gases always takes place in 
discontinuous discharges. When equal quantities of electricity are conveyed to the 
two electrodes, the intervals of time between two successive discharges, aud therefore 
the quantities of electricity required to produce a discharge, increase with augmented 
pressure, quickly at first, starting from thfc> lowest pressures, then more slowly, and 
finally nearly in the same ratio as the pressure. Under pressures of 30 to 80 mm. 
the discharges take place most quickly in hydrogen, then in oxygen, carbon dioxide, 
atmospheric air, and nitrogen. At very low pressures, however, the order of succes- 
sion of the last four gases is different, because the influence of the diminution of 
pressure is not the sa.'uo in all. Sulphur dioxide behaves almost in the same manner 
as air. 

From further experiments, Wiedemann {Pogg. Atm. clviit. 35, 252) infers that the 
passage of electricity between the particles of gases takeA place in the same manner 
as in a row of electrified balls, two contiguous particles becoming charged by contact 
with the same kind of electricity, and then repelling ^one another. If the gas is 
electrolytically decomposible, the movement of its molecules may be accompanied by 
a separation, progression and recoifibination ot the ions. When the charge is strong, 
the velocities, and consequently the temperature, are increased, so that phenomena of 
ignition may occur. 

According Villari {N. Arch. Ph. naf. [2], xliv, 86), the resistance of different 
gases more or less compressed to the of the electric spark, exhibits the 

following ascending order ; hydrogen, nitrogeq, air, oxygen, carbon dioxide. Faraday, 
on Ijhe other hand, found the resistance of nitrogen and air to be greater than that of 
oxygen. ^ t 

Dispersion of Electricity in Gases . — Warburg {Pogg. Ann. pxlv. 578) finds 
that the fate at which electricity escapes from charged homes in gases is greatly 
modified by the influonco of the insulating support. When this influence was 
eliminated, he found that the dispersion of electricity in gas^fa takes place according 
to Coulomb’s law ; that is to say, the ratio of the charge remaining after any given 
time to the initiaU charge diminishes in gooroetricnl progression. In dry cnrlxin 
dioxide, and in air, the dispersion is nearly cqnal ; in hydrogen, only half as great as 
in these two gases. With diminished pressure it decreases considerably, and at 
70 mm. in air it is at most only one-third as great as at 760 mm. Damp air docs 
not appear to disperse electricity jnore quickly than dry air. This i^esult, and like- 
yrise the absolute values of the coefficients of dispersion, differ considerably from 
those generally received on Coulomb's authority, which appear to have been obtained 
without due regard to the influence of the insulating suppofta. 
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Tile ditjperaiuii of electricity in gases has also been investigated by D, Boboolieff 
(Sili. Am. J. [3], vii, 118), on the principles of the dynamical theory of gases, with 
the following results; (I). The dispersion tahes place according to ConlomFs law. as 
found experimentally by Warburg. (2). flPhe coefBeient of dispersion is inversely 
proportional to the square root of the absolute temperatuiw, a^ (3) directly pro- 
portional to the pressure of th«8gua. (4). Thise^Aicieiit depenos ifpon the nature 
of the gas. The second law is/ in a general sense, in accordance with an older result 
obtained by Matteucci Ch. PAys. [3], xxviii«385, 421), accoixiing to which the 

dispersion in dry air increases with the temperature. The third and fourtli law 
have been experimentally verified by BobooliefiT. The reciprocal valu% of the disper- 
sion-coefficient was found to increase, between 760 and 30-50 mm., from 210 to 1700, 
and in air and hydrogen (under 760 mm..) it ^jdiibited the ratio of 210 to 878- This 
difference is considerably grcjater than that found by Warburg. 

According to J. W. Fewkes (SiU. Am. J. [3], viii. 207), the dispersing power of 
gos-flamos is independent of the size and form of the orifice and of the nature of the 
substance in which it is made ; with unignitod gas-streams, however, the dispersion 
follows different laws. 

X>lelckCtrle State. Silent X>Uieli«rge. The term dielectric was employed 

by Faraday (ii. 399) to denote the electric condition of an insulator placed between 
two conductors charged with opposite electricities. When the insulator is gaseous, 
and the charge is strung, a silent discharge of electricity takes place between the two 
conductors, called by Du Aloncel the ^ront/ensed electric efflux (effieuve Alectrique con- 
densAe). This discharge is capable oftinducing powerful chemical reactions, as in 
Houzeau s ozoniscr, or similar apparatus of iloillot, in which a stream of oxygen 
i.s made to pass between two glass surfitees coated with a ci^nductiiig material, the 
two coatings being connected with the opposite poles of an induction co2»(2ad SuppL 
8^). A more powerful apparatus for investigating the action of the silent elecmc 
discharge on gases has been contrived by A. ThtWiaid {Compt. rend. Ixxiv. 12,80). It 
consists of three thin -walled glass tubes placed one within the other, the inner 
cylindrical and the outer annular space being filled with antimony-hydrogen chloride, 
• which is a good conductor, and into tllis tbfi^*poles of the induction coj4 are inserted. 
The gas passes through tlie annular space between the middle and inner tubes. If 
this gas is oxygen^ it is quickly converted into ozone. If it consists of carbon dioxide, 
300 C.C. of it are decomposed to the amounU^f 11 per cent, in 1 ^•minutes, 10 per 
cent, in 56 minutes, 23 per cent, in 176 minutes, and 26*25 per cent, in 337 miou^s. 
If the gaseous mixture is traversed, not by the silent diichafge, but by actual sparka, 
carbon dioxide is reproduced to the amount of 7*5 jht cent, (A. T^nard). 

When the gas obtainotl from pools or marshes, consisting chiefly of meihafie and 
carbon dioxide in about equal parts, is passixl through this appanJtus, it decreases in 
volume and de|>osit8 small drops of a clear oily liquid. The induction-spark, on thp 
other hand, produces in the same gaseous mixture an increase of vrdume, and a 
separation of carbon arising Aom decomposition of the methane. If the gas modified 
by the spiurk be afterwards exposed to the silent discharge, it diminishes in volume 
twice as quickly as before, and«yielc2s an oily deposit, the composition of which has 
not yet ^en ascertaineci. On filling the apparatus with 3 vol. hydrogen and 1 vol. 
7 iitrogen^ ammonia is produced*by the nation of the silent discharge, but only up to 
a certain dcgi^e of concentration, yiless it be neutralised by an^ acid as fast as it is 
formed. Acetic acid is decomposoa by the silent discharge, givitw off carbon mon- 
oxide or methane, and leaving a brown oily liquid soluble in potash (P^ anAA. Th^nard, 
C/on^t. rend. Ixxxvi. 517, 983, 1048). « 

Further experiments by the same aothors {ibid. 1508) yielded the following 
results: (1). The electric effluvium can pass through agueoue vapour^ decomposing .U 
at the same time. (2). Ammonia gas is also decompose by it, l^t, in the absence of 
an absorbent, pnly to a certain extent. (8). Nitrogen, in presence of aqueous vapotur, 
disappears, and forms a body which appears to bo ammonium nitrite. (4). Nhowphine 
is but imperfectly decomposed, yielding first liquid, then solid phosphide of hydrogen, 
and finally a body which ftppeaFs to be amorphous phosphorus. (5). In a mixture of 
phosphine and ethylene, the electric effluvium givc'S rise to a substituted phosphine.^ 
(6). Methylene monohydrate, in presence of water is converted into nicthnne, hydrogen, 
a strong acid soluble in water, and a resinous body. 

A* 'EoiWot {Compt. rend. Ixxvi. 638, ^69), with an apparatus similar to that of 
Thetiord, but with pulverised rctort'Charcoa! as the electrode; suloitaiice, has found 
that sulphur-rapour and oxygen, which, when not su^ecter] to electric influence, yield 
sulphur dioxide add a small quantity of the trioxidc, yield, under the influence of ths 
electric discharge, a considerable quantity of sulphur irioxide. Bulphur-napo>wr and 
pure hydrogen, which ordinarily do not act on one another, immediately yield oydrogim 
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sulphide under the influence of the electric effluvium. For the production of ozons, 
atmospheric air appears to bo bettor adapted than pure oxygen, the presence of the 
nitrogen probably retarding the reconversion of the ozone into ordinary oxygen. 

The formation and decomposition of bUmry compounds under the influence of the 
silent discharge h^ also been studied by Berthelot vend. Izxxii. 1283, 

1360 ; Ixxxiii. 677^933). When nilfogen and hydrogm combine under this influence, 
not more than 3 per cent, of the gases is ever convented into ammonia, whereas the 
proportion of ammonia gas decomposed under the same circumstances is likewise 
3 per cent, (and therefore 6 per cent, of the original gases). Nitrogen monoxide is 
for the most part decomposed in a few hours, the greater part of the oxygen being, 
absorbed by the mercui^ ; tlio nitrogen is not re-oxidised. From nitrogen dioxide 
part of the oxygen is ^separated in the free state, another considerable portion being 
converted into monoxide. Hydrogen emphide is resolved into hydrogen, a polysul- 
phide, and free sulphur, according to the equation 

8SH2 == 7H* + K-'S* + (8-a:)S. 

Hydrogen selenide decomposes in a similar way. Phosphine is decomposed according 
to the equation 2PH® — 5H + The fluorides of boron and silicont gaseous chlorine 

and bromim are not altered. Sulphur dioxide is decomposed to the amoimj^ of ono- 
tonth into oxygen and sulphur insoluble in carbon stdphido. Cyanogen is quickly 
converted into paracyanogen. The decomposition of carbon monoxide yielded the 
brown suboxide C^O* discovered by Brodie (2wd 8uppL 259): SCO « CO* + 0^0”. 
This oxide is an amorphous substance having the appearance tof an extract, and an 
acid reaction ; very soluble in water and in al<|^pl, insoluble in ether. It forms brown 
amorphous precipitates with silver nitrate (without reduction), lead acetate, and 
baryta- water. Heated to 300^-400° in an atmosphere of nitrogen, it decomposes 
according to^^the equation 3G*0* = 2CO* + 2CO + C*0*, yielding a new dark brown 
oxide which decomposes at a higher temperature, with formation of an oxygeniSlid 
charcoal. MethanCt ethylene^ and ethane yield small quantities of acetylene, together 
with free hydrogen and resinous hydrocarbons. With methane^ an odour of turpentine- 
oil is evolved. With ethylene^ a liquid product is obtained having the empirical formula 
C*®H’***, togotjaer with ethane. Pure ethos^t on the other hand, yields small quantities 
of acetylene and ethylene. 

Another method adopted by Berthelot for electrifying gases consists in enclosing 
them in glass t^es coated inside and out, with platinum, and therefore forming small 
Leyden jars. The inner coating of one such tube was connected with the positive, 
and that of another with the negative polo of a Holtz machine, the two outer coatings 
of the tubes being connected together, so that when sparks were passed between the 
poles, the two tubes were alternately charged and discharged, the one with positive, 
the other with negative electricity. Oxygen subjected to the action of this apparatus 
yielded ozone in variable quantity, rather larger with positive than with negative 
electricity. ,,After twelve hours’ electrisation, the ozone obtained amounted to 8-8*6 
per cent, of the original quantity of oxygen. By absorbing the ozone with arson ious 
acid, the whole of the oxygen may be gradually converted into ozone. It is only, 
however, with strong electric tensions, as with sparks a centimeter long, that these 
largo quantities of ozone can bo obtained; with smaller tensions the amount is much 
less. Compounds of iiitrogen wtlh ootygen ?ould not bo obtained in this apparatus 
either with moist or with dry mixtures of the two gases. But nitrogen, either pur© 
or mixed with oxygen, is absorbed under the ifliluouce of the silent discharge, by 
many organic bodies, cither at high or at low tensions. The flxation of the nitrogen 
is most readily effected by moist filtering ^pupor, less readily by ether, still less by 
benzene. The products are fixed complex nitrogenous compounds, but neither 
ammonia nor any acid of nitrogen is formed under these circumstances. The electric 
tension required to bring about these reactions is not graater than that which fre- 
quently exists betwefen strata of the atmosphere not far from the ground, so that we 
have her^ perhaps an explanation of the fixation of nitrogen in' nature, without 
previous formation of ozone, ammonia, or nitrous compounds. Hydrogen under 
similar conditions is even more readily absorbed by cex ain organic substancc.s. 
Thus 1 c.c. of benzene will take up 250 c.c. of hydrogen, and turpentine-oil likewise 
absorbs the gas freely. Acetylene mixed with hydi-ogeu absorbs a portion of it^ 
yielding various ]j>roducts. The ’'eldctrified hydrogen doe's not combine with pure 
carhont but a mixture of hydrogen and carhou monoxide yields a solid product and 
carbon dioxide, together with a trace of acetylene and a hydro-carbon belonging to 
the patraffin series (see Htdro-carbons). 

On the K^iture of the Chemical Flenients, see Oasp. Sirnmen 
(Jahresb, f. Chem, 1876,4); Baiimhaner {Deui. Chem. Gee. vi. 652; Jahr»sb, 
1870, 4; 1873, 10); Berthelot {Compt. rend, Ixxviii. 1352); Groshans {Dc la Naiure 
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des Slimenis de la Chemie, Haarlem. Leipzig, 1875, 1-109 ; also Daui. Chem, Gm. H«r. 
V. 025, 689, 754; vi. 519,523,704, 1079, 1295, 1354; Aroh.neerl, 1873, viii. 41; 
1874, ix. 193). On the Spctra of Elementary Bodies, see Spectral Akaltsis. 

The ideo of a periodic relation betweeH the atomic ireights of the elementary 
bodies and' their quantivalence and other properties, dereloped by Mendelqjeff in the 
manner already described (2nd Siippl, 462), was fi|-8t suggested by J. R. Newlands in 
1864 (Chent. News^ x. 94), » • 

Amy r in, the principal constituAt of this resin (according to 
Fliickiger), has lately been examined by E. Buri (N, Rep, Pharm. xxv. 193). It 
occurs in elemi in microscopic prisms which maybe separated fWim «he other con> 
Btitnents by treatment with cold alcohol, in which it is insoluble ; and by repeatedly 
crystallising the residue from hot alcohol, thoAmyrin is obtained in spherical groups 
of colourless needles having a silky lustre. It is insoluble in water, but dissolves 
easily in carbon sulpliide, ether, and chloroform. 100 pts. of alcohol at 16° dissolve 
3'627 pts. of amyrin. Strong sulphuric acid dissolves it with reddish colour; melting 
potash has no action upon it. A solution of amyrin having a temperature of 16®, a 
sp. gp. of 0'82do at that temperature, and a length of 200 mm., turns the plane of 
polarisation of the yellow ray (sodium line) through nn angle of 4*5® to the right. 

Amyrift melts at 177°, and does not solidify again till cooled to a much lower 
temperature. AVhen very carefully heated, it sublimes in long thin needles, but the 
yield is very small. Dried at 100®, it gives by analysis 83*31 to 83*77 per cent, 
carbon and 11*39 to Jl'Sl hydrogen, the formula C“H"0 r^uiring 83*30 C,, 
11*73 H., and 4*47 O. Accoming Eliickigor, its composition is «• 

Products of Prt/ Disiillation . — Amyrin, heat^Kl in a retort, melts and decomposes, 
giving off at 200® a thin, oily, yellow distillate, which becomes thicker as the tem- 
poaature rises. On subjecting this liquid to fractional distillation, the temperature 
rose from 60® to 200®, without giving products of constant boiling point. The 
following fractions were separated : 

The fraction boiling at 60°-70® formed a colourless liquid lighter than water, 
^Imost tasteless, and having a pleasant sir^l ; it gave by analysis 8.^13 to 83*47 
percent, carbon and 14-50 to 14-76 hydr(^en. This portion of the distillate after- 
wards proved to be a mixture of a body soluble in water, and another which was 
insoluble. The solution gave iodoform wit^ iodine anti potash. T|io undissolved 
portion was p«*rfectly tasteless, while the soluble fwrtion gave to the w&tor an aromatic 
taste and pleasant smell. The former dissolved iottino with a raspberry-red colour, while 
the original solution, before treatment with water, dissolved iodine with the colour of 
alcoholic tincture of iodine. Tlie higher- boiling liquids were shaken up with potash, 
whereby a small quantity (more especially that distilling over between 201®-280®) 
was dissolved. After the alkaline solution bail been acidiflod and distilled, a colourless 
watery liquid was obtained, together with a few drops of a yellow oil, ensiling like 
creosote, and dissol ving but slightly in water, readily in potash and alcohol. The filtered 
aqueous solution gave, with ferric «*hloride, at first a light blue colour, then turbidity 
with disappearance of colour. kVith chlorine and bromine -water, a white turbidity 
was formed. Sodium thiosulphate formed a flocculcnt precipitate. Mercurous nitrate, 
after a short time, gave a black prccipitatoi and nitricracid prodiy‘*>d a large quantity 
of oxalic acid. 

The fraction di.stilliiig at 185°-20b® was a yellow thin liquid, sparingly soluble in 
water, w-ith pleasant snicll and aromatic Uiste, and giving by analysis 8l‘Qi|$ per cent. 
C., 11*47 H., and 6*68 O. « . . * . 

The fraction distilling at 260®-280® w*v a golden-yellow thick li^id, with slight 
smell and sharp taste, insoluble in water, and giviDg^84’40 C., 11*56 H., and 4*04 O. 

Above 300®, a thick browti liquid distilled over. The yellow mwder observed at 
the end of tbe distillation consisted of three different b^ies, -fraich could not ba 
separated and purffied. • 

Action of Nitric Acid on Amyrin. — Boiling nitric acid forms with amyrin a clear 
yellow solution, which, aft4* evaporation, leaves a yellow mass. This mass gives an 
acid solution in water, as it c<jntHins oxalic acid. Tt reduces Fehling's solution when 
warmed. The greater part, however, is not solute water ; it foyns a rosin-acid, 
which, when boilctl with alcohol, deposits a yellow powder on cooling. Dry hydro- 
chloric acid gas does not act on amyrin, eilher alone or dissolved in chloroform. 

Action of Bromine, — Bromineacts veiy strongly on solid amyrin, forming a blackish- 
green mass, witli strong evolution of hy<Irobromic acjjd. A cold saturaM alcoholic 
solution of amyrin, treated with an excess of bromineTdeposited after several hours a ’ 
yellow precipitate which, when recrystallised from hot alcohol, formed a colourless 
indistinctly ciystalline powder, melting with decomposition at 130®. 
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Tilo analysis of this body gave 29‘82 to 30*10 per cent, bromine, 59*58 to 59‘67 
carbon, and 7'95 to 8-17 hydrogen, numbers which may bo represent^ approximately 
by either of the formulae, and C^H**Br*0, the former requiring 60*07 per 

cent. C., 7’80 H., 30*04 Br., and 2*00 O. i^the latter, 59*93 0., 8*11 H., 29 96 Br., and 
2*00 O. The foripation of these compounds may be represented by the equations : — 

. 8C“H«0 + 30Br = 8C“H"Br*0 + 18HBr + 3H*0. 

8C“H«0 + 20Bro= 80«H«Br*0 + SHBr + 3H*0. 

Aceiyl-amyrin, C“H^^(C®H*0)0, is formed by heating amyrin to 150° in a 
sealed tube for several hours, and is obtained by crystallising the product from hot 
alcohol, in white micaceous laminae. It melts at 198°, and solidifies at a few dogroos 
lower. It is loss soluble in alcohol thM amyrin, 100 pts. of alcohol at 18° dissolving 
0*473 pts. of it. Its analysis gave 80*71 to 81*23 per cent. C., and 10*90 to 10*97 H., 
the formula requiring 81 C., 11 H., and 8 O, 

The crystallisable resin of elemi, insolnble in cold alcohol, analysed by H. Rose, 
Hess, Johnston, and others (ii. 482) is doubtless identical with amyrin, though the 
melting point (149°) found by Johnston seems to show that his product was impure. 

Brean, from icica or incense-resin, the produce of the Hyawa or Incense*tree of 
British Guiana, and masopin, from the DsohiltCy a tree growing hi Mexico, 
agree very nearly in composition with amyrin ; but their melting ^ints are lower than 
that found by Buri for amyrin, brean melting at 105°, and masopin at 166° {Gmelin*8 
Handbook, English Edition, xvii. 421, 422). 

Icacin, the crystalline resin lately obta^ed by Stenhouse and Groves from icica 
resin — ^which they regard as a variety of elemi — ^bears a great resemblance to amyrin. 
SStenhouse a. Groves assign to it the formula but Buri supposes that it may 

have the cq^iposition = (C*H®)® H®0, analogous to that of amyrin. 

Bryoidin. This substance, originally described by Baup as a constituenlir of 
arbol-a-broa rosin (i. 354), has also been obtained by Fliickiger {N. Eep. Pharm) from 
olemi. The resin is exhausted with spirit of 22 per cent., the extract recrystallised 
from spirit of the same strength, then distilled with water to remove essential oil, and 
the remainirg resin is extracted with hot alcohol, whereby the crystallisable resin 
(am^in) is separated from the amorphous resin, the former crystallising out on'* 
cooling, while tne latter remains dissolved in the alcohol. 

Pure bryoi^;in crystallises in shining prisms, melts at 135°~136°, sublimes easily, 
dissolves in alcohol, carbon sulphide, chloroform, ether, acetic acid, elemi-otl, and 
glycerin, and sparingly in water. I)ry hydrochloric acid gas turns it first red, then 
violet blue, and green, the mass at the same time becoming liquid. Fliickiger’s analysis 
leads to the formnia 2C‘®H‘*4- 3H*0. 

According to Fluckiger, the constituents of elemi form the following series : 

Essential oil 

Amyrin 2C'®H*® -i- H^O 

Amorphous rosin 2C*®H** 4 2H*0 

Bryoidin . . . . . . . 2C>®H*» + SH-'O 

aZiXiAOlIXi'S. See the next article. 

aaaAOZO ACXOy On the formatkn and constitution of this acid, 

and its relations to tannic acid, see TxNmc acid {2nd Suppl, 1143). 

Oerivatiwea of Sllagio Aold (Rembold, Pent, Chem. Ges, Ber. viii. 1494). 
1. Ella ge'lie, is formed when eilagic acid is heated to low redness with zinc- 

dust, and passes over first as a colourless ^distillate, solidifying in laminated masse.s, 
which melt at 88° and begin to boil at 252°. This substance dissolves in glacial 
‘Vicetio acid, benzene, ether, and alcohol, forming solutions which are not fluorescent. 
In a current of hy^'rogen it begins to sublime at 60°. 'Analysis of the body and a 
determination of its vapour-density show that it is a hydrocar^n of the formula 
above jfiven. It is therefore isomeric with phenanthrene (and* with tolane and 
anthracene), from which it differs, however, in melting and boiling points. Unlike 
phenanthrene it is not attacked by chromic or picric acid. ^ 

EUagene is accompanied, towards the end of the distillation of eilagic acid, by a 
rod body, whiclv eoiidifies ns af» amorphous, translucent, brittle mass, srtftening at 
6&°-70°, and boiling above 360°. This substance appears to bo polymeric witli 
ellageue, since it is always forme<l in tlio distillation of that body, and has the wime 
percontago composition. It dissolves in the same liquids as ellagene. The solution 
in benzene is fluorescent. 

2. Rufo-hyd^o-ellagic acid, is formed, together with an unstable 

substance not yet analysed, when otlagic acid in alkaline solution is heated with 
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sodium-amalgam. The latter body is easily soluble in water, and gives a dirty brown 
coloration with ferric chloride ; nifo-hydro-ellagic acid is Jess soluble. Both are taken 
up by ether from the alkaline liquid in which they are formed. 

Bufo-hydro-ellagic acid forms colourless ^^ystals melting at 300^, but previously 
undergoing iteration. It dissolves in alcohol and water ; the aqueous solution soon 
acquires a dirty colour in the nir.^ It is distinguished from ellagiJ? acid, and from 
other hydro-derivatives, by giving with ferric chloride first a ^eon, then a wine-red 
coloration, changing to brown in the air. When dried at 160°, it apjiears to have the 
composition It is easily oxidised by alkalis. Heated to 100° with acetyl 

chloride, it yields a product which appears to be the diacetyl-derivative. ^ 

3. Glau co-hydro-ellagic acid, C**H*®0^ is formed by the further action of 
sodium-amalgam on tho brownish residue left on evaporating the ol htireal solution of 
the two bodies above mentioned. It crystallilos in groonisli-yellow silky needles 
BolubJe in alcohol, and gives, with ferric chloride, first a blue, then a green 
coloration. 

(J. Lowe, Anal, Chem, 

35). This acid, differing from gallotannic acid by addition of 1 atom of oxygen, is con- 
tained in Divi-divi and in Myrobalanas, tho fruits of several species of Torminalia 
growing in India. The acid prepared from divi-divi pods dries up over sulphuric 
a«id to a brownish, amorphous, fissured, easily splitting mass, which may be 
triturated to a yellowish powder. After prolonged drying over sulphuric acid or at 
100®, it has the composition above given. Its lead sail pret'ipitated frimi the alcoholic 
solution of the acid by a Iftt alcoholic so lutio n of lead acetate, washed with alcohol, 
and dried at 100°, has the composition ‘2u'*H*®0‘*.5Pb0. 

The acid does not exhibit any striking chariLcters with reagents ; it precipitates 
gelatin, albumin, alkaloids, and tartar-emetic ; gives with lead-acetate a greyish-yellow, 
with iron acetate a nearly black, and with cupric acetate a light-brown piWipitate. 
Its most characteristic property is the e;ise with which it is conv«»rted into elliigic 
acid, from which it differs by the elements of 1 mol. water (2 mols. acconiing to I/fiwo, 
who represents ellagic acid by the formula On heating its solution in 

presence of the smallest possible quantity of ai^ in sealed tubes placed in a salt-batli, 
thte liquid becomes turbid aft-er two hours, Hnd*dep>«it« after si^voral days a copious 
brown precipitate of ellagic acid, which, by washing with hot water and hot alcohol, 
IS converted into a light-yellow powder. T/Owe inclines to the opinion that tho 
ellagic acid formed, together with gallic acid, by heating gallotannic acw^ with dilate 
acids (ii. 766), is due to a c out ami nation of the gallotannic acid with the acid 
C**B[*®0*®; for, according to his observations, pure gallotannic acid does not yield a 
trace of ellagic acid. ■ 

miM XASraZXr. See Tannik. » 

nCASTAXIOXS. See Gasks, Volcank', 

■nCBRAJLXI. See Bkbti. (p. 323). 

JBaCXXX&ZXS. A variety of margnriti*, nccom {mi tying the corundum of North 
Carolina. Composition, SiO* 32*^1, A1=*0* 51*31, CaO 10 98, Na’O 2 43, H*0 2*13 
(J. L. Smith, SUL Am, J. [3], vi. 184). 

SSttBXimB (A. Glonard, Comf>t. rrnd. Ikxxi. 100), ,The solution obtained by 
treating ipecacuanlia with cold water ^ntaining sulphuric ncid yields, when mixed 
with excess of lime, a precipitate containing emetine, which may l>o rlissolved out by 
ether. On evaporating the ethereal solution to dryness, treating tha resMue with 
acidulated water, and the solution so obtained with ammonia, the emetine is precipi- 
tated almost colourless, and much nearer to purity thqp the product obtained by the 
ordinal^ method. 

When water €u:idulated withf hydrochloric acid is used to remove 4he emetine from 
the ethereal residue, ^tho solution, on evaporation, yields crystals of emetine hydro- 
chloride* which nuiy be obtained pure by recry stallisation, and yield porfoctly^puro 
emetine. 

Emetine decomposes amnmuiuro chloride — a property also possewsod by quinine. 
Emetine and its hydrochloride, dried at 110°, have the following centesimal 
composition : — . • » * 

C H , N O Cl 

Base . . 7225 8*61 5*36 13-78 — 

Hydrochloride. 63*00 8*15 475 11-64 12*46 

These numbers lead, to tho formulae C*®H^^N'0^ ands0**H'“N®O^2HCl. According 
to J. Lefort and E. Wurtz, on the other (CompL rend, Ixxxiv.,. 1299), emetine 
Las the formula and its nitrate C®"il^N*0\NO*H ; but as no analytical 
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numbers are given in the paper just cited, it is impossible to say 'whether the base is 
supposed to contain 3 or 5 atoms oxygen. 

Detection . — A trace of emetine brought in contact with chlorinated lime, preferably 
acidified with a weak acid to liberate thA hypochlorous acid, gives a bright orange or 
lemon-yellow coloration. A few drops of a solution of 1 part of em^ine in 1000 
parts of water, when evaporated dryness, readil/’ produce the coloration, and the 
colour is still perceptible with a solution containing 1 part of the alkaloid in^ 5000 
parts of water. The reaction i/^ well adapted as a means of detecting emetine in 
forensic analysis, and of testing the value of the various species of ipecacuanha. 
Emetine cav, be very easily isolated from complicated organic substances by amylic 
alcohol, chloroform, benzene, and petrol enm-benzin in an alkaline solution (F. B. 
Power, Fharm. J. Trans. [3], viii. 344). 

Estirmtion in Ipecacuanha . — 16 grams of ipecacuanha powder are treated with 16 
drops of dilute sulphuric acid, and so much alcohol (86 per cent.) as to make the 
volume up to 160 c.c. After 24 hours, 100 c.c. of the filtered liquid are evaporated 
until the alcohol is driven off, and the liquid is titrated with standard potassio- 
mercuric iodide solution, prepared by dissolving 13*646 grams of mercuric chloride 
and 49 '8 grams of potassium iodide in 1 litre of water. 1 c.c. of this solution precipi- 
tates part of the equivalent of emetine. The final point in the titration is de- 

termined by filtering a few drops of the solution containing emetine into a watch-glass 
placed on black paper, and adding a drop of the standard solution. ot the slightest 
turbidity should appear if the reaction is at an end. The number of cubic centimeters 
used is to be multiplied by *0189, Le. by the vs ooa ^h part ofiM:*he equivalent of emetine 
(Zinoffsky, ibid. iii. 442), t 

ISlMCOOZir, This constituent of rhubarb-root, discovered by De la 

flue a. M-ijllor (ii. 486), is obtained in small quantity, together with chiysophanic 
acid, by* exhausting the root with benzene. Several analyses of it have been 
published, but its constitution has not hitherto been satisfactorily made out. 'Now 
Liobermann finds that, when heated ■with zinc-dust, it yields about a fourth of its 
weight of a hydrocarbon much resembling anthracene in its mode of sublimation and 
cpy8tallisa|jion, also in solubility and character of its picric acid compound, bub 
melting at 206° like somewhat impnrt anthracene, and yielding by oxidation wi|h 
chromic acid a white compoxind, convertible by heating with strong sulphuric acid 
into a sulpho-acid which when fused with potash gives the reaction of alizarin. 
These reactidts might lead to the conclnsion that emodin is an anthracene derivative, 
in fact trioxyauthraquinoue, isomeric with ptirpnrin, C*^H*0*; but the white substance 
formed by oxidising the hydrocarbon above mentioned with chromic acid, differs from 
nnthraquinono hi being partially soluble in ammonia, the solution when mixed with 
hydrochloric aqid depositing an acid compound in white gelatinous flocks. The 
residue insoluble in ammonia yields by oxidation afresh qimntity of this acid, but the 
conversion is never quite complete, a small residue being ultimately left consisting of 
anthraquinone. 

The acid thus formed is anthraquinone-carbonic acid, C’*H‘^0*.CO*II, and its 
formation by oxidation of the hydrocarbon obtained from emodin shows that this 
hydrocarbon consists, not of anthracene, but of methyl-anthracene, 

•• + 30* 1^= 2H*0<+ 

The anthraquinone-carbonic acid thus obtained melts at 280°, sublimes without 
decomposition, and dissolves in alkalis, the solution, on addition of a slight excess of 
potash or soda, depositing the alkali-sal^ in flocks. The acid is in fact identical with 
that already described (p. 113). » 

Emodin is therefore a derivative, not of anthracene, but of methyl-anthracene, and 
its constitution ij^that of a trio xymethyl-an thraquinoue, 

rCH« 

This formula agrees well with the published antilysdii of emodin, viz. ; 

l)e la Rue a. Calculated for 

MUlIor .* " . Rochlctlcr Skraup Licbermann 

Carbon. . 6669 66*57 6?6? 65 47 65*89 66*05 66^0 66*67 60 67 

Hydrogen , 4 07 4*13 4*29 4-27 3*93 4*04 3*93 3*80 3 70 

Oxygen . 29*24 29-30 2908 29-26 30*28 29*91 2927 2953 29*63 

The composition of enio^n thus established indicates its analogy to chrysophanic 
acid, which, ns show-n by Licbermann a. Fischer (p. 470), is a dioxymcthyl- 
imthraquinuiie. 
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Liebennsnn a. Waldsteiu {Deut. Ciem. 0«a, Ber. ix. 1775) have obtained emodin 
from tlie baxk of Rhamnua frangula. 

rnm nu a irm, sCa^.As’S*. This minsasl, usually regarded os rare, is found 
somewhat abundantly in the granitic formation of Southern Utah, sometimes as- 
sociated with octohedral pyrites, ^d occurring bot|^ massive and iif brilliant ortho- 
rhombic crystals sometimes 5 or ^ mm. long. Combination' ooP . OP . ce^oo . oePoe . 
Sp. gr. 4*861 in fragments, 5*11 solid, which is sooftewbat higher than that of the 
Peruvian variety (analysis a). In other parts of the same formation, onaxgite occurs 
ih broad laminated masses, associated with calcite, and quite free from pyrites and 
antimony (Silliman, American Journal of Science^ [3], vi. 1 26). 

Enaigite occurs also in the clay slate of ^e Sierra de Famatina in the Province 
la Bioja of the Argentine Bepublic, in radtJ^lamiuar or granular masses, often 
alternating with layers of iron pjrites, and forming the principal part of the vein. ^ It 
is but rarely crystallised, exhibiting in tliat case the combination ooP.OP, often united 
in twins, the face of combination being parallel to ooP. Cleavage perfect parallel to 
ooP. Iron-black, often with a steol-bluo tarnish on the crystalline faces, and bright 
metallic lustre. 

An antimonial variety of enargite, called Famatinile^ is found in the same 
locality, usually massive and imbedded. Sp. gr, » 4*39 <->4*69; hardness 3*6 
(Stelzner, Jahrh.f. Min, 1874, 637). 

The following are analyses of those minerals : a. Enargite from Utah, analysed by 
Dana. b. Enargite froof the Famatina range. <?. The same, with deduction of the 
matrix, d and e. Famatinite. ^ 


s 

As 

sti 

(hi 

Fe 

Zn 

rb 

Au 

Matrix 

34*36 

17-20 

0*95 

46*94 

1*06 

— 

— 

— 

— 

- 100*50 

29*92 

16*11 

2*44 

46*38 

1*18 

0*43 

0*68 

0*18 

2*68 

- 100 

30*74 

16*56 

2*61 

47*65 

1 22 

0*44 

0*70 

0*19 

— 

-100 

29*28 

4*05 

20*G8 

44*69 

0*81 

0*59 

— 

— 

— 

-100 

2906 

3*23 

21*64 

45*39 

0*57 

0*59 

— 

— 

— 

-100*47 

formula 

of 

famatinite deducods* 

from 

the 

last 

two 

■analyses 


4(3Cu®S.Sb*S*) + (3Cu*S.As’®*), whence it may bo regarded as an aiitimonial enargite 
having one-fourth of the antimony replaced by arsonic. 

Another cuprous sulpharscnato called l^zonite, dimorphous^^with enargite 
and apparently isomorphous with famatinite, occurs in the copper veins at Mancayan 
in the district of Lepanto in the Isle of Luzon, usually in crude masses exhibiting 
a structureless, uneven fracture, and a slight U^ndcncy clenvag«, perceptible only 
under strong illumination. In some cavities were found extremely small individuals 
of unrecognisable crystalline form. Colour dark reddish-groy, gra<iually acquiring a 
violet tarnish. Opaque. Hardness « 3*6. Sp. gr. (moan) » 4*2. Brittle, with slight 
tendency to mildness. The appearance is deceptively like that of faroi»einite, but 
differs considerably from that of enargite. An analysis by C. Winckler gave 


Cu Fe . Ah .‘'ib H 

47'51 0-93 lb'62 2 16 33*14 « 100*26, 

¥ a ^ 

which is es.sentially the composition of enargite (A. Weisbach, Jahrb, f, Min, 
1874, 976). 

A mineral intermediate between famatinite and luzonite occurs at Cerro de Pasco 
in Peru. It is associated w-ith enaxgite nu^ iron pyrites, and could net b^ completely 
separated from the latter. The mean result of 8(?veral analyses is given under A, 
and the corrected value, after deduction of' 13*77 piwcent. FoS*, under B. 


Cu * Fo Hf> As _ 8 

A (found) 41*11 6 43 10*93 7*62 33*46 *-99*55 

•B(corr.) 4793 — 12*74 8*88 30*45 -IOC 

(Frenzel, Jahrb. Min. 1^76, 679). * 

JBV8XAYZX8. This mineral occurs in the bed of magnetic iron ore of the 
Tilley-Foster mine, Putnam Co., New York. Sp. gr, =•3*29, The following analysis 
is by E. S. Breidenbaugh (Sill. Am. J. [3], vi. 21?). * 

SiO* A2*0» FcO MnO MgO CaO K*0 Na*0 n"0 

64*17 3*30 9*94 0*24 31*99 0*99 0*16 0*32 0 13 « 101*24 


Decomposed enstatite is found in crystals aceompMying apatite on the south coast^ 
of Norway. Usual combination, ooP, ool^oo, ooj^co, ^oo. Hardness » 2 — 3. 
Colour, leek-green. Lustre resinous. Two specimens were analysed : a, tom 
Oedegardeu ; b. from Enden ; 
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SIO* A1“0* MfifO FeO CftO H*0 

а, 57*63 1*02 30*37 499 — 7*21 « 101*22 

б. 69*67 0-97 30*89 2*96 0*37 6*01 » 100*76 

The crystals of eostatite often occur associated with undecomTOsed minerals, some- 
times enclosing fhem, sometimes enclosed by them (Brdgger a. Keusch, Jakrb/f, Min. 
1876, 196). ^ 

Brogger a. vom Hath 1877* 199) have also examined enstatite crystals 

occurring in a normal apatite vein penetrating the mica and hornblende-slate in 
the apatite mine of Kjdrrestad, between Krageroe and Langesund. Near the normal 
vein, at Ha'ukdalsvand, there occurs a large isolated mass, consisting almost entirely 
of enstatite and rutile (with only a trace of apatite), the enstatite crystals some- 
times attaining a length of 38 c.m., aCbrcadth of 26 c.m., and a thickness of 13 c.m. 
One crystal was 40 c.m. in length, but brolun off at both ends. The crystals are 
enveloped in white or greenish talc, and are prismatic, being a combination of the 
primary prism with a strongly-developed macropinacoid and a narrow brachy- 
pinacoid ; but a great variety of distortions occur, the brachydiagonal in some cases 
having the appearance of a clinodiagonal : others again exhibit a true rhombic cha- 
racter, and closely resemble the enstatite of Broitenbach, and the hyper^thene from 
the Hocher du Oapuzin in the Mont d’Or and from Laach. The primary pyramid of 
enstatite from Breitenbach and hyperstbene from Laach furnished the following in- 
terfacial measurements ; 

liiistutJte from Breitenbach *Hyper8thene from Laiu'h 
Macrodiagoual edge . . 62' 126® 68i^' 

Brachydiagonal edge . . 127® 36' 127® 38 j' 

Lateral edge ... 78® 42' 78® 34^' 

whence a \ h i c = 0-9701 6 : 1 : 0*67097. ^ 

Only the cleavage angle (prism) of the Kjorrestad crystals could be measured by 
the reflecting goniometer, and was found to vary fropi.91® 26' to 91® 40', a measure- 
ment closely agreeing with the corresponding angles of enstatite from Broitenbach 
(91° 44') and hypersthene from Laach ^ 91® 44'). The following forms were observed 
in combinations on enstatite from Kjorrestad, viz.: ooP, ooPoo, oo^oo, OP, f2, 

GO, fP CO and J ^oo ; the last four being new. 

I^orrestad enstatite generally ha8'(» steatitic outer surface, a complete prismatic 
cleavage, and an incomplete brachydiagonal cleavage. Sp. gr. 3*163. According to 
Lescloizeaux, the optical axes lie in the brachypinacoi’d, the acute positive bisectrix 
being parallel to .^he edge of the vertical prism. Chemical composition : 

SIO* ,, Al’Ky FeO MgO H»0 

68*00 1*36 3*16 36*91 0*80 100*22 

Binr^^XTB. A mineral occurring at St. Agnes in Cornwall, in bluish-green 
stalactites, having a sp. gr. of 1*59, and giving by analysis: 

so* SiO* A1“0* CaO CuO 00“ H*0 

8*12 3*40 29*86 1*35 16*91 *'1 06 39*42 = 100 10 

These numbers agre-i with the formula CuSO‘.CuHaO» 3A1*H®0M2H*0 (J. H. Collins, 
Jahrb, M»n. 1876, 868). 

BOSXXi’s This name is given to a beautiful roseate dye-stuff (^ws), having the 
compositiou of. tetrabromofluorescein, C®®H“Br*0*, and producible by the action of 
bromine on fluorescein dissolved in acetic’iacid (see Fluorbsckin). 

CH»Q1 

BPXOBBOBBYBBXBTv G*HH110 GH N. Q. In preparing this compound by 

the acU’on of potash on dichlorhydrin, a loss of material is apt to occur, in consequence 
of the product aggregating with the simultaneously formed potassium chloride into a 
pasty mass. This, however, may bo prevented by conduciing the reaction in a retort, 
the heat generated being sufficient to drive over a great part of the epichlorhydrin. 
The remainder ^mny then be distilled off in the ordinal^ way, but the temperature 
should not exce^ 130®, otherwi'se decomposition sets in (E. W. Prdvost, JT. pr. Chem. 
[2], xii. 160). 

Epichlorhydrin, treated with sodium ethylate free from alcohol, forms two oily 
compounds, one, C^H^^O*, soluble in water, the other, C*H*®0*, insoluble in water, 

« but soluble in ether ; also a white hygroscopic substance, insoluble in water, 

alcohol, and ether* probably a condensation-product of ethoxyl-glycide (Laofer, 
Jenaieche Zeitschrift [2], Ui. 2 Suppkmenth^t, 141). 
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On the Action of Hydrocyanic Acid on Kpichlorhydriii, tsee Cyamiou ut' llYDKOOiiiN 
(p. 610). 


CH>.CN 

»zeTA>rKT]n», c-h* 0(CN)=^^^^, 


this substance by the action of aqueous potassium c^’anide on epichioAydrin (Paaschko^s 
process^ *ind Suppl. 4C6), it is Accessary to use^^tassium cyanide quite free from 
alkali (recently prepared by fusion of dehydmted |Mtassiiim forrocyanido) ; with the 
commeroial cyanide, or that which is prepared by piissing hydrocyanic vapour into 
alcoholic potash, the yield is very small. Pure opi cyan hydrin melts at 168®, and is 
easily converted by boiling with faming hydrochloric acid into e p i h y d n-c a r b o n i c 
acid, C*H*O.CO*H (Hartensteiii, J. pr. Chem, [2], vii. 295). 

Bra>OTa. This mineral occurs in tlft AllocIietUthal, in Tyrol, in crystals 
accompanied by brown garnet. quartz,'|abradorite, and titanite, in clefts of a weathered 
syenitic rock. The colour of those epidoto crystals is blackish-green ; some weathered 
specimens are covered with u crust of ferric oxide, and they occasionally attain a 
length of 18 mm. Light-coloured, radiating specimens were also found. Ordinary 
combination oo Poo . P . OP . P oo. Sp. gr. 3*462. An analysis of a fresh crystal 
gave the Ibllowing percentage composition : 

BiO* AIK)* FeK)* FoO CaO H*0 

3770 24*61 14*23 0*46 20*09 2*23 100*21 

This analysis agrees tolerably well with the one given by Ludwig of opidote from 
Salzbach (2»<f Suppl, 4<t7)f also tliat from Burawa, analysed by Hermann, the amount 
of lime being however rather lower, ^^his opidote tfieroforo belongs to the lime 
epidotes, which contain no manganese or magnesia (O. Dooltor, JdJkrb, /. Min. 1876, 67). 

Two specimens of manganese epidoto from St. Marcel in Piedmont have been 
ar^lysed by Rammclsberg (Chem. Centr. 1873, 576) with the following insults; 

SIO* A1*0» Fc*0“ Mn*0» CaO IPO 

38*29 16*41 8*10 14*72 21*73 1*74 « 100*99 

38*64 16*03 8*38 16*00 22*10 1*78 » 101*02 


^ These analyses a^ee with the ordinary formula of epidote, Si'R'Ca^H’O^, the symbol 
standing for Al, Fe, and Mn. The proportrbn of those throe metals iaFa ; Mn : A1 n 
1:2:3. 

On the Optical Properties of the Sulzbaqli Kpidote, see Klein (Jahrhuch f. Min. 
1874, 1). ^ 

On the Corrosion-figures of Epidote, see Baumhauor (ibid, 1876, 420). 

Epidoto (A) from the glaucophanc-beariiig rocks of the island of Syra has been 
analysed by Ludecke {Jahrb. Min. 1870# 117), and (B) from the diorites of the 
Ehrenberg near Ilmenau by E. E. Schmid (ibid. 60) : , 

8iO* APO* Fc*0* Mn*0* OnO M»fO FcO IPO 

A, 38*16 26*3 9*3 — 25-1 - — 1*8 « 09 (56 

B. 37*8 19*6 16*3 0*2 24*2 0*8 0*3 2*3 ioo*4 


The epidoto -rock, deposite<4 contemporaneously with the diorites and micaceous 
gneisses of the Serra Mantiqumra in the province of Minas Geraes, Brazil, has been 
examined by H. Gorceix {Compt. rend. Ixxxii. 688). From measurements of individual 
crystals by Descloizeaux, it appdkrs that Hie rock codlists mainly of epidoto, together 
with very small quantities of quarts and isolated patches of iron ochre. Sp. gr. 
after ignition =3*40: 

A1*0» <JaO JrO MgO Ignltl<ft ^ 

38*6 26*1 23*2 10*4 trace 2*6 99*8 


A transformation-product of the hornblende of % hornblendo-graniU at Kinkigtcji 
in Greenland, nearly relato<^to epidoto, and having a sp. gr. = ^446, is deNcribi^ by 
Vrba (Wien. Aka^ Ber. [1 Abth.],lxix. 96). and has been analy&l by Belohoubek: 


SIO* 

38*10 


A1*0“ 

10*73 


FeK>* 

17*.y 


F«0 

8*87 


OaO 

21*46 


K*0 

1*03 


fimrnMmoAMMomo aozd , c < h « o * 


r:”<u’ 


Nft'O 

2*26 


IPO • 

0 48 - 100*49 

. Thia acid, which 


5h*.cooh 


Buschke obtained by the action of acids or alkalis og^pi^ronhydrin (2nd Suppl, 466), 
is best prepared by boiling epicyanhydrin with fuming hydrochloric acid : it separaCcii 
on cooli^ in ooneentrie gronps of long needlas, and may be purified by reetTStaUiul^ 
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tion from hot water, in which it is ©asily soluble. It melts at 226°. It does not 
unite, TSme ©pichlorhydrin, with hydrochloric acid, acetyl chloride, or acid sodium 
sulphite. It is not attacked by tin and hydrochloric acid, or by sodinm^amalgam, 
but when heated for six or seven hoipt^o 160° with fuming ht/drochloric acid» it is 
converted into normal butyric acid: 


<iH + 4HI . 

ino-cooH 

(Hartenstein/i/. jjr. Cheni. [2], vii. 296). 


H»0 + 21* + CH* 

iH»OOOH 


BQlTZmc ACX1>« An acid c^tained from fresh mares' milk, in which it 
appears to exist in combj^tion with i^monia ; it crystallises in needles, and exhibits 
properties different from those of hippuric acid*(J. Duval, Compt. rend. Ixxxii. 419). 


BSBXUIIK and YTTRZXm. Cleve (Bull. Soc. Chim. [21. xxi. 344) has con- 
tinued his investigations of the compounds of these metals, and has come to the ponr 
elusion that they are not diatomic aa formerly supposed (2nd! Suppl. 1311),* but 
triatomic, like the cerite metals. Their atomic weights are accordingly ]Sr= 170'65; 
Y « 89'd6 (according to Bammelsberg E= 169 : Y = 92 5). • The following salts have 
been analysed : 


Y(NH^)(C0»)* + H*0. 

+ 4H*0 } * Isomorphous witl> acetate of didymiiini. 

4YCl*.6PtCl^ + 62H®0. Large, well-defined, orange- coloured crystals. 

ErCl*.]^^CP+ 11H*0. Large, very deliquescent crystals. 

YCl*.2AuCl*+ 16H*0. Largo, very soluble crystals. 

ErCl*.Au01» + 9H*0. 

y(OKS^.SHg(CNS*)+ 12HO*. 

Er01*.6xlqCl* + »H*OC» « 6 ?). Delujuescent cubes. ^ 

3Br*0».4N*0‘ + 20H*O. 

Y(C0*H)* + 2H*0. 

Er(C0*H)*’^*^H*0, 

Y*(SeO^)» + 8H*0 and 9H*0. 

Er®(SeO*)* + 8H*0 and 9H*0. Isomorphous with tiie preceding. 

YK(SeO0*+ 3k*0. 

ErK(SeO*)*+^H*0. 

Y(lirH*l(SeO*)* + 3H*0, 

Er(Nlf’\SeO«)* + 2H=0. 

Ei(NH*)(SoO^)* + 4H*0. 

ErNa»(S0«)*+3jH»0. 

TkNa»(00*)« + l8H*0. ^ 

A table, compiled by Bammelsberg, of the comi^osition of natural minerals con- 
taining the yttnum and cerium metals, according to the old and new atomic weights, 
is given under OBRiTH-arETALS (p. 419 of this volume). 

SpeeWum * 0 / Er.bia. — According to Lecoq de Boisbaudran {Compt. rend, Ixxvi. 
/ 1080), erbia in the pure state — contrary to the observation of Bahr and Bunsen — 
(Liebig* 8 Annalen^ cxxxvii. 1), giy^s a spectrum different from that which is produced 
Vheu Uie earth is dipped in phosphorus-salt. On diij^ecting the central cone of a 
blowpipe-fiame on ^ one surface of the erbium phosphate, so that this part shall be 
relativeW cooler than the rest of the glowing mass, the spectrum is completely 
reversed The silicate and borate of erbium likewise exhibit slight diversities in 
their spectra, . 

On the. Heat of Heuiralisation of the Hydroxidee of and Yttrium^ see Hbat. 

B&OOX. According to Buchheim {Arch. Pharm. [3], vii. 32), the substance 
called erffotine, the supposed active principle of ergot (ii.'430 ; 1«< Suppl. 680), is a 
b<^y closely resembling animal gelatin. is easily soluble in cold water, and is 
therefore contained in the cold aqueous infusion of ergot. Like gelatin it £^ves pre- 
cipitates with phenylsulphuric acid, tannic acid, and chlorine. It cannot, however, be 
.^mpletely precipitated by tauttr^ acid. It is formed by the action of the mycelium 
t>f a fungus on the gluten of ^e, by which action the gluten undergoes a series of 
transformations, terminating in its conversion into leucine, ammonia, and trimethyl- 
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ttnine. The deoompoeidoti of gluten under the influenoe of the ij^ therefore, 

analogous to the putrefoction of albumin. In both eases albiiminous "idbataaoea 
nndei^ a senes of transformations di£l%rent fjrom;^hst vhlth occurs in the healthy 
animu organism, and the products formaci^^Te, in oonsa^enoe, difibrent properties. 
The end-products, however, are the same in both series. Ergotine, therefore, belongs 
to the class of putrid products. See also Squibb Aaeoc. Proc, 1878, 

967 ; Trans. [3], iv*912, 966). • 

The following substances diave been obtained ftom ergot by Dragcndorff {PJtarm. 
J. TVuns. fSJ, vi. 1001). 1. Sdsromuem. — This is% nitrogenous colloitdal substance 

extracted mm ergot by water, and precipitated by alcohol of 40-46 per cent. : when 
once dried, however, it dissolves in water with difficulty. It does not give any 
albuminoidal reaction. 

2. Sdsrotic acid , — This body is extracted %y alcohol of 46 .per cent., and passes 
into the diffusate in dialysis, but is e^loxdal after its sepMtion in the pure state. It 
is precipitated by alcohol of 90 per cent., together with lime, dec., but, after tteatment 
with hydrochloric acid, may bo separated iiom the ash by addition of alcohol. Its 
solubility in water renders it better adapted than scleromucin for therapeutic 
purposes. It is tasteless, scentless, slightly hygroscopic, and givesfno albumiiKdCd, 
alkaloid, orglucosidal reactions. 

3. SeJereryihrin. — This compound is contained in the red colouring matter which 
is dissolved out by alcohol from the residue left on treating ergot with aqueous 

. tartaric acid, and may be separated by further treatment from a brown resinous 
substance. Sclereiythsin is insoluble in water, but soluble in alcohol, ammonia- 
solution, &c. ; its alkaline solutions fMof a murexid colour: it fovmM a red mixture 
with aluminium sulphate and zinc chloride, and gives a blue precipitate with barium 
salts, &c. The amount of this body contained in eigot is very small, jind it is sup- 
posed to stand in near relation to chrysophauio acid and alizarin. Together with 
sSlererythrin another colouring matter is obtained, which when isolat^wis bo longer 
soluble in water, &c., but dissolves in potash witli a violet colour, from which it is 
precipitated by acetic acid; concehtrated sulphuric acid dissolves it with a blue 
colour, and on this account it has been called sc^m>ted»n ; it is similar to sclorarythrin, 

^ of which it is probably a decomposition-p^idact. 

4. ScUrocrystallin undScleraxanihin, — After sclerezythrin and scloroiodin lia^e been 
removed from ergot powder, other takes up a mass which cjystallises partly in 
colourless needle-shap^ ciystals, partly in lemon-yellow crystals. The needle-shaped 
crysrals (sclerocrystallin) aro almost insolifble in water, See,, but agiubie in ammotya 
and potash solutions, and have the composition 0**H’*0^ The yellow cnstallike 
body (scleroxanthin) appears to bo a hydrate of Bcleracry8tallin,^2C**H**0^.3H*0, and 
is transformed into the latter by heating with chloroform. NoiSher of these bodies 
has any effect on frogs. 

Dragendorff has also obtained two other substances from ergot, but they bare not 
yet been examined. 

A substance called ergotinino, described by Tanret (Campi, rendS^Lxni, 896) as 
an unstable alkaloid existing in voiy small quan^ty in ergot, is, according to 
Dragendorff. a mixture of sclererythriu with other HUtB|tances. Beboline (^2nd Suppl, 
469) he regards as identical %ith ergotine. ^ 

aOBZCintOV* On the Detection of Adulterations of the Volatile Oil oi Etigerom 
eatutdense with Fixed Oils, s ie K, J. Week {Amer, Ph^n. Assoo, Proo. 1872, 
p. 242). ^ 

WBKtUkX or anUAVZTB. The fnpposed mineral species l^us desiraated, 
trem the Bngebirge (ii. 601), appears, ^m a microscopic examin^on by Frenzbl" 
(Jahrh. Min, 1873, 790), ix> be a mixture coutaining quartz, felspar, and garnet. , 

mrcxo Acz», C»H»0> (ii. 601). G. Q*old8chmiedt^Wief*, AJtad, Psr^lxx. 
4Sl) has founa this acid, together with benie acid, in the o^ expressed drom black 
mustard seed. By the action of hydriodic aeid and amorphous phosphorus, it is con- 
verted into an acid probably isomeric with benie acid, * 

muMPXVa ummMMrn On the Ejmptire Bocks of the Bannat, of Mitylene, 
and of Styria, see j€ihrssberkjkt /• CMiie, 1878, 1218-1220. • On those of the 
Fichtelgebiige ; Jahrb, f, Min, 1874, 436 ; JaMrsdb.ft, Chtm^ 1874, 1302. 

■XTliinMt. A substeffiee produced, acootdinir to Brticko, hy|^the 
action of znalt-extract on starch (^.v.) • ^ 

affix TJUUanif C*H*(On)*. This tetraiomic alcohol, distilled with fire titles 
its weight of cencentrated formic acid, yields, firsitfihe monoformin of the uosatorafidr 
glycol, C*H*(OH)*, then carbon dioxide and a hydrocarbon, C*H* (probably ethyl*. 

Zrd Sup, 3 B 
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acetylene, which solidifiee in a freezing mixture (Henninger, Bvlh Soc. 

Chim. [2], yz. 2, 145 ; xxi. 242). 

On the reaction of erythrite with dehydrated oxalic acid, see Oxalic Acid. 

smTTH&oaUCnxar. See Dbxt|p (p. 629). 

aaTTSKOrasirzO a.czi». According to Jacquemin (Still, Soc, Chim. [2], 
XX. 68), the sodium sdlt of this acid is^roduced by the^tion of sodium hypochlorite 
qn a mixture of aniline and phenol. At forms s^t-soli^ions of a deep blue colour, 
' reaction which may be made available for the detection of aniline or or phenol. 

» JS. wimenee, is a tall leguminous tree growing on 

the west coast of<»Africa. Its wood is Tory hard, and is covered with a hard fibrous 
and odourless bark, which contains an active poison, called ery throphleine. This 
substance is a base, and may be obtained by extracting the pulverised bark with 
alcohol, evaporating the tincture to a small bulk, treating this with warm water, 
evaporating the aqueous extract at a low teifiperature, rendering it alkaline with 
ammonia, or sodium carbonate, and extracting with €icetic ether. On evaporating 
the resulting solution, the base is left. It is only slightly soluble in ether, benzene, 
or chloroform, but dissolves in water, ethyl acetate, amylic ^cohol, and ordinary alcohol. 
It forms salts with acids, and its chloride is precipitated by platinic chloride, forming 
a double salt. Solutions of ezythrophleine exhibit the following reactions 

Picric acid : yellow g^een precipitate. 

Iodine in potaaaium iodide i reddish-yellow precipitate. 

Iodide of mercury and potaesium : white precipitate. c 

Iodide of hiamvzk and ct^dmium : fiocculen^ white precipitate. 

Potaeemm bichromate : yellowish precipitate. 

Mercuric ehl^ide : white precipitate. 

Auric cMoriae : whitish precipitate. 

Palladium qfiloride : white precipitate. 

In contact with manganese peroxide and sulphuric acid, ei^throphleino develops 
a violet colour, less intense than that produced under similar circumstances by 
strychnine, and soon changing to a dirty-br^wn. 

Erythr^hleine possesses very mark^ to^ic properties, and must be placed aipOQgst 
those poisons which exert a paralysing action on the heart ; its effects are by 

curire, but not by atropine (Gallois a. Hardy, Bull, Soc. Chim, [2], xxvi.v^W * 

1C, Coummga is a variety resembling E. guineenee. All parts of it are 'Imp^pus, 
and the poison cofi^'sts of an alkaloid, the^physiological effects of which arc sitnilar^ 
to those of erythropl^cine. 

ll]aTTB]tOFBy]L&. See Plant-Colours. 

mtTTBROP'nftOCATBCBZir. See Pybocatechin. 


a'TTBBOBYBBTBRBQirZirO: 


See Anthbaquinonb (p. 99). 


BSltt ABTyXTB. This variety of hydrous dichroite, originally found at Srevig 
in Finland (ii. 820), occurs also at Vestre IQorrestad, in Bwle, Norway, foimixig poly^ 
synthetic twins^ but as one individual predominates, and innumerable twin laT^jpip 
interposed, the crystals appear to be simple. They have a peculiar rounded sur&ce 
resembling that obtained by fusibn, and are often covered with a fine greenish^black 
crust, which gives them {* very peculiar appeaiance,*diff4niig completely from thiit af 
felspathic minerals, but approaching that observed^n the plagioclases of Bodenmais, 
Orharfvi and Lojo," The crystals exhibited the following forma : oo T' . oo 'B? 5. 
ooP& . 0P.,P,o5 .2^, 00 . 2'F, So . ,P^ th« types being either tabular through 
basal terming plane, or prismatic. They ^ twinned according to two laws, vik ; 
(Ist)* twin-plane the brachypinaooid ; (2nd) twin axis, the nstacrodiagonal. Complllle 
basal^ cleavage ; less complete, parallQl to the brachypinaooid. H ~ 6. Sp. gr. — 2*6flS. 
Coloiur bluiah-grey. Pearly lustre on the cleavage planes, resinous lustre ou ficacturoi. 
The esmarkite is acooihpuiied by hornblende, apatite, and magnetic iron pyrites 
* (Brogger a. Beusch, Jahro, Min, 1876, 196). 

• This gas, subjected to the action of the silent 

electric disohaige (p^ 729), yields firee hydrogen, and a small quantity of aoetylene^ 
together with resinous hy<kocarbcn8 (Berthelot). I., 

(^n Nitrihcthainee kee NiTRO-PABAFFiNS un<^er Paraffins. * 

Sec Etutlicne. 

< — C — CH* ^ Vi ^ 

BB.PXm C«H*N0 « , is filmed 1^ 
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boating oriho-amidophfnol with acetic anhydride for oomo time in a vossol with reflux 
condenser. It is a colourless liquid, boiling at 200^~201^» smelling lik#f acetamide^ 
insoluble in water, easily soluble in alcohol, and appears to ferm a comTOUud with 
calcium chloride. Sp. gr. 1*1365 at 0*^. It turns reddish when exposed to the air, 
and, when loftfor a long time under water,1h is converted into acetylamidophenol 
C*H^0HXNH.C’H*0). The salts of ethenyl-amidopheuol aiu difficult to prepare^ 
on account of the easy deoomppsition of the bag e by water. Tne sulphate and hpdro^ 
ehlorie^ are oiystalline. TJ^e platinochloride, (C*H^NO.HCl)*,PtCl*, disBolves* verx- 
easily in dilate alcohol, being apparently resolved ah the same time into its componentSV/ 
(Ladenburg, Deut. Chem. Gts, Jffsr, ix. 1624). 

BTHSXrn-linTKTb-ABKZBZWa, or BTXffirn-BXBTHrilb-* 
AXmKXam, C‘H'*N* - H»0— MetoUiylamideNH(C«H‘)(C>H*0) 

is acted upon by 1 mol. P01\ a browg-red syrup is obtained, which yields a platino* 
chloride, (0*H**ClN*.H01)^Pt^l^ crystallising in the monoclinic system. The free 
base, separate from this salt, is on oil which has a tarry odour, and 

cannot be distilled without decomposition. On gently heating it vtith solid potassium 
hydroxide, an energetic action takes place, attended with separation of potassium 
chloride, |uid lowering of the boiling point of the liquid from 220'’ to 170**, and 
ethenyl-dietbyl*amidin6 is formed, as an oily base which boils without decomposition 
at 165^-168**, dissolves in water, alcohol, and ether, precipitates most metallic salts, 
and is capable of dissolving recently precipitated alumina (Wallach a. Hoffinann, 
Deut. Chem. Ges. Ber. uiii. 313). • 

wxmmarn.'nTmmmam-AmAan, C"U>«N>. U'C— Di. 

phenffl-acediamine . — This base, already described as ethenyl-diphenyl-diamine (ls< 
Sup^. 588) was discovered by Hoffmann, who obtained it by the action of phosphorus 
tclcnloride on a mixture of aniline with acetanilide or acetyl chloride# '^E. Lippmann 
{I)eut. Chem, Ges. Ber, vii. 541) prepares it by the action of phosphorus pentachloridr 
on acetanilide, and explains its formation by the equation, 


?=<co“cH» + = h'c-o<K?* 

>. ^ AoetatiUidd (2 mols.) Bthonyl-dJpbeiiyl.amidlne. 

+ COOH»C1 +^P001» + HCl. 

• ^ 

When the two bodies, in the proportion indicated, are mixed together in a flask, the 
mixture becomes hot and liquefies, with evolution of hydrochloric acid ; and, on heating 
the flask with an upright condensing tube attached, the mass tWms brown, solidifies, 
and gives off more hydrochloric acid. The magi is then to be dissolved in water, 
the base precipitated by ammonia, freed from resin by repeated solution and fractional 
precipitation with ammonia or potash, and finally purified by crystallisation 
alcohoL Wallach a. Hofibiann {ihid, viii. 1567) regard ethenyl'di^onyl'amidino 
as onl;jr a secondary product of the decomposition of acetanilide. By treating acetani- 
lide with PCI* in such a manner as to avoid rise of temperature, they obtain acetani- 
lide ehloride, CH* — CCl~rNa-C<H*, as a well-ciystalj^M compound, which is strongly 
acted upon by aniline, with production jof ethenyl>diphenyl-amidine. (See AomAta- 

wciMnyl-dipbenyl-ainidine boil^ with dilute alcohol is resolve^ by assumption 
iff 1^0, into acetanilide and aniline (p. 71). When treated^with hydrogemsing 
. ooiiNt (as Sn and HCl, Zn and HCl, or in tcetio acid solution with sodium-amalgam). 

..L V.. ^ 4 .^ TTs ...4 . i 


2 lnal. aniline. With bromine, itforms a dibromide which cr^tallises with difg^Hy 
iff broad laminib. "With Jumingmtrio acid, it yields the nitnteofe thenyb-dinitro- 
phenyl-amidine, C**H*^NO*)*N*.NO*H, which does not dissolve in water, alcohol, 
ether, alkalis, or acids, but u gMually converted by boiling with water or adds in ^ 
s^ed tubes, into nituniUne(ni. p. 141^), and muction into paraphenylene- 
d^amine (Lippmann). * , ^ 

obSiiMd boUii^ orthophenylenediamflie with glacial acetic Mid ^Lad^ba^ Smi^. 


CSkem, Che. Ber, viii. or by reduction of orthonitracetonilide with tin andgladal 
aeelic Mild (Hubner a. Hudolph, ibid, 471). It Crystallises in long shining nfsdlee 
wlaeh indlt at 170^ (Hubner a. Rndolph^ at 1752 (Ladenbnig), deliquesce in etbfgr, 
and dissotre easily in alcohol and water. The hy^ocUoride eSil eu^kate fSerm ean^ 
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soluble needles ; th.& platino-ckloride is very efflorescent ; the nitrate is less soluble, 
and forms thick shining yellowish needles (Hubner a. Rudolph). 

Acetolnidide, treated with phosphorus 
pentachloride, is converted into acctoluidiSe imidochloride, H*C — which, 
when treated with anhine, toluidine, o| naphthylamine^iyields : 

B!fhmyl‘phenyl-tclylu'midine^ H*C — white needles, melting at 
86 ®- 88 °. * 

Mker^UdUolylamidine^ H*C — , m. p. 117®-118®. 

Mkenyl’^pUhyl-Udylamidim^ • 

The imidochloride is converted by heat into t]^ hydrochloride of a base, C“H‘*C1N®, 
which melts at 71®-72®, and decomposes at about 130°, turning brown, and yielding 
the hydrochloride of a new base (Fassbender, Deut, Chem, Gee, Ber, ix. 1214). 

aTBSmrXi-TOJbnBara-BZAaKnra, 0'HO^^^C.CH*, is formed by boil- 

ing parameta-tolylene-diamiue (m. p. 89°) with glacial acetic acid. It ^ melts at 
196°-198°, and is converted by fuming nitric acid into a nitro-derivative, which 
crystallises in needles, and decomposes without fusion at 183°->18d° (Ladenburg, 
ibid. viii. 677). 

aTaum.-TuoAxso»zo aozb, t;>H*o>=°H‘Cf-C(Com)*. is formed 
from ethylic mouobromosuccinate by successnre treatment with potassium cyanide, 
hydrochloric acid, and alcoholic potash (Orlowski, Dmt. Chem* Gee. Ber. ix. 1604). 

Formation . — A mathematical theory of the laws of etheridcation, 
experimentalWc^establiHhed by Berthelot a. P4an de St.-Gille8 (Is^ Suppl. 686), <8 
given by J. HU van ’t Hoff {Beut. Chem. Gee, Ber, x. 669 ; abstr. Chem. Soc. J, 1877, 
ii. 670). The formula which expresses the amount of etherification produced is 
exactly similar to that which J. Thomsen has deduced for the partial decomposition 
of salts by acids (Poya. Atm. cxxxviii. 65)* the two formula, moreover, containing 
the same conBta 3 its. Hence it appears that the formation of ethers, and the partial 
decomposition of salts by acids, follow the same laws. 

Experiments on the etherification of various alcohols by acetic acid have 
been made by Nj* Menschutkin {Deut. Ch>m, Gee, Ber, x, 1728). The experiments 
consisted in ueating glass tubes of about 1 c.c. capacity, containing mixtures of 
alcohol and acetic a8id in molecular proportions, in a bath of glycerin heated to 
163°-164°. The amount of ether thus formed in a given time was estimated by 
withdrawing a tube from the bath, cooling it quickly, and determining the residual 
acetic acid by titration with baryta- water. 

In tills way an estimate was obtained of the amount of ether formed in 1 , 2, 4, 7, 
10, 14, 24, 3^42, 48, 72, 96, 120, and in a few cases 144 and 168 hours. The most 
importivnt data are — (1). The initial rates of etherification (that is, the proportion 
of ether formed in the first hour, expressed in percentage of the total theoretical 
amount), and (2), the limit of, etherification, similarly Lexpressed. These numbers 


are given in the followi 


ing table P 


Methyl acetate . 

tfal rate 

. 67-2& 

Limit 

71-46 

Ethyl 

i» ' • • 

. 46*60 

69*61 

Tropyl 

11 • • 

. ^ . . . 46 39 

70-90 

Isobutyl'' 

11 • • 

. . . 4640 

73-46 

Octyl 

CV'tyl 

11 

46;.'i6 

82-24 


€> 

87-17 

AIM 

•1 • • 

36-80 

L 61-88 

ncn^fvl 


37-77 

63-97 

Jr^tyrvl 

11 • • 

37-21 

64*58 


A distinction has to be made between the absolute and the ]c.»lative rate of ether- 
ification, meaning by the former the proportion of alcohol or acid actually etherified 
to the total quantity employed, aod the latter the proportion of ether form^ to 
the amount debermiued by the limit of e{heriflcation. As regards the prima^ 
saturated alcohols, it is found that methyl alcohol differs considerably in its initial 
rate (absolute, 67*26; relative, 80*Jl) from the rest, which all have an absolute 
ini traV rate ofabout 46 ‘6. A review of the whole of the numbers furnished by these 
alcohols (with the exception of melltyi) shows that, though the rate of ‘etherificatioii 
during the first hour is nearly the same in all, it afterwards becomes distinctly 
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greater in alcohols of higher molecular weight ; heuce the limit is also higher, as is 
shown hy the table. 

The relative rate of etherification deceases regularly with increase of molecular 
weight, the numbers for ethyl, propyl, isobutyl, and octyl alcohols being respectively 
67‘94, 65*48, 61-80, and 66*64 t 

In the non-saturated alcqhols the initial rates, which are nearly the same hi all, 
are about 10 lower than in the saturated alcohols. The relative rates for ally!, 
benzyl, and styiyl alcohols are 59*46, 69*04, and 67*61 respectively. 

The Hmit of etherification of the saturated primary alcohols j[omitting methyl 
alcohol) increases with the molecular weight, being about two greater for each higher 
homologue, as is shown by the foregoing tal^. This seems to show that differences 
in molecular weight have a much greater infnxence upon the limit of etheriScation 
than was thought by Berthelot and B4an de St.-GiUe8. 

Fwmaiion from 'NUriU. — Ethers are readiljr formed by the action of hydrochloric 
or sulphuric acid on solutions of the nitrils in absolute alcohol, ethyl acetate 
from acetonitril, ethyl propionate from propionitril, and ethyl bensoate from wnzonitril 
(Beckurts a. Otto, Chim, Centr. 1877, p. 6). 

C6hea ^» — By determination of the weight required to separate a circular plate 
from the surface of various liquids, and by observation of the heights to which the 
liquids rise in capillary tubes, it is found that, of all liquids yet examined, the com- 
pound others are the least cohesive, (^d amongst these, the cohesive force is smallest 
in the sulphur^ ethers (ft. Schulz, Fogg, Ann. cxlviii. 62~76)> 

Action of Hydriodic Acid on Ethers, — Simple ethers treated with this 
acid at low temperatures (0** to 4°), are converted into alcohols and tl^ corresponding 
iodides, e,g , : 

. (Cf»H»)*0 + HI « 0»H»0H + 0*H»I. * 

Methyl oxide, however, yields only methyl iodide without the alcohol. 

Mixed ethers are acted on in a similar manner, the iodine attaching itself to 
the lower, and the hydroxyl to the higher ^Icohobradicle; e.g, ; 

* *CH*|® - 6'H'OH + OH'L 

With mixed ethers containing methyl, the reaction is so complete that it may 
be used as a moans of preparing alcohols nfit easily obtainable bv ^jXier means. The 
corresponding hydrocarbon, is to bo converted into tge chloride, and the 

chloride into the mixed ether, — O — CH", which, when treated with hydriodic 

acid gas, will give the alcohol, (Silva, Compt, rend, l<xxi. 823). 

Action of Iodine and Aluminium, — Ethyl oxide is not affected by boiling 
with aluminium and aluminic iodide, but, on bringing it in contact with iodine and 
aluminium, a brisk action takes place for a few minutes ; and if the ^issk be then 
heated by immersion in boiling water, a brownish ethereal liquid distife over, and a 
brown semi-solid substance remains in the fiask, which, when heated to 1 60^, and 
afterwards to 200^, gives off more of the oily liquid, and leaves a light brown residue 
almost wholly soluble in watAr and in alcohol. Thi^Tesidue, heated over a lamp, 
mves off gas partly absorhabje bv bromina— the remainder burning with a faintly 
luminous flame — and leaves a residue of alumina mixed with fi little iodine. 

The oily liquid, after being waSl-ed with water, comdste mainly of ethyl iodide, and 
the soluble residue of aluminic iodetbylate,^onned according to the equation, 

SCOH*)*© + Al* + I* + 3C'H*I. 

• * • • 

The quantity ethyl iodide obtained is however greater than that which agrees %ifh 
this equation, so that the iodetliylato probably suffers partial decompointioti into 
alumina and ethyl iodide, thus : 

= Al-O* + 3C?H*1. 

At higher temperatures the ethyl iodide is likewise dqpomposed, yielding the gaseous 
products above mentioned. . # 

Aluminium iodethylate is also formcifi, with evolution of hydrogen, when ethj(L 
alcohol is heated to 100^ with aluminium and its iodide : 

.6C*H*0H + A1*I» + A1‘ - + 8H* 

The residue in the flask consists of aluminic iodethylate mixed or combined with 
alcohol, and when heated to 100^ to 200^ gives off alcohol and ethyl iodide, leaving 
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alatnitia with a small quantity of iodine. The ultimate result is therefore the same 
as that in the experiment with ether, bah the decomposition of the iodethylate into 
alumina and ethyl iodide appears to be nMsilitated by the alcohol contained in the 
residue, in fact, by a^.^tion of alcohol in successive quantities, the whole of the iodine 
may be ultimately converted into 4jthyl iodide. The reason may therefore be 
snpi^sed to take place in two stages, as represented by ithe equations, 

Alf ^ ^ Alf + 3C»H‘I. 

and * “ APO* + 3C*H*OH. 

Amyl oxide, is acted upon bv iodine and aluminium in the same 

manner as ethyl oxide, yielding amyl iodide ano^luminic iodamylate, Al*^OC*H “)•!■. 

The acetates of ethyl and amyl also suffer a similar decomposition, yielding 
iodide of ethyl or amyl, and acetate of aluminium, the action in the case of any com- 
pound of the fatty series, being represented by the equation, 

+ Al* + !• - 6 C“H*p+*I + A1*(CpH»p-^ 0«)« 
(Gladstone a. Tribe, Chem» 8oe, J. 1876, ii. 357). 

On Relation between the Boiling Points of Compound Ethers and their Molecular 
Siructuret see Boinino Points under Hjbat. ^ 

On the JSifflux-coefficients of Ethers^ see L^ums. 

On the Heat of Formation of Ethers^ see Heat. 

On Tiiania Ethers, and the Compounds of Ethers with Titanium Tetrachloride, 
see Titanium Compounds. 

BTBlOiriO JkOXTt, C’H'SW = This acid is most eas'ily 

prepared by the direct action of sulphuric acid on isethionic acid, C®H^(OH)(SO*H). 
Barium isethionate is triturated with the, calculated quantity of sulphuric acid, the 
mixture diluted with W 9 ,t 6 r and filtered and the filtrate satunUm with bariumc 
carbonate. Tfib solution, after another filtration, is evaporated on the water-bath, the 
residue stirred up with water, the separated barium sulphate filtered off, the filtrate 
again evaporated, and these operations ^are repeated as long as barium sulphate 
cohtinues to sep^'ite. B^ this treatment about | of tbo isethionic acid is found to be 
converted into ethioijic acid (Erlenmeyer a, Carl, H Rep, PharTn, xx.m, 428), 

HTHOnSBTBOXYaXIWXOXC or MBTBTXi-BTBTB-BBOTOOATB* 
OBirXG BGXXI, C®H*(OCH®XOC*H*)CO*H. See Benzoic acIds (dioxy-), (p. 291). 

BTBOBAZiXG BGXS. The potassium salt of this acid, C20XC^H*)K, heated 
to 210^-216°, gives off carbon monoxide, and is converted into ethyl-carbonate, 
CO"(C*H*)]tf^Eltekoff, Ihut, Chem, (res, Ber, vi. 1259). 

STBOBXBBBGYXiXG or BVaTXi-BJkBJkOBYBBBZOXG BOXX>, 

C*H*(OC*H*) — 00*H, is formed by oxidising ethyl phloretic acid, C*H"(OC®H®J — CO*H, 
with cold chromic acid mixturt. As thus product it iSelts at 195*^, and exliibits all 
the other properties ascribed to it by*Ladenbu,Tg Fitz Suppl, 898). See 
Phloretic Aom (Koriier a. Corbetta, Beat, Chem, Ges. Ber. vii. 1731). 

■TROX-n8bBinnnUOBCZ3k,^|^C<^^^,u formed, as potaesittm 

salt, by the action of alcoholic potash on ^ alcoholic solution of monobromoisobutyric 
acid. It is a colourless liquid, of penetrating ethereal odour, and pungent burning 
taste, soluble in alcohol and ethert and sparingly in wate^. Sp. gr. at 0® — 1*0211 ; 
at f6®— ^'0101, water at the same temperatures being 1. It forme easily soluble 
and crystallisablo saltb. The stiver salt, C^H**0*Ag, ciystalHses from hot water in 
white lamime, which in the moist state quickly turn brown in the light. The 
lead salt, {C®H“0*)*Pb + H*0, ciystallises from water, in white translucent prisms. 
The 5ar»t<m salt, (C*H**0*)*Ba + H*0, forms tlnck transjulhst prisms. The rinc 
salt, (C*H**0*)’ZnJ when freshly prepared, crystallises from hot water in pearly 
laminae, which gradually lose ^ter when dried by heat or over sulphuric acid, and 
yield an insoluble *l)asic salt. The copper salt forms ^een laminae; the sodium 
salt a granular crystalline mass ; both easily soluble in water and alcohol (Hell au 
TyaldlSuor, Deut. Chem. Gcs. Berjtx., 448). 

BXBOBTBAXUkMXBOBISXrXOXO BCXB, » 

C»H<(OH)— C«H»(NH*)C00H (Ladonhurg, Deut. Chem. Ges, Ber. vi, 129). This acid, 
metameric with tyrosine, C*H\OH) — C®H*(NH*)COOH (paraphenoxy-amidopropionic 
acid, Suppl, 1113), is prepared by heating ethylene oxide and pararoidobeinxoic 
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acid (1 mol, of each) in sealed tubes to 60^ for two days, rinung out the oontents of 
the tubes with cold water, which dissolyes but veiy little of them, then repeatedly 
washing the residue with cold alcohol, and ifeystallising it several times ftom warm very 
dilute alcohol. 


Ethoxyparamidobenzoic ^id thus obtain^ crystallises beautiful prisms, 
sparingly soluble in cold water and ^cohot, eatily in hot dilute alcohol. It melts at 
187^- Its solutions give nb turbidity with leaa^cetate, whereas this salt added to 
hot solutions of paramidobenzoic acid, produces after a few seconds a crystalline 
precipitate consisting of a double salt of paramidobonzoate and acetate of lead. 




Ethoxyparamidobenzoic acid unites both #]th acids and with bases. The metailie 
ethoxyparamidobenzoates are for thajpost part easily soluble in water. Ethaxwara’' 
m^Senzoic nitrate, C*H**NO*.HNC^i8 formed by dissolving the acid in very dilate 
nitric add, and separates on leaving the solution to cool, in laminse, the solution of 
which when slowly evaporated yields the salt in beautiful needles and prisms. 


aTBOXTmzonXi OBZiOSUSat SO(OC*H*)Cl, is formed by the action of 
phosphovus pentachloride on the ethylic sulphite prepared from sulphur chloride and 
alcohol : 


SO 


OC’H» 

OC*H» 


+ PC1» - PC1*0 + C»H»C1 + SO 


OC’H* 

Cl 


The action takes place at ordinary temporaturos, merely requiring the aid of heat 
towards the end. The same compound is formed, though in small quantity only, by 
passing hydrochloric acid gas into alcohol saturated with sulphurous %jcid, and heating 
the resulting liquid in a sealed tube placed in the water-bath. 

• Ethoxy^ionyl chloride is a colourless, slightly fuming liquid, whi^^'boils at 122° ; 
the isomeric compound ethyl-sulphonic chloride, SO^qJjjj, boils at 171®. It is readily 
decomposed by water, yielding hydrocblonc acid, alcohol, and sulphurous oxide : 

+ H’O =*Ha + C*H»OH + SO»., 


It is not attacked by phosphorus pentachloride at the temperature of the boiling 
liquid, but when heated therewith in sealed tubes to 180*^, it yiel^ phosphorus oxy- 
chloride and thionyl chloride : ^ 

SO(OC*H»)Cl + POP « SOCP + PCPO + e*H*Cl. 

Since thionyl chloride and alcohol yield ethylic sulphite ^v. 564), and the pre- 
ceding experiments show that the two ethyl-groups in this ether can be successively 
replaced by chlorine, it follows that etbjrlic sulphite has the symmetrical constitution, 

SO <Coc*H* Wagner, Deut, Chem. Gee, Ber, vii. 1073). ^ 


STKT& AJEiCOBOZi. This alcohol, and some of its compound ethers (acetic, 
butyric, &c.), have been delated, together with metl^l alcohol, in several growing 
plants, namely in the fruit and umbel-stales of HerMewm yufanteum, the fruit of the 
pannep {Paetimxca mtiva), ttnd the uiAripe friiit of Anthri^pue cer^otium, and must 
therefore be regarded as an occasi(^l constituent of plant-juices which have not under- 
gone the process of fermentation (^Gutzeit, hUH^e Annalen, clxxtii. 844 ; Chem. 8oo, 
J. 1876. p. 1247). , . 

Ethyl alcohol is produced in the fepentation of dough, and though the greater 
part eyapoxates during liking, a small quantity remains in the brea^ amou&ing, 
according to Bolaa Newe, xxvii. 271), To 0*814 pe^ cent. Slices of^bread 

which had been kept for a week in a moderately warm room, were B^jll found to 
contain from 0*12 to 0*132 per cent, alcohol. * 

Ethyl alcohol sometimes occurs in considerable quantity in crude wood-spirit. 
sample of this spirit from Kahlbaum's factory in Berlin, was found by V. Hemilian to 
yield, as principal fn^iifcon, a liqtiid boiling between 78® and 80^, one-fourth of which 
consisted of ethyl alcohol {Veut, Chem, Gee. Ber. viii. 681). 

UCarkownikoff (i6id. ix. 1441, 16081 has detectedP alcoW and acetone in the urine 
of diabetic patients, and supposes that both these suhstauefte are formed in the 
oiganism by a fermentation of glucose induced by a peculiar acetone ferment. 

FormatioTi. — 1. From Ethylene. This gA, brought in contact with Stmng 
sulphuric acid in Butlerow’s apparatus for effectii^ the continuous absorption of gases 
by liquids (Deut, Chem, Gee, Ber. iii. 422), is not absorbed at ordinary temperatuios ; 
but on beating the apparatus to 160^>-176® (in vapour of turpentine oil), rapid and 
continuous absorption takes place; and on subs^uently distilling the liquid with 
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water, and treating the distillate with potash, considerable quantities of alcohol are 
obtained. In !^rthelot*B method of effecting the absorption of ethjlene-^s with 
sulphuric acid by continued agitation (i. 7^ it is not improbable that the effect was 
due to the heat developed by the agitatio#(Q^opiainow a, Butlerow, LUMa'a Annalen, 
clxix. 146). ^ 

2. From milk-sugar. According^ to Eeichardt {A^ck. Pharm. [8],v. 210), milk- 
sugar”! n contact with yeast passes into alcoholic fermentation at 30^. This observa- 
tion explains the preparation of i^n alcoholic drink, namely koumiss, from mares’ 
milk, in the warm climate of Asia, also the prevention of fermentation in milk by 
rapid cooling and preservation in cool places, and protection from the contact of 
ferments such as dough, yeast, water containing fermenting liquids, 6sc. 

Preparation of Absolute AlcohoL — Aqpording to C. Bullock (Pharm, J, Trans, [3], 
iv. 891), the distillation of spirit over quick-lime yields but a small quantity of 
perfectly absolute alcohol, the iirst and last portions of the distillate always containing 
water. All the distillates contain lime, which may be removed by distillation over 
tartaric acid. J. L. Smith {Amer, Ckatnutt v. 120) prepares absolute alcohol by 
shaking 180 grama of coarsely pounded quick-lime into litre of alcohol of 94 per 
cent., and leaving the mixture to itself for a week, whereby the alcohol is brought up 
to the strength of 98 per cent. This stronger alcohol is then drawn off by a* syphon, 
heated for two hours in a vessel with reversed condenser with a fresh quantity of 
lime (120 grams to a litre) and then distilled. 

According to Ilittmar a. Stewart {Ghem. Neii^s^ xxxiii. 6^)« the last portions of 
water are retained by alcohol with great o^tinacy. Alcohol containing from 6 to 
28 per cent, water boils between 77*4*^ and 7^ (absolute alcohol at 78*^). 

Oxidation Ozone. — According to A. Boillot {Compt. rend, Ixxvi. 1132), absolute 
alcohol through which ozonised oxygen or air is passed, yields acetic acid, formic add, 
and apparenUy^also ethyl acetate. There is also formed a very small quantity of a 
compound which remains, on evaporation of the alcohol, as a white powder soluble 
in water. 

By Mectrol^tio Oxygen. — ^When ethyl alcohol, slightly acidulated with dilute 
sulphuric acid, is submitted to electrolysis, nydrogen gas is evolved at the negative 
pole, but the oxygen, which would othorvnse bo liberated, is entirely consumed in 
oxidising the alcohol. In experiments made by A. Henard {Compt. rend. Ixxx. 105), 
die liquid distilled after 48 nours* action began to boil at 42^, the boiling point 
rising gradually 80®, and the distillate saturated with calcium chloride, and 
fractionated, yielded a considerable quantity of aldehyde, ethyl formate, and ethyl 

acetate, together wit^ very small quantities of acetal, C®H* j QQjg-^.and ethylidene 

monothylate, . This last compound, which passes over between 80° 

and 90®, is not attacked by alkalis, but is oxidised by chromic acid to acetic acid, the 
molecular wef{!||tit, represented by the formula just given, yielding sensibly 2 mols. of 
that acid. The residue of the distillation of the oxidised alcohol contained ethyl- 
sulphuric acid, likewise resulting from the electrolytic action. 

Action of Platinum~metal8,~-^\viely divided rhodium? iridium, and ruthenium in 
presence of an alkali, decompose alcohol, wdthjelimiyation of hydrogen and formation 
of an acetate (Deville a. Debray, Compt, rend. Ixxviii. 1782). 

Aotioth of Promise, — When bromine is dropped 4it intervals, so as to avoid rise of 
temperature, into absolute alcohol contained in a long-necked flask, the neck then sealed, 
and the flask he^cd on the water-bath for several hours till the liquid has become colour- 
less, escapes on opening the flask, and life liquid is found to be separated into two 
layers, the upper consisting of aqui-^ous hydrobromic acid,*and the lower of ethyl 
bromide, free bromal, and bromal alcoholate, C*HBr*O.C®H*0 br CBr*,CH^OHXOC*H^. 
The reactioh may be represented by the equation, 

8C*H«0 + 8Br « C»H«Br + C^HBriO.Cm-O + 4HBr -t- H*0 

(E. Hardy, Compt. rend. Ixxix. 806). A 

Betectum and Estimation , — Kifhe a. Bardy {Compt, rend. Ixxxii. 768) employ, for 
the detection of ethyl s^cohol in presence of methyl alcohol^ acetone, formic acid, and 
other substances, the violet coloration whfeS acetaldehyde, in common with some 
other bodies of the same class, produces with solutions of rosaniline. 

About 4 C.C. of the liquid to be Examined are placed in a flask with 6 c.c. of 
ordinary sulphuric acid and 10 c.c.^ff water; 7 or 8 c.c. are then distilled over into 10 
c.c. of water ; and to this liquid 5 c.c. of sulphuric acid, together with 10 c.c. of solution 
of permanganate of 4® B., are subsequently added. After five minutes have elapsed 
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4 C.C. of solution of sodium thiosulphato of 8S° B. and 4 c.c. of solution of magenta 
litre) are added. Under these conditions ’wood-spirit unmixed with 
ethjl alcohol nves a yellowish-white liquid ; but if et^yl alcohol is present the solution 
assumes a violet colour, the intensity of whidi necessarily varies with tlie quantity of 
aldehyde formed. 

Acetone, formic acid, and isppropyl alcohol, treated in a similar manner, give no 
Momtion ; moreover, while normal propyl-, isooutyl*, and isoamyl-alcohols are not 
found in commercial wood-spirit their aldehydes under similar circumstances a^ect 
rosaoiline in a manner totally different from that ot common aldehyde, and do not 
produce a violet coloration. 

The presence of alcohol may also be detected in water by means of this reaction ; 
the sensibility of the test being sufficient to detect 1 part of alcohol in 1,000 parts of 
water. t 

Fop the detection and estimation of ethyl-alcohol in wood-apirit, Berthelot heats 
the liquid with twice its volume of strong sulphuric acid. If only 1 per cent, of 
ethyl-alcohol is present, ethylene gas is evolved and may be estimated with bromine 
{Compt. rend, Ixxx, 1039). 

For the detection of fusel oil in alcohol, Bdttger recommends the use of a dilute 
solution ofqiotassium permanganate, which is decolorised by amyl alcohol much more 
easily than by ethyl alcohol {pingl. poL J, cevii. 616). The method recommended 
by Bouvier {Z^tachr, anal, Chem, 1872, 343), consisting in shaking up the spirit 
with a few lumps of potassium iodide, whereby a light yellow colour is said to be 
imparted to the liquid consequence of the separation of iodine, is, according to 
Biittger, not to be relied on, inasmuch aa^potassium iodide is nob decomposed by pure 
amyl alcohol, but only by the acids which ore present in spirit of inferior quality. 

For the estimation of ethyl alcohol in tinctures, Kosonbiatt {fiuae, Zeiieckr, Pharm, 
1872, 618) introduces into a burette holding 16 cub. cent, divided inufc*! cub. cent, 
ana closed at the bottom, 7 cub. cent, of officinal chloroform, and 8 cu^r^nt. of the 
alcoholic liquid under examination ; then closes the burette with a cork ; shakos the 
liquid vigorously ; places the burette fop a few minutes in water of 40®-60® ; agitates 
again ; and cools the liquid co 17®. The vojpme of the two liquids should then measure 
•exactly 16 cub. cent. ; if it is larger ^e agitation must be repeated. An exact 
observation is now to be made of the division of the burette which collides with the 
surface of separation of the two liquids, and the amount of alcohol is 'calculatjEKl from ‘ 
the following table : 

Cnh. cent. Alcohol.^ ^ 

2'5 gives 76 per cent. Tr.illen. ^ 


27 

>1 

73 

2-9 

»» 

71 

30 


70 

3 2 

l» 

68 

3'46 

ff 

66 

3-76 

ff 

64 

4 06 

ff 

62 

44 


60 


A comparison of different methods of estiniating aliobol, viz, by the vaporinietric 
method, the distillation raethoA, anti the kac^arimetric method, is given by A. Kraffi 
{Zeitichr, anal. Chem, 1873, 48; Jqhreeh f. Cham, 1873, 961). 

On a Compound of Ethyl-aloonbl with JUyl cyanide, C*JI*Ci4.3C*H*0, see 
Suppl, p. 491 ; with. Antimonio Chloride, s^Aj^imont (p. 114). 

JnPKXIt BftOBCXlMif SROBCOf Ann* Ethyl bromide treated with bromine 
vielde bromethyl bromide *or ethylidene bromide, QU» — CHBr* (b. p. 114®), ethylene 
bromide, GH^S — CH*Br (b. p. 181®), and dibrometbyl bromidd^ C*H*Bp* (b. p. 187'’V 
The first two compounds may be completely separated from onaanother by op alcoholic 
solution of potassium hydrosulphide, the bromethyl bromioe remaining nnalteied 
whilst the ethylene bromide is converted into ethylene-mercaptan, OH*(SH)— OHs^SH). ^ 

When bromethyl ^spmide thus ponfied is treat^ with aqueous or alcoholic 
ammonia, it yields collidine, boiling at 181®. With pqtassinm acetate in 

alcoholic solution, it ^elds aldehyde and acetal ; but otjjiyleno diacetate, which Cfeventor 
mentions as one of the products (Isf 8uptd, 694), was not obsei|;ved 1^ Tawildarow. 
Bromethyl bromide, heated with water and lead oxide, yields nothing but aldehyde. 

Bibromethyl bromide, CH®Br — CHBr®, is also produced by the action of brmnine 
on ethylene bromide. Treated with eodium ethylate it forms two isomeric compounds# 
C»H*Bp*, one Of which boils at 91®, the other at 166®, 

C®H<!L AUum of Btdphwic Anhydride, 
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secondaiy products formed in this reac tion, and occurring in the wash-waters obtained 
on treating the chlorosulphuric ether, 0*H*O.SO*.C1, whidi is the chief product, with 
water, have been examined by E. v. iforgold (Detct. Chem, Qes. Ber, vi. 6D2). On 
separating the free sulphuric and ethyl Alphuric acid by boiling with lead carbonate, 
freeing the filtrate from lead by sulphuretted hydrogen, evaporating off the free 
hydrochloric acid, and neutralisingithe solution ^tn^ barium carbonate, a chlorinated 
barium salt was obtained, the quantities of chlorine and barium in which corresponded 
with mixture of barium isethionate and chlorisethionate. On adding alcohol to the 
liquid and leaving it to itself for awhile, the chlorisethionate, (C*HOlSO*)^a + 2H®0, 
crystallised ovt in the pure state. The presence of isethionic acid was not directly 
proved, but its supposed existence in the mixture is corroborated by the fact that this 
acid is formed, with evolution of hydrochloric acid, by the action of fuming sulphuric 
acid on ethylsulphuric chloride, C*H^.SO*.Cl, a reaction analogous to the conversion 
of ethylsulphuric into isethionic acid by the action of sulphuric ‘anhy^de, observed by 
Moves Annalent cxliii. 64), and to the formation of oxethylene-disulphonic 

acid by the action of sulphuric anhydride in excess on ethyl chloride, observed by 
Purgold. From these results it may be inferred that the action of sulphuric an- 
hydride on ethyl chloride gives rise to the formation of the three isomeric compounds, 
chlorisethionic acid, 0®H^01.SO*.OH, isethionic chloride, C®H*(OH).SO®.Cl, and ethyl- 
sulphuric chloride, C*H*.0,S0*.C1 (v. Purgold, Beut. Ch&m, Qbb, Bet. vi. 602), 

BTKTXi ZOimil, It has been observed by Patem6 ( Gass, ohim, itaX, 

iv. 149), and confirmed by H. Schiff Chem, Gee, Bet, vii. 692), that in the 

preparation of this ether (and of ethyl aostate) a better product is obtained with 
hydrated than with absolute alcohol. 

BTHTTZi^ OSniS, (C*H‘‘)’*0. Action of Osone. — ^When a slow stream of ozone 
(produced ^rom oxygen by a succession of electric discharges, and carefully dried yith 
sulphuric acitt) is passed into ether, oach bnbblo produces a violent reaction, and a 
liquid jffradually settles to the bottom, consisting chiefiy of acetic and oxalic, with a 
little formic acid, a larger quantity of hydrogen dioxide, and probably also small 
quantities of aldehyde (A. W. Wright, 8ili. Am, J, [8], vii. 184). 

Compound with Bromine, 2C^H*®0.dBr®. — This compound is formed, hy direct" 
combination oV ether and bromine, as a heavy garnet-red oil which solidifies in a 
freezing mixture. When purified by draining off the liquid portion and recrystallis- 
ing, it consists ^ brilliant plates resembling chromic trioxide and melting at about 
22*^. It has a ^rong and irritating odour, but does not give off bromine at the 
ordinaiy temperatutke ; it is very deliquescent, and is decomposed by water into its con- 
stituents. On keeping it for some time, it becomes liquid and gives off hydrobromic 
acid. When it is neated, ebullition begins at 80®, and hydrobromic acid and ethyl 
bromide are produced. By heating it in a water-bath in sealed tubes, it is resolved 
into water, hydrobromic acid, ethyl bromide, dibromaldehyde, bromal and tribromo- 
dialdehyde: . 

(l.)‘’2C^H*«OBr« - H20 + HBr + 3 C»H»Bp + C^H^Br^O. 

(2.) 30*H2Br*O = C=*HBp* 0 + C<H»Br*0». 

THhromt^ialdehyde, is a colourless, hea^, oily liquid, boiling at about 

175®, and having a strong and penelhi.tmg odour «(Schutzenberger, Compt, rend, 
Ixxv. 1611). 

On the Compound of Ethyl Oxide with Antinwnic chloride^ see Antimoiit (p. 1 14). 

BietbylU Bthyl Oxide, C*'H*»0-4C!*H\0.Cm*(C*H»)* (Lieben, An- 

naUn, clxxviii. 1). This compound is* most conveniently prepared by digesting 
chlorethylic ethyl oxide, C*H*.0,C^*(C*H*.CI), with rather less theun the theoretical 
quaotity of zinc-ethyr in a copper vessel in which a pressure of about^one extra atmo- 
sphere 18 Liaintained. .Among the products are alcohol, hexylene, zinc ethylate, and 
ethane. The reactions may be represented as follows : — 

01 f P^TT* in ^ f 

(1.) 2C»H* C?H» + - Zna» + 2e«H*4C»H* . 

100^ a l0C?H* 

( 2 .) 2Cm‘ (?H* = 2C«H'» +* 20*H*H0. 

(OCPH* 

. (3.) 2C»H*OH + Zn(tm*)* - Zn(OC*H»)> + 2C*H*. 

Besides the above mentioned substances, two viscous products were obtained, one 
of which boiled at about 200®, while the other boiled above 300®, The former of 
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tteso c»T8 nuiaUrs coneqKMding with the ibninila 0"H»0* and vsa moUbW 
formed by tlw elimination erf 2H(SfiN)m 2 mols. of chlorethjlie ethyl oxide ; iirhile 
the latter, vhu^h contained iraa P^aps derived fipom 6 moU. of ehlorethylic 

ethyl oxide, with elimination of fiHCl and 4C»H»0. 

The cimde diethylic ethyl <^de, obtained tu» above described* boiled at 126®-Ifi0*^, 
and contained about 6 per c^nt! of chlorine, thih being clearly due to the presence of 
unaltered chlorethylic ethyl Oxide; and prolonged digestion with ainc-ethyl, oifwith 
Hodinm and ethyl iodide, did not entirely convert fhis compound into diethylic ethyl 
raide, while its separation by fractional distillation was found to be impracticable. 
The traces of chlorethylic ethyl oxide were, however, removed«by ^e long con- 
tinued action of metallic sodium at 140®, and then fractionation yielded pure diethylic 
ethyl oxide. The ^inm employed in the abopre process becomes converted into a yel- 
lowish piquet, which contains sodium ethylate and the sodium salt of some organic 
acid or acids. Diethylic ethyl oxide may also be prepared by the action of aino on a 
mixture of chlorethylic ethyl oxide and ethyl iodide. 

Diethylic ethyl oxide boils at 131®, and ^s a sp. gr. of 0‘7S66 at 0®, 0’7T02 at 
20®, and 0'7674 at 40®, Heated to 120®-140® for 20-30 hours with hydriodio acid 
of sp, gr, J.'96, it is converted into ethyl iodide and hexyl iodide : 

+ 2HI » C*H»I + C*H«I + IDO, 

and the hexyl iodide Seated with silver acetate and glacial acetic acid, yields a 
hexylene boiling at 6f*.^68®, and a liexyl acetate boiling at 164®-167®. The hexyl 
alcohol obtained by the saponification 9i this acetate forms an aromatic oil boiling 
at 138®, and its oxidation by dilute chromic acid mixture leads to the formation of 
butyric acid, acetic acid, and perhaps a trace of propionic acid, or rather of the ethers 
these acids. Moreover, the hej^lene just mentioned is reconA^ertod into an iodide 
by the action of strong hydriodie acid, and the alcohol obtained from4Ms iodide like- 
wise yields, by oxidation, butyric and acetic acids, which acids are also produced by 
oxidation of the hexylene itself. 

^ These results, more especially the reaction of diethylic ethyl oxide with hydriodie 
• acid, and the subsequent oxidation of the Jiexylene compounds, indicate that diethylic 
ethyl oxide is a hexylic ethylate or ethylie hoxylate, represented by tko formula, 

oTCH».CmCH*CH».CH».CmOC*U»; ^ 
and chlorethylic ethyl oxide is most probably represented by the formula, 
CH».CCl(OC»U»),CH*.CH*. • 


BTBT& BYnbPHXllS and KT3IR08inEiPS»a. 

these bodies with titanic chloride, see Titanium. 


On the compounds of 


See Alltlamimb (p. 81). " * 

MWmULVOMMM* A concentrated aqueous solution of ethy lamino may bo 
dehydrated by potassium hydrate to such a de^o that the potash Buffers no further 
alteration by immersion in the remaining liquid, a On distilling such a solution, 
ethylamine is at first evolved as '^as, b'ut veiy soon a liquid^begins to pass over, and 
the entire distillation is completed before the temperature of the liquid rises to 75®. 
This liquid is probably a definite hydrate of ethylamine (Wallach, Deaf. Chsm» 
Ges, Ber. vii. 326). * 

Ethylamine heated to 100® in sealed tjibes with an alcoholic solnfion of methylene 
torftrfe, yields, together with ethylamine hydriodido, the hydriodide of tetretmyl* 

t^tramethape-tetramine which in the freo%tate is a very volatile 

oily base, very soluble in all aci^, but not forming crystalU^ble salts. The platino- 
chloride, which is perfectly amorphous, has the composition 

The base is related to Sutlerow’s hetmethylenamine (Isf 8uiy^, B20), but difiers from 
it considerably in its properties (Julie Lermontofif, Deut, Chenw Gee. Ber. vii. 1262). 

Action oy CkloriSe of Lime om Ethylamine HarfsecA/erf rfe (T, Toher- 
niak, Dswf. Cnem* Gee, Ber. ix, 143).-— The prwucts of this reaction vary aoeording 
to the quantity of bleaching powder used. If (fiis quantity is not sufficient for the 
complete conversion of the ethylamine into diehlorethylamine 4 or 6 paiits of 
bleaching powder to 1 pt. of ethylamine hydrocUoride) an oil is obteined which jde- 
?omposes, even at ordinary temperatures, into a mixture consisting chiefly of hydro- 
chloride and chlorate of ethylamine. On heating the crude product^ nitrogen, 
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and ethane are erolTed, sometiines with explosiye violence, 'and the chlorine ezerte a 
decompoaing action on the dichlorethyla^ne. The crude prodnct, when quickly 
diatilM, paaaes over for the most part ^tween 75*^ and 95% the distillate consisting 
of a mixture of chloroform and dichloxffthylamine, while ethylamine hydrochloride 
remains behind. 

Dichlor ethylamine, C^*C1*N. To prepare ^this base, ethylamine hydro- 
chloride (100 grams) is added in portions of 25 grams to 250 grams of bleaching 
powder made into a thick cream ^ with water, and the mixture is distilled so long as 
oily drops pass over. The product is again distilled with the same quantity of 
bleaching powder ; the distillate is washed with water and shaken with an equal 
volume of dilute sulphuric acid (1 to 1); and the clear oilyliqnid which seprates 
is washed with weak soda and witfas water, and dried over calcium chloricm. By 
fractional distillation of this oily liquid a lar^ quantity of pure dichlorethylamine, 
boiling at 88®-89°, is obtained. The pure substance is a clear, golden-yellow, highly 
refractive oil of extremely penetrating odour. Its sp. gr. is 1-2300 at 16®, and 
1*2397 at 6% water at the same temperatures being 1. At —30® it contracts con- 
siderably without solidifying. It may be kept indefinitely without alteration. 

Action of Zinc-ethyl on Dichlorethylamine . — The pure substances react together 
with explosive violence. When the action is moderated by diluting both substances 
with ether and mixing them very gradually, tlie product is a mixture of ethylamine 
and triethylamine. ^ 

Since dichlorethylamine, by exchanging two atoms of cElorin© for ethyl, yields 
triethylamine, it is evident that the chlorine ^ntainedin it must be combined directly 
with nitrogen, and the formation of triethylamine must be represented thus 

fC*H* 

NJOI + N + ZnCl*. 

loi (C*H* 

The formation of ethylamine in the foregoing reaction is explained by the peculiar 
position of the chlorine-atoms in dichlorethylamine, in virtue of which they possess c 
a snbsti tilting Rapacity analogous to that oT free chlorine, so that dichlorethylamine, in 
contact with many organic substances, such as acetic acid, ether, &c., is able to 
exchange its chlorine for hydrogen, thus regenerating ethylamine. 

TrletliylimlAAef N(C*H*)". On heating this base to 100® in sealed tubes with an 
alcoholic solution of metnylene iodide^ the liquid deposits ciystals which, when reciys- 
tallised from alcohol^, form colourless square plates, consisting of a compound of tricthyl- 
amine and methylene iodide, (0*H®)*N.CH*I*, or iodomethyl-triethy lamine 

iodide, |nI. This last view of their constitution is supported by the fact 

that the comp'^und, when heated in aqueous solution with recently precipitated silver 
chloride, exchinges only 1 atom of its iodine for chlorine. The resulting chlorinated 
compound forms tirith platinic chloride a double salt which crystallises in splendid 
octonedrons. It has not been found possible to obtain., a base free from iomne by 
treating the iodide with silver oxide (Jidie LermoutofiT, Dent, Chem. Ges. Ber. vii. 

1272). ^ . V 

"Vnien triethylamine is heated with ethylic chloro^opianate in sealed tubes for 
several hours to about 200®, triethylamine hydrochloride and tetrethylammonium 
chloride are produced, together with ethyl ^lorido and perhaps ethyl acrylate 
(Bruhl, Deiit. C^m. Gee. Ber, ix. 34). 

Gn the identity of the compounds, 

CH^l ' C*H* 

. OHV^N + C*H®Cl and C«H® 

C*H»j CH» 

see Ammonium Sai.ts (p. 74). 

See Hkptanes (2nd Suppl. 642). 

srsn^linn^ C*H®.C0,C»H>». Ge© Ketones and Pinxcomms. 

- 

C-H*— N 

I It • The hydriodide of this base is formed, together -wiUi another 
(C^H®)N C— ^ ^ 

c«'»mpound, by heating Anhydrobeiizqyl-diamidobonzone, (see Benzanii.ii>8; 


|n + CH*C1. 
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p. lOt), Meeas of ethyl iodide to 180*. The free base is moderately scduble ia 
water ; the bydrochloride and the basic sulphate oi^stallise in needles. 

Af^l^^nhydro6etucyl^iami€b)ben:Fene, 0“H**N*, obtained in like manner, ciystal- 
lisea from alcohol in microscopic rhombic slates melting at 270®, Its salts are 
crystallisable (Sennewald, Deut, Ckem. Gea, At. ix. 776). 

BTa*nhAJrZUXrB, Se© ETHTLAMnioBKNSffcMK under Bknkknm 

(p. 206). J • 

Bmxuunuara-svuaiowzo A0X», SeeBmnmia- 

suLPHomc Acids (p. 236). 

B2PH a AAlfXflgyiWO JE ABglO JkOnS* See Hyddoxamic Ethkbs. 

Aluminium Ethylat^AHOCm^yarAl^OiyB’^y. Alcohol 
is not decomposed by aluminium alon^ even when boiled with it for seyeral hours, 
but when aluminium-foil is added to*a solution of iduminium iodide in absolute 
alcohol, or of iodine in absolute alcohol (whereby aluminium iodide ia formed in the 
first instance), reaction sets in at ordinary temperatures, after about half-an-hour in 
the first case, immediately in the second, hydrc^en being evolved equivalent to the 
quantity of iduminium not combined with iodine, and a greyish- white pasty rfwidue 
being left, Consisting of aluminium ethylate mixed with a small quantity of aluminium 
iodethylate, which is decomposed on heating the residue to 276®, according to the 
equation, 

^l»(OC2H»)«l», « Al’O* + 3C^H»I. 

The aluminium ethylate is at the same tiSe decomposed into aluminium, alcohol, and 
ethvieno gas : 

Al*(OC*n*)« = Al*0» + 3cm*0 + 3C“H^ ® 

bu^ on heating it to about 270® under diminished pressure, it distils fo/tSe most part 
without decomposition; condensing in the form of a ytillowish white solid, while only 
a small quantity of alumina (equivalent to the decomposition of 10 per cent, of the 
ethylate) remains behind. • 

^ Aluminium ethylate dissolves slightly ii» absolute alcohol, and water added to the 
solution throws down aluminium hydrate. Hot water decomposes it rapidly, forming 
alcohol and aluminium hydrate. It melts at 115®, and boils somewhat above the 
range of the mercurial thermometer. Exposed to the air at ordina^ temperatures, 
it quickly decomposes, yielding adumiua, and doubtless also alcohol.'^ 

Aluminium ethylate afforas the second instance of an oxygenated organo-motallio 
body capable of distillation, the only such body previously known being cacodylio 
icid (Gladstone a. Tribe, Chem. Soc. J. 1876, i- 160). ^ 

Barium Ethylate, C^H’®BaO*»Bii^OC*H*)* (Bsrthelot, J, yr. Chem. [2], viii. 
22). Barium ethylate is prepared by adding anhydrou baryta to commercial absolute 
alcohol, and leaving it to stand over night. The liquid, which does noW ^ntain any 
baryta, is then filtered under a bell-jar, and again left in contact wflh baiytl^ for 
some hours. The yellow solution thus obtained is at once precipitated by adding g very 
small quantity of water. On^istilling this liquid, perfectly absolute alcohol passes 
over, and barium alcoholate separates out. This compound is much more soluble in cold 
than in hot alcohol, and is obteined* pure* by^ecan ting the hop liquid, and drying the 
residue in the retort at 100®, in a current of pure hydrogen. Its alcoholic solution 
slowly absorbs carbon monoxide ^ ordinary temperatures, formiog the compound 
C*H**BaO*, which has the composition of p»arium propionate, but differs from that 
compound by being soluble in alcohol and readily decomposed by wat^r. Berthelot 
regards it as ' ethyl-fermato' of barium; ifbt this designation ai^rds no indicaUon 
of its isomerism with the propionate, inasmuch as*6thyi-formi<wacid is identical with 
prof^ionic. KoU>e {ibid. 27; suggests that it may be the formyl-^hylaie of bariwni^ 

• 

[ba - 68'6]. 

^ • 

Sodium Ethylate, C*H*ONa. — This compound, when heatad, partly splits np 
into ethylene and sodium hydroxide, but the latter a^^ uiK>n other portions of the 
ethylate, fonning sodium acetate and humus-like bodies (Merz a,«>Weith, Deut. Ohem» 
Get. Ber. vi. 1617). 

With broTiiine, not in excess, sodium ethylate fo{ms alcohol, together with bromide 
acetate, and monobromacetate of ethyl ; but with excess of bromine, ^ho chief product 
is dibromethylena bromide, accompajded by formic acid, acetic ac^, 

alcohol, and ethyl monobromacetate (Sell a. Salzmann, JJeut. Chem. Gee. Ber, vii. 496 ); 
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According to 31. Barth, on the other hand (find, iz. 1456), when bromine \^poiir 
IS made to act on sodium ethylate, well dried in a stream of hydrogen at 180% and 
afterwards cooled by a mixture of snow and salt, the products consist of bromal, 
ethyl bromide and ethyl acetate, together with hydrogen bromide, sodium bromate, 
and sodium bromide. € - 

With silicon fluoride, sodium ethylate forms tetrethylic ^icate, and sodium silico- 
fluoride : ‘ a r 

. 3SiF* + 4C*H»OKa = Si(00*H‘)%+ 2SiF*Na* 

(Klmpert, Dcut. Chem, Ges Ber, nii. 713). 

On the reactions of Sodium Ethylate with Chlorides, see 2nd 8uppL 486 ; with 
Ethyl aoetate and its derivatives, see AcEio-ACimc Ethbbs, p. 13 of this volume; with 
Morphine and Codeine, see these bases. 

BTB'ni-SBirunra axmOomoj,^ sscoarsAmT, OHOH--CH*. 

See Phbnti/ Aixjohols. ^ 

STK'riL-BairZBira-BVZiPBOBlC B.C»8p Two acids having 

this composition are obtained by digesting ethyl-benzene with fuming sulphuric acid 
at the heat of the water-bath. On treating the product with potash, two potassium 
salts are obtained, the more abundant and less soluble of which ciystallises well. 
This salt, when fused with potassium hydrate, yields chiefly solid ethyl -phenol, 
C“H‘‘(C“H^)OH ; the chloride obtained from it forms, with ammonia, a crystallisable 
amide melting at 108^. The other potassium salt, which is much more soluble but 
likewise crystallisable, yields a crystallisable amide havidg a lower molting point. 
The existence of these two ethyl-benzene-fiulphonio acids explains the formation of 
two isomeric ethyl-phenols from potassium ethyl-bonzene-s^phonate, observed by 
Boilatein a. Krhlberg {lAebiy^a Annalen, clvi. 211). 

BXBTlb-BBXrZB'rBBOaLII.BKXC A.CXB, See Hybroxahig Ethers. ^ 

BXBXZi-SimXi PnrACO&XB. See PiMACOBiHS. 

BTBXXi-CilBBOBnJLBIXXrBp COmN— C^H®. A compound supposed by 
v. Zotta to be formed in the decomposition of diethyl-carbamide by nitrous acid 
(p. 390). 

■ aTBTK-OlUBBOMIIXVBOaRC BOZ9, is foimed hj the' 

action of absolute alcohol on diazoporatolnenesulphonio acid : 

The potassium salt, 0’H*.0C®H*.S0®K + H*0, forms white nacreous needles grouped 
in thin leaflets ; it dissolves very easily in water, with moderate fiacility in alcohol, 
and becomes anhydrous when left over sulphuric acid. The oaaittm salt, 
(0^H®.0C*H’^0*)*Ba + 3H*0, forms very small needles easily soluble in hot, spar- 
ingly in cold water. The lead salt, (C’EL*.OC*H*.SO*)*Pb + 3H*0, crystallises in tufts 
of slender needles, and, like the barium salt, does not give off any of its water over 
sulphuric acid. 

Ethylcresolsulphonic acid,<^when fus^ with potash, is converted, not into ethyl- 
salicylic but into salicylic acid (HayducK, lAebig^s Aniiiden, clxxiv. 343). 

BTB'rZr-CBOTOWXG BGXB« On the formation of this acid 

from isocaproic acid, and its conversion into that ^id, see Oapboic Acins (p. 379). 

The butyiTb acid, formed, togethez with acetic acid, by fusion of ethyl-crotonic 
acid with potash (Is^ 8uppl, 42), has been Toond, from the amount of water of ciystal- 
lisation of its calcium s^t, and tLe relations of that salt to various solvents, to be 
noi^mal butyric acid (2nd 8uppL 226). This mode of decomposition of etbyl- 
crotonic acid establishes the correctness of the constitutional formula 

— CO^H, deduced from its mode of formation from diethoxalic acid 
{Ist Suppl, 42) : 

CO*H + - CH*— CO*H + CH»— OH*— CEP— CO«H + H* 

Bibyl-crotonlc add. Acetio aekU BatTzlo add. 

There are flve other possible mrdificstions of the acid C*H’*0*, capable of yielding, 
by fusion with a caustic alkali, acetic acid and either normal butyric or isobutyric 
acid. Of these, however, only one is positively known, viz. p^roterebie acid, 
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^*C3B[ — CBbrCH — 00*H, irhich ji^dB isobutyrio aciA HydroBorbifi add (2iicl 
>fv 1092} may peiimpg be another of these modifieationB» although when fhsed 
potash it yields merely bntync without aoedo acid (Petrief^ ileat. Cftsm. €hs* 


nn&-mAOWRC ACtl9» syn. wiA Ethtlio AcKTo-ACVTATa. See Acnro- 
ACETio Ethers (p. 12). j 

aTMS&-SXOUiS'SXAJM&WB« N(C*H*)(^H^CH*)^ syn. with Btuti>;DI- 
TOLYiAMixnL See ToltiamiksS. 

• 

O imVM H li SirXi»goy»01>tl>»-AO»TAT». See SULPH-ACMTIO 

Acids. 


mm, OO.C(C»H«XOH»Wl, is pre- 
pay treating 1 moL ethyl-dimothylacetioeacid (p. 370) with 1 mol. PCI*, and 


methyUamyl ketone, CH* — CO — and with nnc-effyl, ethylamyl ketone, 
C*H* — CO — C*H“ (Wischnegradaky, JAthig^a Annalen, cbLXviit. 103). 

[BTKTXi-BnKXinB. The symmetrical modification of tiiis 

13 6 

hydrocfirbon, C*.C*H*.H.CH*.H.CH*.H, may be propa^ as follows: An alcoholic 
solution of bromoxylidine, treated with nitrons acid, yields a bromoxylene or bromo- 
dimethyl- benzene, C*H*((liI*)^r, boiling at 204° and remaining liquid at —20°, and 
a mixture of this bromoxylene and ethgl bromide, heated with sodium, yields a 
hydrocarbon, C«H*(C*H*XCH*)*, which has a density of 0'861, boils at 180°, and 
remains fluid at — 20°. This hydrocarbon, oxidised with dilute nitric acid, jrields 
oxyuvitic acid, 0*H*(0H*0H)tC0*H)*, and mesitylenic aci^ C*H*(CH*)*CO*H, both 
uf #hich have their aubstitutea radicles in the relative positions 1:3:^^ hence the 
Iwdrocarbon itself is symmetrical 6tbyl-dimethyl>benzene (Wroblewsky, J)eui. Chem» 
Ges, Ber» ix. 496). ** 

sTBTXi-BmsTBnpHOBFBoirsinMc mwmmommm. See Puos- 
Bhoucs-basbs. • 

BTBW'Zi-BZPBBXnnbAMannif N(C*H*)(C*H*)^. See Bbmzkebs, PHBirn> 

AHIDO" (p. 208), 

BTBn-BZPSBim-OirAWZBXirll, N*CH*(C*H»)(C®H*)»^:vSee GUANIDIHE. 

BTUTBBXfB or BTBBBBv C*H* » H*0=0H*. Erlenmeyer a. Bunte 
Annalcn, clxviii. 64) prepare this hydrocarbon by heating 25 grapis of alcohol and 
150 grams of sulphuric acid in a flask of 2 or 3 litres ce^pacity placed on a sand-bath, 
and gradually dropping in a mixture of equal parte of alcohol and sulphuric acid. 
The contents of the flask quickly blacken, but very little frothing takes place. 

Reactums. 1 . With Oxygen, — When a mixture of ethylene and air is passed over 
red-hot platinum wire, the ethylene is partly oxidised to acetic acid* (Coquillion, 
Campt. rend, Ixxvii. 444). 

A mixture of ethylene witl^ strongly ozonised oxygen (at least 60 nuprm. in a litre) 
detonates violently, and without the aid of light, heat, ar electricity. When ethylene 
is slowly oxidised by weakly bzouiaed oxy^n, formic acid apd carbon dioxide are 
produced, together with thidc whitqTumes which are completely absorbed by strong 
sulphuric acid (Houseau a. Renaid, Tbid. Ixxvi. 672). • 

On the imp^ect combustion of Etbyleug by explosion with insufilcmnt quantities 
of Oxygen, see p. 436). ^ 

2. With Bydro^m, — Ethylene, mixed with byi^fogen in contact with platinum, 

fjiVfta up^*, and is converts into ethane, C*H* (v. Wilde, Deuf, Chem, Gee, Ber, yii. 
S62j: • , 

3. With Hydroocurbone , — A mixture of ethylene and diphenyl, passed through a 
poioiflain tube neated to bright redoneB, yields a mixture of pbenantbreue and anthra- 
cene, the fonper predonBwiting, together udth benzene, cinnamene, and naphthalene, 
the reaction therefore taking place partly as represented hy the equation, 

4 * CH* « -f 2H*. Phenanthrene and anUKacene axe also found amonM 
the products which Berthel6t obtained by^he action of ethylene on benzene (Borbier, 
Cimpt, rend, Ixxix. 121). 

4. With Phcephine. — ^A mixture of this gas wit|| ethylene, suHected to the action 

of the silent electric discharge, yields an alcoholic phosphine (P. and A. TbAaaxd, 
ibid. Ixxvi. 1608). • 
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flTWXBSrs A&COBO&. Qlycol^ — >This compound is 

formed xn^ considerable quantity when ethylene dibroxnide and potassium acetate in 
equal numbers of molecules are heated to boiling for eighteen hours with alcohol of 
91 per cent., or for forty hours with alcShol 6f SO per cent. The reaction appears to 
take place in the manner represented by the following eqnations : 

© ^ 

+ C=H>K;o= = KBr + 

' Brpmacetln, 

G*H4S?„Tr.n + C>H»KO* = KBr + C“H<(C“H*0*>» 

^ uo u Diacetin. 

C^H‘(C»H*0»)« + H’O = 

Monoaoetln. 

and finally, 

+ C»H‘OH = C»H*0«.C»H* + C>H<(OH)‘ 

MouoacetLn. Ethyl Ethyl Ethylene 

alcohol. acetate. alcohol. * 

When ethylene bromide and potassium acetate are heated together to 150®-200® 
for two days, ethylene diacetate is produced, biffc no glycol ; find ethylene bromide and 
monoacetin may be Ixiiled together for eigh^n hours without formation of any new 
products (Bemole, Liefn^s Annalen^ clxxiii. 117; clxxvii. 45; Deut, Chem. Ges. Ber, 
vii. 641 ; viii.^4 ; Chem. Soc. Jour. 1875, 747, 1172). 

Zeller a. Hiifner (J. pr. Ch&tn. [2], x. 270) obtain perfectly pure glycol by heating 
1 mol. cthyieAe bromide with 1 mol, potassium carbonate dissolved in water, for^ten 
hours in a flask fitted with a reversed condenser. The glycol thus prepared boiled at 
194® j see also Lietzenmayer {Liebig's AnnaleUt clxxx. 282 ; Chem, Soc. Jour, 1876, 
ii. 64). ^ 

According to Grosheintz {Bull. 8oc.^Chim. [2], xzviii. 57), the carbon dioxide 
evolved in this process is accompanied by a large proportion of monobromethylene, 
whereby the theoretical yield of glycol is greatly diminished. 

Glycol unites energetically with chloral^ and the resulting compound, treated with 
phosphorus pV**tachloride, yields " a body having the composition 

001* — — 01*. This compound is a viscid liquid having 

a sp. gr. of 1’73 at /3®, and decomposing when distilled (L. Henry, Beut, Chem. Ges. 
Ber, vii. 762). 

BTSnr&BirB BBOUKXBB, GH*Br— CH*Br. This compound, boiling at 131®, is 
formed, tog^sther with bromethyl bromide, CH* — CHBr* (b. p. 1 14®), and dibromethyl 
bromide, OH-Br — CHBr*, by the action of bromine on ethyl bromide. The first two 
ds may be completely separated from one another by potassium hydro- 
, KSH, the bromethyl bromide remaining rnaltered, while the ethylene 
.....mide is converted into eihylene hvdrosulphide or glycolic mercaptan, C*H^ 
(Tawildarow, DetU. Chem. Ges, Ber, vi. 1459). ^ *' 

For the preparation of etbyleno bromide, Erlenmeyer a. Bunte {Liehig's Aiinalen, 
clxviii. 64) make use of an apparatus in which the ethylene gas, generated by heating 
alcohol with E^ylphuric acid, passes through a series of four Woulfe’s bottles, the first 
empty, the second containing sulphuric ^cid, and the third and fourth potash or 
soo^a-lev ; next through the tube of a reversed Liebig’s condenser ; and finally into a 
Woulfe^s bottle containing bxomind, whereby it is absorbed, this vessel being connected 
with a BiT^th Woulfe’s bottle filled to a height of four or five incher with fin^ments 
of glass, and thence up to the shoulder with granulated soda-lime. By blovnng air 
into this last bottle, a quantity of bronze is forced into the condensing tube sufil- 
cient to fill it one-half, and the condensing cube is then attached to the generating 
apparatus, after a sufficient quantity of ethylene has been evolved to expel all tbs 
air from the latter. With this apparatus from 1000 to 1100 grams of ethylene 
bromide may be pr^ared in sdken hours. 

On the action of EthyUne bromide on Pouissinm acetate, see p. 752. On its decom- 
position ^ the Oopper-cifio couple (2nd Suppl, 489). 

' A compound having the formula C*H*Bp*, i>rohably dibromethylene dibromide, 
CH=*Bp».Bp*. is formed when ordinary pyrotartarie acid is heated with bromine and 
water in a scaled tube for six hours at 122^ (Bourgoin, Compt. rend. Inxiv. 776). 
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On tetr&bf omethylene hydride, or tetrabromethanc, and it# isomeinBni 
with acetylene tetrabromide, see Ackttlbkb (j^. S6). 

* 0*H*BtL Two of these compounds, one 

boiling at 141^-142®, the other at l$2®.%rere prepared bv Keboul by the action of 
hydriodic acid on monobromethyleno, C*H*Br (2nd Suppl, 489X Lagernuudc 
Chem, Ocs, Ber, vi. 1211 ; 967) and Ma^^well Simpson (5Voa. Soo, icTii. ^i) 

hare obtained a third modi^^tion by passing ethylene gas into a solution of ibdine in 
bromine (prepared by adding more than 1 moL finely-powdered iodine to brimine 
dilated with 6 p^s of water, stirring briskly and keeping the liquid cool, and sepa- 
ratin|^ the solution from ^dissolTea iodine by decantation (Sinipson). From this 
solution the ethylene bromiodide crystallises in long white needles, having a density 
of 2*616 at 29®, melting at 28®. and boiling between 162® and 167® (Simpson). 
Lagermark's p^uct, probably impure, mellbd at 26*6® and boiled at 160®. 

13y the action of an alcoholic so||ition of sodium acetate, this broiniodido is con- 
verted into ethylene aoetiodhyd rin, C’UX0’*11*0“)I (Lagermark). 

Lagcrmark finds that Rebonrs lower-boiling broiuitMlido (141'^- 142®) is best pre- 
pared by treating vinyl bromide with dry gaseous hydrogen iodide, instead of the 
aqiioons acid as recommended by Keboul. For this purpose a quantity of phosphorus 
tri-iodide is shaken into a strong glass tube Sealed at one end, and above it is placed 
a glass bulb containing a quantity of water sufficient to decompose it, and a small test 
tube into which the rctquired quantity of vinyl bromide is introduced by means of a 
tubo-fnnnel. The strong glass tube is then, drawn out to a point, sealed, and plunged 
into a freezing mixtui^, wnereupon*the bulb containing the water bursts, hydriodic 
acid is generated, and the action on th# vinyl bromide commences. The tube is then 
removed from the freezing mixture, and the action continued at the ordinary tempera- 
ture. Thu proiluct decolorised by potash, driotl, and once distil led* yields the pure 
bromiodide as a slightly yellow liquid, having a density of 2*462 at 16®, and boiling 
at 14 2®- 143®. By bromine it is converted into brominatod •ethyl bromide, 
CH* — OHBr*, and by alcoholic potash, into potassium iodide and vinyl bromide, 
UH*rr:CHBr, whence it appears to consist of ethylidono bromiodide, Cll»-^CU.BrI. 

The higher-boiling bromiodide (162®)^escribed by lioboul does not appear to be a 
definite compound ; see Gagarin (l)eut, C^m, Ges^ Bcr. vii. 733), and Butlerow (ibid, 
734, 1466), also Chem, 8oc, J, 1874, 1976. 

mTwmxwrm cKXiOmK-niBzar. 0>H«Cl(on) - CH’Cl— CH^Oll. This 
compound, treated with bromine, yields ethylene chlorobroroide.smono- and dibrom 
acetic acid, ethylene bromide, ethylene bromfaydrin, and iirobabjy also ethylene broiu- 
acotobromhydrin, C*H*Br(OC*H®BrO). Some of these products appear to be due to the 
action of hydrobromic acid, formed in the first instance by the fiction of the bromine : 
for ethylene chlorhydrin directly treated with hydrobromic acid yields ethyliMio 
l>Toniide. ethylene chlorobromido, and ethylene bromhydrin (together with ethylene 
chloride). The formation of the bromacetic acids by the action of bromine on 
ethyleno chlorhydrin is for the present unexplained (Demole, Deut, CHkm. Ges, Brr. 
ix. 1876). 

Kthyleno elilorhydrin uniU's with chtaralt forming a body repfesefitcKl by the 
formula CCl*— ^ thiok viscid liquid, which does* u6t 
solidify in a freezing mixture, an3 undergoes dissociation when heated. With aoetyl 
chloride it forms an acotyl-deriv&ivo, CGI* — with PCI*, 

a chloride, CCl* — the form of a clear c^ourless liquid, 

having a pungent camphorous odour and sweeti§h taste, a sp. gr, of 1*677 at 8®; 
boiliug-^without decomposition at 236® ; insoluble in water, eMily soluble in a’oohol' 
aim ether (L. fienry, Beut, Chem. Gee, Ber, vii. 762). »» 

Ethylene JeetochloThydrin^ ^ by heating ethylene chlor- • 

hydrin to 110® for fiv^^r six hours with 1^ pt. glacial acetic acid. The product, 
after washifig with water and with soda-ley, and drying over potassium carbonate, 
distilled for the moet part between 143® and 146® (ItadenbuTg a. Demole, UM, vi. 
1023). • ^ ' 

BVamsmi cmibOmxnB, (7H*GP, heated to 170® for several hours with 
lead oxide and water, yields lead chloride, ethjdeno glycol, and traces of ethylene 
oxide (Jeltekow, ibid, vi. 668). 

Clfcloretbsrlntiea. PerehlorethyUne, CKiI^ may be prepared by dissolving 
%rd8t^, 3 C 
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carbon trichloride or hexchiorethane, 0»01*, in twice its weight of aniline, and heating 
the solution in a retort to 170®. The distillate, consisting of perchlorethylene with 
a little aniline and carbon trichloride, is redistilled with an equal weight of anilide at 
ld0®->145*=^, and the new distillate is freed from admixed aniline by washing with 
dilute sulphuric acid and with water. Pnre^rchlorethylene boils at 121®, and haaa 
sp. gr. of 1*6696 at 0® (Boui^in, Chn^t. rend, Ixxx. 971). 

» Pjerchlorethylene Dib^ymtSe^ C*0PB&*„f);^ed by dire^ bromination of perchlop- 

ethylene, is isomeric With dichloracet^lene chlorobromide, C*01 ®Jqp, formed by the 

action of chlorine on acetylene tetrabromide (p. 36). The latter, when heated to 
186®, first gives oif<Half its chlorine, and is converted into C^Cl^r^ ; but on raising the 
temperature a little higher, the free oUorino is reabsorbed, and the bromine driven 
out, the final result being the formaticm of perchlorethylene, CH3L*. ^Perchlorethylene 
dibromide) on the other hand, is directly i^solTcd by heat into Br^ and C*C1*. 

When the two isomeric bromides are heated whdi a mixture of aniline and toluidine, 
the first to 160®, the second to 170®, the perchlorethylene dibromide is converted, 
with formation of rosaniline hydrochloride, into chlorobromethylene, G®01*Br®, 
which is a colourless liquid smeUing like chloroform, solidifying at — 16®, and boiling 
at about 130®. It unites with bromine, forming a crystalline bromide, CH)l^r^.Br^. 
(Bourgoin, Compt, rend, Ixxxi. 48). i; 

Action of Sodium Ethylate on the Chloreihylenes, — G-euther a. Fischer, in 1864, by 
treating perchlorethylene with sodium ethylate, obtained an oily liquid, con- 
sisting mainly of ethylic dichloracetate with a small quantity of dichloracetic chloride, 
and a body soluble in water, consisting of thf sodium salt of otliyl-glyosqdic acid 
SuppL 19); the formation of those products is explained as follows by Gteuther 
a. Brocknoff {Jenaische Zeitachr, f. Naiurwissmschaft. vii. 359). The first product of 
the reaction is lirichlorethoxyl-ethyleno, derived from perchlorethylene by 
substitution ofrl^t. OC^II* for 1 at. Cl : ^ 

CCP CCP 

II + C*H*ONa « NaCl + 

CCP 


This compound i8,r,onvorted,by the further adtion of the sodium ethylate, intodichlor- 
dioxe thy 1-0 thylene, 

CCP C01» 

IP' + C*H*ONa = NaCl + |J 

CC1( QO»H*) C!(OC?H»)* 


which, by taking up the elements of alcohol, is converted into triethylic dichlor- 
acotato, 

CCP CHCl* 




(OC*H»)» 


+ C*H‘OH 




(OC*H*)» 


and this last compound is converted by the action of water — which is formed in the 
reaction together with brown resinous substances — into monethylic dichlor- 
acetate, p 

CHCi* ^ CHOP 


3(OC*H»)* 


+ H*0 


2C«H*0 + I 

*' COCOC'ff) 


This etner reacts with sodium ethylate, in sttch a manner as to form the ethylic ether 
of diethylglyoxylic acid : «• 

CHCl* . CH(OC«H»)* 

* I + 2C*H*ONa = 2NaCl + | 

00(OC»Hf) . CO(OC2H») 

' which is finally converted, by the action of caustie soda (produced by water from the 
sodium ethylate), into the sodium salt of diethylglyoxylic acid 

OH(OC*H*)« CH(00*H»)» 

I + NaOH « C»H«0 + I 

00(00-H*) ^ CO.ONa 

The formation of the intermediate products above mentioned has been demonstrated 
by experimejats in which the action of the sodium ethylate was mf^ro or less limited ; 
and it has further been shown thafc the quantity of trichlorothoxyl-ethyjene obtained 
is greater in proportion as the reaction takes place at a lower temperature, and is 
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oostmn^ tot a shortes time ; alio that triehlorothoxylretl^leiie is saaily coavertad hy 
alcoholic sodium ethylate into the sodium salt of ethoxylg^xylic acid* 

Perohlorethyletie, treated vith sodium ethylate free mcohol, yields the same 
pd^ui^ as almve, but in smaller quan^ty ; a gas burning with a blue flame is also 

TrichlorethyUn 0 Chloride, C^CP.Oj* dr OOl^ — ^HCl*, prepared by 
aodoa of chlorine on* ethyl^e chloride in bs%ht daylight, acts upon sodium etjmate 
either diy or dissolved in alcohol, forming perchlorethjdene, ethyl alcohol, ana mdum 
chloride (Geuther a. Brockhoff). ' e 

DichloreihyUne 2>ie A /ert dr, C»H*Ol“Cl» or CHOl»CHCl» (prepared in the 
same manner as the preceding compound and boiling at 135*1 (corr.), acts very 
strongly on aleoholic sodium ethylate, forming dicnlor ethoxy 1 -ethylene, 
C»HCl^OC»H*). • 

CHHIJl 

Moncchlorethylene ChloAde, C*H*C1.C1» or 1 .and excess of sodium 

CHCl* 

ethylate, either diy or alcoholic, yield chiefly diehlorothylene, C*H*Cl*, and a small 
quantity of acetic acid. 

Dichlorethoxylrethylene, CHCl~CCl(OC*H*), is a colourless liquid having a 
peculialt taste with pungent aftor-taste, a sp. gr. of 1*08 at 10“, boiling at 128*2® 
(corr.) It may be washed with water without alteration, but decomposes gradually on 
exposure to moist air. When heated to 100® with water, it. yields glycol lio acid, 
ethyl chloride, and h^^lrogen chloride : 


** CHCl • CH*.0I1 

II + 2H«0 - C*H»C1 + HCl + 1 

OCl(O0»H») CO.QJI 

By an excess of alcoholic sodium ethylate, it is converted into sodium ethoxyl-glycol- 
^to, othylic monochloracetate being however apparently formed as an intermediate 
product (Geuther a. BrockhofT). When dichlorethoxyl-othyleno is treated with a 
quantity of sodium ethylato considerably less than that which is required to decomi^se 
tne wholo of it, ethoxy Iglycollic acid is likewise formed, together with ethyl chloride, 
ethyl monochloracetato, and hydrochloris acid. 


aTBYlinra-BASaS. According to A. Grotillat {Monit. ncient. [8], iii. 383), 
othy lene-diphenyldiaxnine, N*(0*^*)*(C“H^)H*, prepared by treating ethylene 
bromide with a large excess of aniline (iv. 455), is always mMfed with diethyleno- 
diphenyl-diamine, N*(0*H*)*(C*H^)*, but may bo separate therefrom by dissolving 
the mixture in boiling strong acetic acid, and adding alcohol, jihereupon the diothyl- 
one-base separates in crystals. 

The two free hydrogen -utoms in ethylene-diplienyl-diamiiio may be replaced by 
acid radicles, either of the fatty or of the aromatic groups. Ethylene-aiacetyl-diphenyU 
diamine is a crystalline body, easily soluble in boiling alcohol and in ligroi'n, and still 
exhibiting basic properties , in eihylene-dibenzoyUdi 2 }henyl-diaminei^;iiiil^^o other hand, 
the basic character is absent. 

Ethylene-ditolyl-cUamine, N*(C•H^CH•)’(C»HOH^ and triethyleno-tri- 
tolyl-triamino, N*(C*H^CH*)*(C*H*)V are form^ simultaneously by the action of 
ethylene bromide on toluidine 150® m a capacious flask fitted with a reflux con- 
denser, and may be separated bv means of alcohol, in which the former is freely, the 
latter very sparingly soluble. The triethylme-basc, when pore, ciystalliBes in splendid 
needles melting at 186®. Its hydrochloride forms needles meltixm at 189®. The 
dkthylene-base is difficult to purify, on account of its easy solubuity; it must ba 
purified by separation from its salts. ‘ Informs crystals melting at 97*5®. Its hydro- 
chloride cryst^lisos in long white needles easily^olublo in bailing water (Gretillut). ' 

^ 'f anYaiora-aiair&aHoazc a.cz3>« is formed by dissolving 

^itroethane in cooled fuming sulphuric acid, and then gently warming the mixture,^ 
whereupon a brisk evolution of gas takes place. If, when this action is over, the 
liquid be carefully pqured into water, neutmlised with barium carbooate, and filtered 
hot, the filtrate on cooling will deposit barium ethylene-duiulphynatn. The lead ealt, 
C*HXSO*)*Pb + 2HH>, forms scaly crystals (Meyer a. Wurstor, JJeut, Chem, Qee. Ber, 
xi. 1168; Jahreeb^f. Ohem, 1873, 302). • 

Ethylene-disulphonio Chloride, C*H\SO*01)*, is formed by the action of 
2 moL phosphorus pentachloride on 1 mol. pota^ium ethyldisulphonate. The crude 
product is poured into water, and the substonce, which solidifies, for the most ^arc, 
after a short time, is med ftom adhering phcMphoms oxychloride 1^ draiatog on 
porous plato8» and recrystaUised from anhydrous ether. The chloride crystallisee in 

t 9 % 



needles melting at 91 ®, is not much attacked bj colS water,' but cannot be distilled, 
without decomposition. At 150® it carbonises, with evolution of hydrochloric And 
sulphurous acids, and, when boiled with alcohol, gives off ethyl chloride and sulphurous 
add. On heating it to 150°- 160® for several hoivs in sealed tubes with 1 mol. 
phosphorus oxychloride, and subjecting the obutents to fractional distillation under a 
pressure of about 30 mm., phosphorps pentachloride passes over first, then at 125°- 
l2^®i^hlori8ethi onic chloride, 0^01. Thcs latter is slowly attacked 

by phhji^orus pentachloride (1 mol.) at 200°, ethylene chl'^rido being formed among 
the products (W. Konig, Dmt, Chem.QCfes. Ber, vii. 1163). 

STBirXBirxi-^bACTXC A.czi>. See Lactic Acid. 

BTBTMXrE - PBOTOCATBCRirZO ACZB, » 

— COOH (Fittig a. Macalpine, Liebigs Annalen, clxviii. 99). This 

acid, homologous with piperonylic acid, is obtained by treating protocateehuic acid 
with ethylene bromide and solid potash, and separates from water in colourless indistinct 
crystals, from alcohol in druses of short shining prisms {2nd SuppL 1024). 

Ccdcium Ethylmeprotocatechuate^ (C®H’0®)*Ca + 2H20, crysttillises with great 
facility, in monocliiiic crystals having the axial ratio a\h \ c= 0-664 : 1 : 0’667 ; it 
gives off its water at 1 60°. 

When ethylene-protocatechuic acid is heated in a sealed tube with dilute hydro- 
chloric acid, decomposition begins at 260°, and the contents of the tube, which present 
the same appearance as in the corresponding experiment with ^piperonylic acid (Isf 
Suppl. 949), yield a small quantity of pyrocatochin.* Nevertheless, the reaction does 
not take place according to the equation 

OTi^.o^c«ii*.coou = c®Hxoii)2 + c^n* + co^, 

as might bo ox{je4todfrom the mode of decomposition of piperonylic acid under similar 
circumstances {loc, for no acetylene could be detected in the gases evolved. 

When othylone-protocatochuic acid (1 mol.) is heated with phosphorus pentachloride 
(8 mols.) under ordinary pressure, a large, portion of it remains unattacked and 
distils over together with ^osphorus oxychloride ; and the residue yields to cold 
water an oil which docs not completely solidify, and dissolves in boiling water, the 
solution, on cooling, depositing a large quantity of ethylene-protocatechuic acid, whilst 
a small quantity of protocateehuic acid remains in the mother-liquid. These results 
show that the chief ^ '-oduct of the reaction of PCi* on the acid is ethylene-proto- 
catechuic chloride^ C''^H*.O*.C®II*.CO01, together with a small quantity of another 
chloride which is converted by boiling with water into protocateehuic acid. To obtain 
this latter chloride pure, the decomposition' was repeated with the same proportions 
of material in a tube which was sealed after the first reaction, and then heated to 
130° till no more phosphorus pentachloride separated on cooling. On pouring the 
product into cold water, a permanently liquid oil was obtained, which was converted 
by boiling witni water into pure protocateehuic acid, and when heated with water 
to 100° for several hours in a sealed tube, yielded, together with protocateehuic acid, 
a solid acid, insoluble in water, melting at 118°-121°, having the composition of 
dichlorethyleneprotocatcchuic acid, C’*H*CKO^C®H*.CO®ir, and resolved by boiling 
with water, into hydrochloric, pr6tocatechuc3, and pqssib^v glycollic acid. The series 
of reactions above described may therefore bo represented by the following equations : 

C»H‘<Q>a'H*--GOOH + PCI* = pool* + ACl + C*H*<^C*H*— COCl. 
0*H*<^^C*H*— COCl + 2PC1* = 2PCl*”+ 2H01 + Cr'H«Cl*<Q>0‘H*— COa 
COCl + H O - HCl + CO.OH 

C*HJC1*<;;q>C*H*— COJOH + SH*0 = 2HC1 + C*H*0* + C*H»(bH)*.CO.OH. 

■vamaarB saaBaxocnraaraTa, c*H*(CNSe)*, formed by digesting 
potassium seleniocyanate with ethylene bromide, crystallises bffom alcohol in white 
needles, insoluble in 'cold water and in ether, slightly soluble in hot water and in 
cold aloohol. 'By prolonged boilkig with nitric acid, it is converted into ethylene- 
selonio acid, C*H*(SfeO®H)®, which is very d'^liquescent, and yields a lead, a silver, 
and a barium salt (Proskauer). 

KnrnUBinB-TBYM[0&. See Tuvkoi.. 

amnx-svcma'oXi. See Bjcuinoi.. 

amx-OBTCSMxr. O. Glinsky, in 18G8, by treating monochloraldehyde 



ETSrLyjiadj-COMPbUNDS. 757 

in aqueous solution irith TOtasmnm cTanide, obtained m oily compound which he 
regaled as cyanaldehyde (ZettocAr./. (jhem. 1808, 017) » subsequently, howeyer (iOid. 
1870, 441), he found that when treated 'mth h^rochlorio acid it yielded chlorolactic 
and acetic acids, and he then designated ft as the esfanocMarAydrin of ethyl-glyeerin^ 
representing it by the constitutional formula 09 % 1 . 0 HOH||CO.GH**CN, ButlacoW’ 
{J}eHU Chem, Geo, Ber, vh, 1256) regards; it Ather as an ethereal comnlMiiiiU 
OHKJl.CH(CN).O.CO.CH*. t ^ " ^ - 

aTBT&-OXiY’CO&Xi'n MTTWtXEn OIF(OC*H*).CN, is obtained bv beating 

hvlofflvcollii.Tnifin_ flTTSf On VTTS nn nrmSvAlAnf f%f rtnAAnltAnia 


136®. Like other nitrils, it combines with gsseous hvdrobromic acid, forming a crys- 
talline compound which is insolubleJn ether, and resolved by water into its components. 
Aqueous acids or alkalis convert thl nitril into ethylglycollic acid. 

The same nitril is produced by distilling the amide with phosphorus pontachloride ; 
the product contains a combination of the nitril with phosphorus trichloride* This 
body, which could not be obtfiiuod in a pure state, is a liquid, fuming in tho air, and 
boiling at about 100®-105®. Henke obtained similar compounds of acetonitril and 
propionttril. The nitril of othylglycollic acid is also formed, but mixed with secondary 
products, by distilling the amide with phosphorus pentasulphido (L. Henry, JOeut, 
Ckem. Geo, Ber. vi. 259). 

MTB'n-OVAltfkBXSrB. Guakiuink. 

rSBOZYBAlMCZirft. 8oo 11 tduoxyi*amink. 


Bro7nide, CH* — CHBr*. — According to 
Tawildarow {hichifo A^molen^ clxxvi. 12) this coinpouiul is converted by a^nmonuz, 
AOt into an ethylenamino (like ethylene bromide under similar chrcamstancos), but 
like the chloride ( 2 ; 2 d 378), into collidine. Tho reaction titkes place most 

readily at 125®-140®. Kthylidene bromide heated to 120®-! 40® with jpoiaooium 
dcetatc in alcoholic solution is converted into aldehyde, ethyl acetate, and acotal» 
An alcoholic solution jf ^wtaosium sulpKydrate does not act upon cthylideno bromide, 
and may therefore bo used to separate this compound from ethylene bromide. 

Bromodioxeihylidcne, C^JHBrO*=«C*H*Br(OH)*. — This is tho compound 
formed by tho action of phosphunis pontabromide on aldehyde, and formerly regarded 
as an isomcridc of ethylene bromide (i. 107). To prepare it. atftlehydo is gradually 
poured upon well-cooled phosphorus pentabromide, and tho r^!5ction, which is at first 
very violent, is afterwards completed at a temperature of 60®. Tho resulting phos- 
phorus oxybromide is decompose by icc, and the oil which sdpnratcs is washed with 
steam: it cannot be distilled alone without decomposition. The same compound is 
formed by heating aldehyde to 130® with acetyl bromide (Tawildarow, loc, oit.) 

Ethylidene Chloride^ CH" — CHCl*, is converted by the action chlorine into 
monochlorothylidene chloride, CH*C1 — CHCl’, and dichloretbyl CH* — CCl* 

(Staodel, Detit, Ckem, Geo, Ber. vi, 1403), 

Oxychloride, C*H"CyO. — This compound, isomeric with dichlorinated ethyl 
oxide, is prepared by passing hydrochlcmc acid into well-cooled aldehyde till two 
layers of liquid are formed, ihe upper cuiAisting chiefly of tho oxychloride, tho lower 
of strong aqueous hydr<x:h!oric acid. Instead, however, of immediately rectifying the 
upper layer over ciiicium chlorioo, as in Lieber/s original process (ii. 609), whereby a 
large portion is charred and destroyed^ t is better to heat this upper layer to 100® 
for about six hours in a stream of car^n dioxide, and then submit it to fra^ional 
distillation. By tliis means toleriibfy pine ethylidene oxychloride is obtained, boiling 
between 115® and 117^ (F. Kesael, Lubig'o Anndlen, clxxv. 44). 

Eiliyliden# oxychloride treated with water splits xy> into hydrochloric nc.‘id anct 
aldehyde, whence it appears to have the constitution (CM* — ^CHC1)*0 : 


CH*^gHCl>® + H«0 - 2HC1 + 2(CH*— CHO), 
the isomeric compound dichloretbyl oxide being represented by tiic formula, 

CH^Cl.CHCK^* 


That ethylidene oxychloride .'ictually has thfi constitution alj<jve given is Shown 
by its rciictiqii with zinc-ethyl, the prtxluct of whi#Ii is secondary buiyhc other : 


CIH.CHCl 

CH'.CHCl 


>0 . z.<gg: 


ZnCl* 


CH*.0H(C*H*)n. 
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To prepare this butylic ethoJi,- the ozychlonde is slowly added to zinc-ethyl diluted 
with common ether in an apparatus filled with carbon diostide, due precautions being 
taken to prevent too great a rise of te]uper|ture : to complete the reaction, however, 
the heat of a water-bath must be applied, ^ter distilling off the ethylic ether and 
fra^tipnating, a product k> obtained, filing at 1^0®-! 26°, but still containing chlorine, 
which, in^y be removed by digestion with sodium. The product then boils constantly 
at 126°-121°, has a sp. gr. of 0*760 at 21°, and agrees an every respect with the 
secondary butylic uther obtained from^rythrite (Kessel). 

E 6 hi/ lid 671 Iodide, CH® — CHI* is formed by dropping ethylidene chloride into 
a solution of alumiiiiurn iodide in carbon disulphide : 

30*H^C1* + 2A1I* « 2A1C1® + 

The product separated from the deposit, washed vith water and rectified, yields the 
ethylidene iodide as a brownish liquid of sp, gr. 2*84, boiling with partial decomposi- 
tion between 177° and 179°, sparingly soluble in alcohol, and probably identical with 
the body which Berthelob obtained by the action oi hydriodic acid on acetylene (ls< 
Suppl, 34). Heated on the water-bath with a dilute alcoholic solution of potash, 
it is resolved into alcohol and vinyl iodide, C*H*I, identical with that "^hich is 
prepared from ethylene iodide (Custavson, Deui. Chem. Qea. Ber, vii. 731). 

BTB'rXfZSBxa’s-i^XBinraLajaxiiii, =» CK®.gh(NH.GO.C"H‘^)'-. 

This compound, which Limpricht obtained in 186^by the actioiy)f aldehyde-ammonia 
on benzoyl chloride (i. 667), is also produced: a. By dissolving oenzamide in aldehyde 
to which a few drops of hydrochloric acid have fjeen added. The rotiction is attended 
with rise of temperature, and the solution on coaling deposits the compound in the 
form of a white ^Irystalline mass (Nencki, Deut. Ckem, Ges. Ber. vii. 158). By 
gradually adding ^j,benzonitril (2 mols.) with agitation, to well-cooled strong sulphuric 
acid containing 1 mol. paraldehyde, leaving the liquid to itself for a few hours, ana 
then adding water, whereupon the compound separates as a white powder, which 
may be washed with ammonia and rocrystallisod from alcohol (Hepp a. Spiess, ibid. 
ix. 1424). * 

Ethylidene-dil|?nzamide dissolves easily in chloroform, carbon sulphide, ether, and 
hot alcohol, but is nearly insoluble in water. From the alcoholic solution it crystallises 
on cooling in long white noodles which melt at 204° (Hepp a. Spiess) at 188°(Nencki) 
and sublime at a l^her tomperatxire.^ Heated with alcoholic potash-solution, it 
yields benzoic acid, Oiid when boiled with mineral acids it takes up water and is 
resolved into aldehyde f.nd benzamide. 

Trichlorcthylidene-dlhenzamidc, GCl®.GH(NH.CO.C®H®)*, prepared in like manner 
from beuzonitril and chloral, crystallises from boiling alcohol in wavellitic groups 
of needles melting at 267*^, and decomposing at a higher temperature. It dissolves 
sparingly in ether, more easily in chloroform and carbon sulphide, and reacts with 
acids and withsilcoholic potash like ethylidene-dibenaamide (Hepp a. Spiess). 

Similar compiAnds are obtained from benzonitril and hromal, butyl-chhral and 
valeraldehyde. Benzonitril and benzaldohyde do not act on one another under similar 
conditions. The compound which Hiibner a. Schreiber,. obtained by the action of 
chloral on acetonitril (p. 439) haa probabl^lso a similar constitution, viz. that of 
triohlorethylidene’-diacetarnide, COl®.CH(NH.Ct).CH")*j (Hepp a. Spiess.) 

BTRTBXBBBB-OBTCOXiXiXO BTBBB, ^ or Monelhylie Ethylidenate, 
is formed, together with t»nnic acid, ethyl acetate, aldehyde, and 

acetal,' by the action of electrolytic oxygexi on ethyl alcohol.^ It is a liquid which 
dissolves sparingly in wi\ter, boils between 88° and 90°, and is oxidised by chromic 
acid to beetle acid (A. Renard, Compt, rend. Ixxx. 106). ‘ ^ 

BTBT^XiaLa.XiOXrxf3 BCXX», GH®.CH*.OH(CO*H)*. See Malonic Acid. 

BTBTXi-MBTKYB-CikBBXirrXi OBXBB and BVBPBXBB. See 

Butyl Ethbbs (p. 359). ^ v. 

BTBirXr-BKBTBYXi-SVBPBXXrB-OOBKPOUBlIS. See Sulvkinbs. 

BTBYXi-ItfAPBl^BBBOBAMXBB* See NAPUTilAUj^K-GoMPOUNUs. 

BTBPX-BXTBOBXC BCXB. See Nit^olic Acid. 

Cee OxAMic Ethkbs. 

See (\xAMiDB. 

BTBVXi-OBTBBBBOXC ACXB, 0’H®(C*I1»)0*. Ou the charactore of this 
acid, as prepared from ethyUmetacrcsolate, see p. 682. 
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awnrti-OXy BTO l M xb AC»8» OH>.CHOH.Q|aiO>H*).CO«H. See BirrYBic 
AdDS, OxT- (pp. 36-U365). 

BnnX-OXTOXA&n CBXiOm|pB« COCl— CO(OG«H’^). This compoQ&d, 
produced by the action of phosphorus oxychloride on ethyl oxidate (2nd 883) 

is strongly attacked by rinc-ethyl. On addins 2 mols* of latter by dropi tfiiu, 
1 znoL of the chloride contaitJOd in a well-cooL^ vessel, the mass gradually heeoines 
darker-coloured and more viscid, and finally pitchy, and a combustible gas, probably 
ethane, is given off ; on treating the product witSk vrater, more ethane is evolved and 
sine hydroxide is pi^aced. If the whole be then distilled, and the distillate ^ed 
with potassium carbonate and rectified, a colourless mobile liquid is obtained, 
tasting and smelling like peppermint ; very sparingly soluble in water. Sp. gr. ■■ 0*98 
at 12°: b. p, «=176°-176®: vapour-densito *»6*36. This product is ethylic 
diethyl- glycollato. C(C*H*)*(OH) — CO.OC*H*, identical with the ethylic leucate 
or diethoxalate described by Fraisland a. Duppa (iv. 273). Hence it appears 
that, under the conditions in which the chlorides C*H*“**CO.Cl yield ketones, the 
chloride of ethyloxalic acid yields the corresponding tertiary alcohol (L. Henry, Vetti. 
Chem. Ges. JBer. v. 949). 

BTB^;n..OJLmnCiPBOBBirZZl>E. See OxYSui.PUonRNZil>x. 

BTHni-VBairOZi. See Phekols. 


Bnm-psBarTZi-AOBTYX.BarB, = (C®n^)CzEC(C®H*) (T. M. 

Morgan, Chem. Soc. Joi^r. 1876, i. 1(42). This compound is formed by the action of 
ethyl iodide on the sodium-dorivati^o phenyl-acetylene {let SvppL 6) ; 


C«H».C=CNa + C»H^I Nal + C*H».CEEC.C»H\ 

V 

The two substances, in equivalent proportions, mixed with a quantity of anhydrous 
ether sufficient to give fluidity to the mass, are heated in sealed tubas ’'to 120^-140^, 
wnercupon a brisk reaction takes place, and a large quantity of combustible gas is 
formed, BO that it is advisable to upon the lubes from time to time in order U> relieve 
the pressure. On filtering the liquid product from the sodium iodide and distillinj^, 
ethyl-phenyl-acetyleno passes over at 200* and a small quantity of resinous matter is 
> loft behind. • 


Ethyl-phenyl-acctyleno, after being purified by two or throe distilliitions, is a 
colourless, very refractive liquid, having a peculiar odour, a sp. gr. of 0’923 at 21®, 
and boiling at 201®~203°. It unites dirtfirtly with bromine, nnt^when heated with 
fuming hydrobromic acid yields a hy drobrom ide heavier than water, smelling like 
poppcmiint, and partly decomposed by distillation. 

Tlio hydrobromidc, heated to 160°—160° in scalixl tubes wfih glacial acetic acid 
and au equivalent quantity of silver acetate, yields the corresponding acetate, 

QQjjjjQ, a fragrant liquid, boiling at 223°-230°, and convertible, by digestion 


over the water-bath with caustic potash, into the alcohol 

This alcohol, when purified by several distiHations, is a colourless liquid, having a 
pleasant odour, a sp. gr. of <^986 at 19^, boiling at 22^4°-226®, and combining readily 
with bromine. Its constitikXion ^might Ip represent by either of tlio follo-tfring 
formula; : 


CH A C®H»--C01i 

C»I1‘— lloH • C“H»— c!lt 


but further experiments are required to sfibw which of these is the true one. 

' • • 

Sec Cakhamidks (p. 391). 

^Bnrrik-PBBBYB BBTOBB. Bee Phmxti. KirroMijlb. 


BTBTB-PBBWrZi-oaLAJBZBB. See Oxamide. 


BTBTXr-PBBBTl|p8BBKZOAJlBA3LZ2>B.. Bee HTDRAZiNB'CoMrouKDS. 
BTBTl^PBliOBBTZO ACZB. See Phlobetic Actd. * 
BTBnMPSOBPBZPTB. See Phosphines. * 

BTSm-PBbPYB OABBZWOlit See Hbxtl Alcohols. 
BtaTB-PBOPn UTOBTB. See PbofYl Kbtomxs. • 

BTHyZHTTBOO A BBOB. See PrBOOALLom 

BVBTXi-PTBBOZi* C®H®(C*H‘)N. This compound i» produced by distiUiition 
of neutral ethylammonium mucate, C®H'*0*(C^H*.NH‘)*. Mude acid dissolves npidfy 



760 


ETflYLStTCCIimflDBJ— S^THTLYIirtL. . 

in a solntion of GthylaminoK with considerable rise of temperature. The solution, when 
evaporated, deposits rhomwc prisms of ethylammonium muoate, which closely resemble 
those of the ammonium salt, but are distinguished therefrodi by their great solubility 
in alcohol. The salt decomposes when duelled, evolving carbon dioxide. The dis- 
tillate separates into tjiro layers, the lower of which consists of a solution of ethyl- 
ammonium carbonate, and the upper <rf ethyl -pyrr<^, which is a liquid boiling at 
131®, ahd having the smell and external characters of orcjinary pyrrol. Its sp. gr. at 
16° is 0*8881 (d. A. Bell, Deut. ChetQ* Ges. Ber, ix. 935). 

BTKVK-SVCCZSrZMIZSB. See SnccTNTiiiDE. 

by the action of alcoholic or aqueous ammonia on the compound of succinimido and 
ethyl cyanate, (G^H*0®)HN.CN(C*H*)0 (succidcyanic ether), produced by direct com- 
bination of the two. It crystallises in needles, melts at 199°, and is decomposed by 
heating with aqueous ammonia (Monschutkin, Dmit. CHem. Gea. Ber, vii. 128). 

BTBYXi-SirZ.PBil.OBTKC ACZB, C^H^S.CH^OOOH. 

STBTZt-SirZiPRZSrACBTZC ACZB, 0'^H\S0.CmC00H. 

BTBYZi-SVXiPKOBACBTZC AGZDp G'^H^SO* CmCOOH. 

BTRTZi-SVZ^PHZia'ZO ACZBp C^H^SO^H. ) ^ ^ ^ 

r See Sulphurous Ethkrs. 

BTBTB-BVZiPBOirZC AOZB, ^ 

STBirZi-SirBPBintZC CBZiORZSB- «.Soe Sulphubyl Chlobibu, 

BTBYXi-TBBPBirB, See Terfknbs. 

BTHTXi-TBIBTZBrB* See Muthyl-thrtinb. 

BTRn-TikZOOARBZMZBBp 0S=N— G“H*, is easily produced by the action 
of ethylamine on thiocarbonyl chloride : 

CSOP + C*H»JSrH» = 2HC1 + CSi=N— 

t 

(Rathke, clxvii. 211). , ^ 

STBTXi-TBZOBVZ.PBtmZC AGZBp G^H^ Soo Thiosuj.piiuric Acid 
inder Sulphur, Oxyobh-Acids op. 

BTHTB-TOX^lTBp C»H>» == C"HtCH»)(C®II*). M o t a - o t h y 1 - 1 ol u e n e, 

G* is^prepared by boiling an ethereal solution of ethyl bromide and 

meta'bromotoliiene {2nd Suppl. 1164) with sodium for two days. This product, 
finally rectified oyer ^dium, is a colourless liquid boiling at l.')8°-159°, and having a 
sp. gr, of 0 869 at 20°. By oxidation with chromic acid, it yields isophthalic acid. 
With sulphuric acid it forms two meta-ethyl-toluencsulphonic acids. The 
barium salt of the o-acid, (C®H‘*SO")’Ba + 6H®0, forms large well-defined crystals, 
sparingly solubio in water ; the barium salt of the i3*acid is easily soluble and crys- 
tallises jp small prisms (Wroblewsky, Bent. Chem, Ges. Ber, vii. 140). 

Para -ethyl- toluene, is prepared by the action of sodium 

on a mixture (not exceeding 28 to 30 grams) of para-broino-tohiene and ethyl iodide. 
The product, after repeat^ rectification, ioils at 161°-162°, and does not solidify in 
a freezing mixture. By oxidation with nitric acid it yields pure paratoluic acid. 

Nitro-eihplioluenea, — Para-ethyltoluene, IVeated at ordinary temperatures 
with fuming nitric acid, yields two isomeric dinitro- ethyltoluenes, 
one of w’hich s^eparates from the oily product, on standing over sulphuric acid, in 
limpid monoclinic prisms or large tablesf whilst the other forms an oil which does 
not solidify even in a fiteezing mixture. The solid modification dissolves easily in hot, 
less easily in cold alcohol, and separates therefrom by stow crystaHisatioUvieVn very 
large crystJals having a rhombohedral character and melting at 52^. Both tfitst 
dinttro-compounds, when further treated with a mixture of nitric and sulphuric acids 
yield one and the same trinitro-para-ethyltoluene, C*H®(NO*)*, in crystah 
unaccompanied in either case by an oil. This trinitro-comgcMnd melto at 92°, dis 
solves sparingly in Cold, much more freely in boiling alcohol, and ciystalll^ therefroit 
in stellate groups of short, hard prisma (Jannasch a. Dieckmann, Deut, Chefn, Gea, Ber 
vii. 1 ^9), " . * 

See Vanillin (p. 305). 

^BTKn-imnrZi, C^H® = CH**— CH*— CH:=CH*. Normal Su^tem^ <p. 367).- 
Lieben {Bntt.rSfo, Chim. [21, xii» 282) obtained ethyl-vinyl aee^Wte by trans 
formation of secondaiy butyl iodide, prepared by the action of HI on butylene chlor 
hydrin, C^H»(OH)Cl (1#/ Stippl, 375). This acetate boils at 105°-111°, and has b 


Soo SULPH- 
ACETic Acids. 
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®P‘ ffr. of 0-896 at 0'‘, Heated with excess of strong aqne ppa potash in staled tuVs 
for ten hours to 130®~136®, it yields secondary butyl aleohol^OfiP — CH* — OHOH — OH*, 
boiling at 98-5®-99^, and haring a sp, gr. of 0*834 at'O®, and 0*818 at 21*^ (Nevoid, 
Cornet, rend. Ixzxv. 614 ; compare ChapmsA, Istf SnkppL 377)- 

Ethyl-rinyl bromide, CH‘—CH*—CHBp—CH^{b. p,,164®-166«)is ftwnied, 
together with ethylene bromfde (b. p. below 160®) and monobromethylene bromide 
(above ISO®) by heating 2 phi. vinyl bromide and 1 pt. sine-ethyl in sealed iulies for 
five or six woeu» The ethyl-vinyl bromide, heated with silver acetate and acetic acid 
in sealed tubes, yielded a distillate which, when freed from silver by baryta and from 
baryta by carbonic acid, formed a thick, colourless, sweet liquid, boiUngat 192®-193®, 
and having the composition of butylene glycol, mixed with a little ordinary glycol. 
The butylene glycol thus prepared is identical with that which Grabowsky a. &yUeS 
obtained by saponifying normal butylene bromide with potash or baryta (p. 862). 

STTRZXrOZTS. This mineral occurs in assmMation with cbalcomorphite (a 
calcio-aluminic siHcato described by G. vom llivth, Vogg. Ann* Ergan^ungsoa-nd, vi. 
376), from which it can sctircely be aistiuguished in oxternivi appearance. It is hox- 
Hgonal, exhibiting the forms P, ooP, OP, ^P. Axial ratio « : 1 ; 0*9434. Anglo 

P : CO P =^137® 27' (mojisurod) ; P : P in the terminal edge™ 136“ 40', in the lateral 
etlge = 94-64® ; inclination of the face P to the vortical = 42® 33' ; inclination of the 
terminal otlge P to the vortical » 46® 40'. Sp. gr. — 1*7604. Uardnoss a little less 
than that of gypsum. Cleavage prisraaUc, perfect. Swells up before the blowpipe, 
but (loos not fuse. Soltftdo in hydrochloric acid, and for the greater part in water ; 
the aqueous solution is strongly alkaliniV The crystals gi vt^ off water oven at 1 00°, 
and acquire a silky lustre ; at 120® they give off 33 per cent, water; at 160®, 34 per 
cent. ; at 200®, 36 per cent. ; and lit a rod heat, 46*8 per cent. Uuautibitivo analysis 
gave : r 

• Al^0‘ S(>* OaO UH> m 

7-76 10*04 27-27 I6-H2 {)7'i9 

The determination of the sulphuric acid was aUeiidod witli loss, so that this con- 
stituent should perhaps bo estimated 2*61 per cent, liigher. With t his allowance, the 
• analysis agrees nearly wdth the formula APO*.3SO* + C(Ca0.U’*O) + 20aq., which 
requires 8*21 per cent. APO*, 19*12 SO", 26*77 CaO, and 46*00 11*0 (l^hmann, Jahrb, 
/. Min* 1874, 273). 

111JCA.Xi r JPTU S. According to FaUst a. Homey cr {Dmt.Chcm. Ge$ Ber. vii. 
63, 1429), the oil of Encalj/pi^is glohtdm torpono boiling at 160®~161®, 

another terpone called eucalyptono, boiling at 172°--176^> ^fe**ther with cyme no 
and a campnor-like body, C**’U**0. The terpono boiling at 16(V®-161® is present in 
small quantity only ; it tfikon tiro with iodine, and rosinisos on exposure to the air. 

The oil called eucalyptol by Clocz i^Znd Sttppl* 493) is a mixture of about 70 per 
cent, oucalyptene and 30 per cent, cymeiio. After rectification over sodium, it 
boils between 171° and 174®. It dissolves in all proportions in al](^uto alcohol, 
ether, and chloroform, anci in about 16 ptg. of 90 per ceut. alcohol ; 4ias the odour of 
a line terpone ; detonates with iodine ; absorbs oxygen with avidity ; turns brown 
with strong sulphuric acid ; and is converted by oxidation with dilute nitric acid into 
paratoluic and terephthalic acids. ^ • 

The oucalyptene and cydiore* contain w in eucalyprol cannot bo separated by 
fractional distillation. To obtain ,^ho cymene, the mixture was shaken witii sulphuric 
acid diluted with one-fourth part of water, and then heated, whorfsby tho euciilyptcne 
was polymerised ; then, after three days, tlse liquid was mixoit with water and distilled, 
whereby a distillate was obtained, consisti;^ of cymene, which, after repoat(>d rcctj6ca> 
tion over sodium, boiled at 173®-! 74®. Tho banum salt of tho cymenosulplionic 
acid pjpwared from it had tho composition (C**H^O*)*Ba + 3HH), and tho prop^ortics 
detfdribS by Bbilstein a. Kupffor {2nd Suppt. 420). ^ , 

The eampboroidal body, 0**H‘*0, is a colourless oily liquid which bocoraes faintly 
yellowish on exposure to light, boils at 216®-218®, is insolublo in aqueous pot -i-sh, 
and yields cymene wh^ distilled with phosphorus pentasulphide. Its analysis gave 
numbers in^rmediate bttwoen those required by tho formulce C*®H*^0 ancf 
but the reactions of the body show that it is not an oxycymene (l^aust a. Homey er). 

Oppenheim a.. Pfhff(X^ca^. Chem. Ges* Ber* vii. 825) have examk^ Austnlian 
eucalyptus oil, probably obtained f^m Eucalyptus odorata and E, OTitygdtdin^ fiy 
repeated treatment with potash, washing with water, and fractionatieii, it gelded 
eucalyptqiie, C**H". boiling at 172®-176°, arrt having a vapour-density •■08r56 
and 68*22 (eaV^ 69, H » 1). This hydrocarbon dic^not form a crystallised compe^d 
with hydrt^loric aci^ or yield a cry&tallised hyd»ite when left ftfr six months in 
contact with nitric acid and alcoliol. When treated with half the calculated quantity 
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of iodine, it was conTerted into cyme no, which^ when oxidised with dilute 

nitric acid, yielded paiatoluic acid melting at 178^-17^®* The crude oil did not 
yield any oxidised compound answering to the euealyptol of Cloes. 

By exhausting old leayes of £kccal^^i4h fflobtUue with al<K>h61, a complex resin is 
^ obtained consisting of tannin ; a resinous acid dissolving with crimson colour in 
sulphuric acid ; a new fatty acid melting at 246®-24^,®, and containing 77 per cent, 
carbdn and 11 per cent, hydrogen; an alcohol which is perhaps ceryl alcohol ; and 
several resins (P. A. Hartzer, J)eu^ Chem, Ges. Her, ix. 314). 

This name is given by Shepard to a variety of magnesia 
mica, found at Chester, Massachusetts, in schistose masses formed of scales having an 
easy cleavage parallel to the base. Translucent in thin plates. With the polarising 
microscope it exhibits a single negative axis across the base. Colour deep green. 
Somewhat flexible. Hardness 2*5. , Density 2y^4, Composition: — 

FiO“ A1»0* Fe-O* MgOih Alknlis Loss on ipnitiou 

39-55 16-95 7*80 22*26 10*35 4*10 

(Pisani, •Cfcjwijo/. tend^ Ixxxiii. 166). 

SUGSIVOX., 0»’»H»*0^ = C«H»(0H)(0CH»)(C»H*‘) (Church, Chem. Soc. J. 1875. 
113 ; Wassormann, Liehi^*s Aiinal&fi, clxxix. 366). Pure eugenol prepared, as already 
described (ii, 604), by treating oil of cloves with aqueous potash, acidulating the 
alkaline liquid with hydrochloric acid, and distjlling, has a specific gravity of 1*066 
at 15® (Church), 1*0788 at 0®, 1*0630 aV 18*6° (Wassermann), and boils at 244° 
(uncorr.), 251*8 (corr.) (Church), at 246® (V^sermann). It does not reduce alkaline 
cupric solutions even at the boiling heat, but reduces ammoniacal silver-solutions 
w^hn loft in contact with them, oven at ordinary temperatures. By chromic acid mixture 
it IS quantifcitiyely oxidised to carbon dioxide, acetic acid, and water (Wassermanp). 
When distilled with caustic baryta, the greater part of it is carbonised, but a small 
portion is converted into a compound having the composition of mcthyUmigenoh 
C"H*‘0*. but differing from that substance by its boiling point, which is 202*5® 
(corr.), whereas methyl-eugonol boils at 287®-239® (Church). 

When bromine is added to an ethereal Siolution of eugenol, as long as any action 
takes place, and the ether then evaporated, a brown viscous residue is left which 
shows no tendency to crystallise, but is probably an addition -product, similar to that 
which is obtained in like manner from othyl-eugenol, hifta (Wassermann), 

Constitution of Evyetiol . — This compound is intimately related to coniferol, 

0®H»(0< ’ ' ’ 

potash, 

methyl-protocatt ^ - , , , , 

the oxidation of its potassium salt with potassium permanganate (p. 306). Acetyl- 
eugerwlf formed by heating eugetiol with acetic anhydride, yields by oxidation with 
permanganttoq admixture of acetovanillic acid and acotovanillin, which, when treated 
with a solution^f sodium hyposulphite, are converted respectively into vanillic acid 
^nd vanillin. Now in all. these compounds the hydroxyl-group stands in the para- 
position, and the methoxyl-group in the meta-position, -vith respect to the third lateral 
chain, viz. C*H*OH in coniferol? COOH i^ vanillic acid^ COH in vanillin : hence, also, 
in eugenol the relative positions of the lateral chains must be : 

0»H» : OH : OCH* =.*1:3:4. 

t V 

^ %■ 

Siiuhsiitutio^-derivaiives of Eugenol. 

Aoetyl-ougouolfLC**H^O**‘C®H*(OCH*)(OC*H®OXC*H*), is prewired by bditing 
a mixture of equal parts of eugenol and acetic anhydride for three or fotirlioiirB in a 
vessel with a reflux condenser. On distilling the product, acetic acid and anhydride 
pass over first, and then the thermometer rises quickly to 2^p^, at which temperature 
the acelyl-eugenol distils over as a colourless oil, which solidifies on 'cooling to a 
crystalline mass. 

Acetyl-eugenol molts at 30®-31®, dissolves easily in alcohol and ether, is insoluble 
in *Water and m cold dilute alkalis, and is d^omposed by boiling caustic alkalis into 
eugenol and acetic acid. Strong s^phuric acid dissolves it with deep red colour. 

^ Acetyl-eugenol is oxidised hj^ pottteeimn permanffunate solution at ^6°-40®, to 
acetovanilno acid, and acet-alphahomovanilUc acid, C’*H**0* 

(see Homovaniluc acid). The formation of this last acid shows that the radicle 
Cf*H* in eugenol has the constitution of allyl — — CH:=:CH*- 
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C‘H»^C»H»0 + o* - + CO» + HH). 

\CH»— CatrCH* \CH*— OOOH 

Aoetyl-eogenoL AoetbomoTimilUc 

•okL 

Tho acetoraniUic aci<J, which th® sole product obtained at h^her temperatures, 
results from oxidation of the ^iremaining ^0^ (Tiemann a. Nagi^'oai-Nagai, 

Deut. Chem. Gea. Ber, x. 202) ; see also Erlenmeyer 62$). 

The derivatives of eugenol containing ethj^l and its homologues ore prepared by 
heating potassium-eugenol with the iodides or bromidcM of the various radicles, and 
a little alcohol in sealed tubes. ^ 


atliTl-eiveiioI, = C«H^OCH»XOC«H»)f C»H»). Wassorinann (ZerWs 

Annalen^ clxxix. 366) prepares this compound By graaually dropping ethyl bromide 
<33 parts) into a mixture of 60 eusdlkl, 17 potassium hydroxide, and 40 water, 
neat^ in the water-bath in a vesdH fitted with a vertical condensing tube kept cool 
by ice. The heating is continued till the smell of ethyl bromide is no longer peircep- 
tible, the liquid then diluted with water, and the ethyl -eugenol thereby separated is 
further treated with potash and with water, and dried over calcium chloride. * 

Ethyl -eilgenol boils at 260^ (under 713 mm.), or at 264° (under 760) ; has a 
density of 1*0260 at 0°, and 1*0117 at 18*6°; does not act on vegotahlo colours. 
When distilled it partly polymerises, and at 268° a brownish resinous mass is left 
behind; and bjr washing this mass '^^ith water and crystal lising it from alcohol, 
laminae are obtained having the composition of otbyl-ougcnol, melting at 126^ and 
subliming at a higher temperature. ^ 

Ethyl-eugcnol, oxidised by chromic acid mixture, yields acetic and ethyl-methyl 
protocatechuic acids : "* 

• + o* =* cnvo^ + ^ 


together with acetaldehyde and a smadl quantity of a crystalliiio body which smotls 
like vanilla and melts under water (Wassormann). 

Action of Bromine on Ethyl-^euffenol . — When othyl-ougenol is treated witli bromine 
tho manner above described with respect 4to eugenol itself, a crystalline mass is 
obtained which, after being purified by crystallisation from hot alcAhol, has the 
ccjmposition C‘'-*iI‘*Br*0®. It forms lustrous silky needles which melt at 80°, and 
imw bo sublimed unchanged. It is readily spluble in ether. Wlien this comiwmnd, 
which may bo regarded as an addition-product of mouobromothyleugffmol, C’*K‘'*BrO*, 
is treated in alcoholic solution with metallic^ xinc, the additive bfsumiuc is removed, 
and a colourless compound obtained, crystallising in largo rhombic prisms which melt 
at 48°. This is soluble in alcohol and ether, and possesses '^a blue and rose 
fluorescence. Its composition is r^prosentod by tho formula 0*“ll**BrO*, and as 
neither silver acetate nor potassium acetate or ethylate has any action on it, it is 
almost certain that tho bromino-substitntion has taken place in tho bonxqpe-nnclouH 
and not in the side chain. The substituted bromine may therofor^i^o most con- 
veniently displaced from the compound C**H**BrO* by moans of naswnt hydrogen, 
treating it in alcoholic solution with sodium-amalgam ; tl;^ pioduct thereby obtained 
is cthyl-eugenol. The two bromine-compounds may beywpresented by tho formulae 

CH* ' • ^ CH» 


|h 

0*H*Br(OCmxOC?H*)‘ 

^SUiyl-bromeugonol. 


CHBr • 

IjHBr ’ 

I’*If‘Br(0CH*X9C»H*) 

Ethyl- tfroiiiimgoiiol 
lUbromlrlr. 


(Wassormatm, loo, cU,) 

The higher homologues of ethyl-eugcnol have been prepared and examined by 
Cahours (Ixxipv. 161). fGhey are all converted by gradual oxidation into homologues 
of protocatechuic acid. « 

fOCH»CH*CH% 

Propyl«fiffenol« C**H**0* -» C*H* j obtained by heating in a 

flask, subsequently sealed in the blowpipe, a jnixt^ of 100 parts of eugenpl, 100 
parts of propel iodide, and 34 or 86 parts ^ poUtsaiiun hydrate, previously dissolved 
m strong alcohol. The mixture, which must be shalAn from time to tibio, deposits 
potassium iodide, after which the flask is heated for some heurs in a wateivbath, until 
the deposition of jotassium iocBde eoascs, whereupon the heat is withdrawn and the 
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toDts of the flask are treated with water. A heavy pU then separates, which is washed 
with potash and water, dried with ccdcium chloride, and finally distilled, the portion 
passing over between 260® and 270® being collected apart. 

Propyl^engenol is a mobile liquid, ofp light amber colour, ^th an odour resembling 
cloves, it is insoluble in water, but dissolves easily in alcohol and in ether. Its 
density is 1 *0024 at 16® ; it boils between 263® and 266®. Bromine and fuming nitric 
acid attack it violently. By gradual oxidation with & hot dilute solution of potassium 
permanganate, it is converted into methyl-propyl-protocatechuic acid: 

C»H*(OCH»)(OC»H»)(C*H») + 0« = C«H»(OCH«)(OC*H»)(CO*H) 

+ 2CO* + 2H*0. 

I'^opropijUu^enol, C>*H»"0»«C«H»[CH(CH»)*](OCH*)(C*H»), obtained like the 
preceding compound, boils between o262® and 264°, and has a density of 0*199 
at 17°. ^ 

Butyl-eufirenol, C'^H®*0* = G®H*(OC‘H*)(OCH*)(C*H*), prepared in like manner 
with butyl iodide, is a faint amber- coloured liquid boiling between 272® and 274°, 
and having a density of 0*986 at 16°. Potassium permanganate oxidises it to 
methylbutyl^rotocatochuic acid, C**H*«O* = C«H"(OCII»)(0C«H®K0Om). 

Amyl-euipeiiol, = C«HXOC»H“)(OCH»XC»H»), closely resembles the 

preceding compounds. It boils between 288® and 285° ; has a density of 0*976 at 
16®, and is insoluble in water, but soluble in alcohol and ether. Its odour resembles, 
at the same time, that of cloves, and that of ,;the amyl-coir pounds. Potassium per- 
manganate, at a temperature of 76®-80®, oxidises it to amyl-methyl-protocato- 
chuic acid, C‘»H’»0*«C«H*(OC*H“XOCS*)(CO*H). 

Kexyl-ewgenol, obtained by the action of hexyl chloride on potassium-eugenol, 
if aa amber-coloured liquid, boiling between 296® and 300®. 

Allyl-e^genol is obtained by the action of allyl bromide on potassium- eugSnol. 
On distilling the product, a portion passes over between 267° and 270®, then the 
temperature rises to 300°, and the liquid which passes over solidifies on cooling 
intxj a resinous mass. The first product gave numbers leading to the formula 
and is, therefore, allyl-cugenel, C*fl»(OC®H®)(OOH*XC»H‘^). The secom’. 
body gave thS same numbers, and is, therefore, a polymeride : it boils between 284® 
and 290®. 

Benzyl-eu^enol is prepared in the same way as the preceding compounds, 
and resembles tlit^ni in every respect. It is partially decomposed by distillation. 

Eugejiols containing Diatomic Alcohcl^adicles (Cahours, CompU rend. 
Ixxxiv.' 157, 1195), 

( O O 

Btbylene-eugenol, C«I1« W = C-H® 4 OCH» CH*0 -CTI*. This com- 

O^H»J 

pound, forWd by the union of 2 mols, of eugenol having their hydroxylic hydrogen- 
atoms roplac^ by the bivalent radicle 0*H®, which joins them together, is prepared 
by heating in a sealed tube a mixture of eugenol, alcoholic potash, and ethylene 
bromide. When purified in usual way, it appearST as a mass of splendid white 
plates, with nacreous reflections. It is insoluble Jn •5fater and cold alcohol, but dis- 
solves in hot alcohol, which deposits it again on cooling in largo nacreous plates, 
melting at 89®. Ether, benzene, toluene, glacial acetic acid, and acetic ether dissolve 
it on heating, and deposit it on cooling in well-defined crystals. Nitric acid and 
bromine attn..k it violently. Phosphorifs pentacliloride at a gentle boat attacks it 
strongly, forming a brownish-yellow resin, insoluble in water, slightly soluble in 
alcohol and ether. By potassium permanganate, ethylene-eugenol is oxidised to 
ethylone-di-methylprotocatechuic acid, 

^ (O C®H* O) 

C"ll'»0« - C»HMOCH* CH»olc«H*. 

[com com)^^ 

O O) - 

OOH* CH»OlC®H*, is formed 

C*H» . C®H»i 

by heating trimethyleno dibromide for som hours in a sealed tube placed in a water- 
bath with an equivalent proportion of potassium-eugenol and a little alcohol. An 
rbnndant deposit of potassium-l^romide is then formed, and the liqi:jd on cooling 
becomes filled with splendid crystals of propylene- eugenol, which, when v^hed with 
potash and water, drie^ between blotting-paper, and dissolved in boiling alcohol, 
separates out in nearly colourless ciystals, and after rccrystallisation from ether» 


Propylene-encrenol, C*H* 
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forms colonrlesB, satiny ciystaU closely resembling ethylene-eugbnol. From alcohol it 
separates in small, shining, colourless prisms. Potassium ^rmapganate oxidises it 
to propylene-di-methylprotoeatechuic acid, 

A compound isomeric with the propylena«eiigenol just described is obtained by 
heating propylene dibromide, CH* — CHBrS-CBPBr, with potassium-^ugenol and 
alcohol. On evaporating the alcoholic liquid separated from &Cy..pota8sium bromide, 
and washing the residue with pa^ash and water, heavv aromatic oil remains, which 
deposits a few crystals ; and on pressing these between bibulous paper and recrys^l- 
lising from ether, needle-shaj^ crystals are obtained having the composition 
and melting at 66«-68° (Cahours), 

A bismuth silicate hitherto known only as occurring at Scbneeberg 
in Saxony (ii. 606), has lately been found also at JohanngeorgonstadL The Schnee- 
berg mineral, however, occurs in distingaishaA>lo crystalline forms of clovo*brown 
colour, whereas that from Johanngoorg||D5tadt forms transparent, colourless, or wine- 
yellow spherules resolvable by the lens into groups of perfectly rounded crystals. 
These spherules gave by anaUysis 10*67 per cent, silica, and 81*82 bismuth oxide, 
together with 0*90 ferric phosphate, agreeing with the formula 2Bi*0*.3Si0* (16*25 
silica and 83‘75 bismuth oxide), which is that of the Schnooberg mineral lis deter- 
mined by vom Rath. The spherules are in^lauted on quarts, and accompnniod 
by bismuth, bismuth ochre, and cloanthite. Eulytiu is often acconmauied bv an 
arsenite of bismuth called agricolite (p. 48). (Frenztd, Jahrb, J\ Mincrahmie^ 
1873, 785). 

lSirPBO&JiZA« The ash of Emphorbia a7iip<]ffiahid^ has been analysed by 
Wittatoin {Arch. Vhann, [3], iv. 341), wit^the following result h ; 

r. Ofh ftilicemtH soxf. 'Potnl ash of air-dried plant « 5*936 per cent. 

K*0 NV-n NsiCwith cn CuO Aro’ l .-'d" 

• 33441 1143 1*155 15*121 4*371 1*057 • 0*m 

Mn*0* Cl 80* PO* 810* (’0“ 

0*344 1*781 7*136 5*414 12*«y3 15*«:i2. 

2. From another siliceous soil. Total a«Ji «4*86() per cent. 

K“0 Ntt*0 Nft(wlth Cl) CaO MrO APO* FcH)« 

15*362 0*298 0*640 33*135 4*790 1*326 0*656 

Cl SO* , ro* 810 * 00* 

truce 0*836 3*733 4*474 8*684 25*970. 


According to P. II. Dilg (PA«r»^. J, Trmis, [3], vii. 455), th^^aqiUMius extract of 
the root of Euphorbia Ipecacuanha does not contain sugar, but givos^the sugar reaction 
after Wiling with hydrochloric acid. The alcoholic extract, contains fat, a waxy 
substance, and a crystalline body. The extract prepared with potroloum-ethor con- 
tains euphorbone (ls£ Supply 600). 

1. Of the Bat. — W, M‘Murtrie {Anterican iv. 339) 

has analysed the excrements of the common but found iu a cave aWut two miles 


long, in which these animals collect in large numbers, 
many parts 15 feet thick. Its Analysis gave : 

Moisture . . .* .* . . 

Or^nic matter . . 4;, 

Silica, insoluble in hydrochloric iicid 

soluble ,, ,, . 

»sphoric acid (P=0') sol. in water , . 

,, „ - insol. ,, . ^ 

ric oxide , . • . 

^%lamina 

Lime ........ 

Magnesia 

Nitric acid . 0 

Sulphuric acid . • 

Soda ........ 

Carbonic acid 


:iyer of oxci’ernent is in 


12*8000 

9*7000 

42*2900 

4^*4100 

0*2277 

1*4673 

0*1169 

19*8890 

1*6377 

2*0900 

0*0823 


See also ]^pp (2i»d Suppl. 496). 


99*7019 


2. Of Faulty , — Experiments have been made bj von Knioriem {SSeU9chr,j. 
Biologic, xiii. 36), with the view of determining the effect piodticed on the excratipOQta 
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of birda by Bubstancaa, such as asparagine, aspartic acid, glycocine, leucine, 
and ammonium salts, ’which are known to be converted into urea in the bodies of 
mammals. The result has been to show that, in the bodies of poultry all these 
substances are converted into uric acid, with the exception of the ammonium salts, 
which leave the body of the fowl in thor original state. This accounts for an excess 
of ammonia in the excrement beyond that necessarv to combine with' the uric acid 
present. During tHe digestion of jj^roteids by fo^ls, the same bodies are formed as 
in the case of ammonia, viz. aspartic acid, leucine, anc? glycocine, and these products 
may be regarded as the forerunners of uric acid. 

anXFKOSlON’. The following statement of the composition of various explosive 
materials of recent introduction is given by A. Nobel [MoniU Sdent^. vi, 248). The 
proportions of material used in the manufacture of dynamite are : strong nitric acid 
11/5 pts.; strong sulphuric acid 2 04 ; glycerin 1*45, and 0*25 dry infusorial silica. 
Explosives of similar composition are : ammonia-powder, dualin, seranim and litho- 
t'racteur. Ammonia-powder is prepared 4hth 80 pts. ammonium nitrate, 6 wood- 
charcoal, and 10-20 pts. nitroglycerin. It excels dynamite in explosive power, but 
the ammonium nitrate renders it hygroscopic. Seranim is a mixture of potassium 
chlorate and nitroglycerin: the chlorate enhances the price and the dangerous 
character of the product, without improving it. Dual in is a mixture of saw-dust, 
saltpetre and nitroglycerin: it has not come into use. Lithofracteur consists, 
according to the statements of the manufacturers, of 65 nitroglycerin, 21 infusorial 
silica, 6 wood-charcoal, 15 barium nitrate mixed with neutral sodium carbonate, and 
3 sulphur “with manganese dioxide. Dyna^mite ‘No. is ordinary gunpowder 
having its sulphur replaced by nitroglycorig. 

The following are the relative ballistic powers of these compounds, that of nitro- 
glycerin bein^ — 100 : 

For oqual For eqiiol 
Weight ’Volumes 


OompioSbod gun-cotton 71 46^ 

Dynamite (0*26 silica, 0*75 nitroglycerin) ... 72 74 

Ammonia-^wdor 83 * 80 

Corap. gunpowder mixed with 20 jw cent, nitroglycerin . 50 — 

•Strongly explosive powder of Curtis.a. Harvey . , 28 17'6 c 

Morcurid fulminate 30 — 

The strongest lithofracteur ...... 66*5 63 


Koux a. San'^HU {Compt, rend, Ixxiit. 767) have determined the different forces 
exerted by variou's explosive substances, according as tho substance is made simply to 
deflagrate (explosion of the second order), or to detonate by the percussion of mercuric 
fulminate (oxplosivn of the first order). The reciprocals of the weights (after due 
corrections) of each substance, which, when exploded in the two ways just mentioned, 
sufficed to rend similar cast-iron shells, gave the relative explosive forces. Some of 
the results are given in the following table, the explosive force of gunpowder ignited 
in the ordtn^;!^ manner being taken us 100 : 

w Explosive force 


Mercury fulminate ^ 


iBt Order 
. ‘ . 928 

2nd Order 

(luiipowdor 

0 

, . u . 434 

100 

Nitroglycerin ' . 


. 1013 

480 

(lun-oottoyi . , . 


. . 646 

300 

IMcric acid .... 


. 660 

204 

PotasSiUm picrato 

V 

. 631 

182 

Barium piernte . 

. ^ 

. 660 

171 

5ltro]itiuni pi«’Tnti* . «•. 


. -^461 

136 

Lead piorate 


. 694 , 

Why. 


Houx a. Sarrau (t6irf. Ixxvii. 138, 478) have also determined the beat of combustion 
of various explosive substances. The experiments wore made with cylindrical cast- 
iron shells, having a thickness of metal equal to 6 mm., and internal capacity of 270 
to 280 O.C. Tho powder was exphslod by means of a wire ignited by 4n electric cur- 
rent. The shell 'was immers^ in a copper vessel containing water, the temperature 
of which 'was observed before ami after ibo explosion. Tlie results are given in the 
following table : ^ 
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Composition of Powder 

Heat-natti 
evolved for 

1 kilo, of 
powder 

Weight ot 

“kSolor 

powder 

Nitre 

Sulphur 

• 

Ohamal 

Sporting powder . 

CMnance powder 

Rifle powder . 

Blasting powder . 

78 
;> 76 

74 

62 

10 

12*5.. 

10*5 

20 

12 

12*5 
16*5 
» 18 

.fl07-8 

7fi2-9 

730-8 

670*2 

0*387 

0*41^ 

0*414 

0*499 


In another set of experimentB tho volume of gas produced by the combustion of 
the sovoral kinds of powder waa dotemiined by exploiting the powder in a wronght- 
iron cylinder of known capacity connected witH^a mercurial pressuro- gauge. 

The results obtained iiro tabulatod||iii follows : — 


I Heat* tint to. 

I (klL-degrtM»j«)| 


Detarrccs tJ. 
ti'iri{H:ratiire) 


Vol. of snts 
inlttroH 
rCHlucfKl to 
and 700 


PrcMfiurn In 
atmospheres 


.Sporting powder 807*3 

Oniimnco imwdcr 

Hiflo powdtjr . 730*fl< 

Bbisting powder 570*2 


4654 

284 


373 

4360 

261 

4168 

349 

4231 

280 

4330 

339 

i * 3372 

307 

8792 

270 


Kxperinients were also made with dynamite, gun-c<jtion, 
mixtures with the following results: 


and other 

e 


exploshre 


Gun-cotton . . . . . 

Dynamite of 75 per cent. 

Picrate of potassium . . . . 

Mixture of 55 partes picrato and 4.5 ^ 
nitrate of potassium . • *( 

Mixture of equal parts of picrate and > 
chlorate of potassium . • * > 


Ucat-unito 

• 

Weight of HHS 
for 1 kgr. 

Vol. of KOH 
for 1 kgr. 

I0.56'3 

0*863 

720 litres 

12900 

0*000 

466 „ 

^ 787*1 

0*740 

576 „ 

916*3 

0-486®' 

n 

334 „ 

1180*2 

0*46^ 

829 „ 


lyniling Temperature of Explosive Tlodwjs. -When explosive substances are slowly 
^va^med, they detonate at a lower temperature tliaii when they are suddunly heatsa. 
To eliminaU* this soiuxse of o'ror in the determination of the tomporat|^*'e of ignition, 
h\ Hess (Dwjjyi./xrf. ccxviii. 227) introduced into the l>ath in which a substance 
had been exploded by gr^ua^ heating, a second sample of the same substance at the 
temperature of the explosion, and repoatod this treatment till the times during which 
the samples ha^l to remain in ^^o bath befoH explosion were fjound to be equiu in two 
successive experiments. The moan of the two temperatures thus observed was taken 
Hs the temperature of ignition. By this method it war> found that the purest gun- 
cotton, prepared by Lenkas process, explodq^ at 250^ ; djmamite pre|^red with in- 
fusorial silica at 230® ; Schultze’s powder at 220*75®. This method, however, r^uires 
considerable time, and an approximate ostifllhte of the temperature maybe obtained ns 
follows : A sheet of thick platinum foil, horizontally extended, is heatM near the end 
by aJMH^pipo flame, and the places on the sheet at which, with a given power of 
flame, cadmium, tin, bismuth, lead, antimony, &e., enter into fiflnon are maned. By 
this means, the kindling temperatures of the explosives may be compared with the 
melting points of the se^ral metals. 

On the influence of tlmC^ose on the Explosion of Compressed Gun-cotton, see Cham- 

S ion a. Pellet rend. Ixxxi. 962 ; Ch^. 8oc. Jour. 1876, i 516).* Tho sameauthoni 
irect attention to certain analo^es l^tween the phenSKuena of explosion and those of 
the sudden ciystaUisation of salts from t^eir suponaturated solimons (Oompt, rend. 
Ixxvii. 53; Cnem. Soc. Jour. 1873, 1103). 

JBxploiriong in Flour-^tU . — These explosions nAy be due either to the rapid com 
bastion of finely divided flour diflbsed thro^h the aier, or to the ignition of a niixtiiM. 
of air with ga^^cs produced by tho deeompositloD of flour. 
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a. When 6our is mixed with air, and a candle is brought in contact with the 
mixture, it will ignite and hre off, just like a mixture of air and inflammable gas. If 
the stones of a flour-mtil are placed too close together, they occasionally strike, pro- 
ducing sparks, which ignite a small portion of the cloud of fine particles surrounding 
the apparatus, the motion of the elevdior promoting the combustion by creating a 
current of air. The combustion, thus favoured, passes instantly through the whole 
room, and an explos^n follows. ^ 

ff. Flour and bran, intimately mixed give off ax«450'^ C., a gas which, when 
mixed with 9 vols. of air, forms explosive mixture easily ignited by a spark from 
the stones of the mill. (See Bingl, pol. J, cevi. 417 ; Chem. 8oc. Jour. 1873, 420.) 

Explosions vi Hydrogen Generators . — ^These explosions may be prevented by 
attaching to the exit-end of the apparatus, and therefore after the wash-bottle, a 
small tube containing discs of wire-gauze pressed between cetton-wool (Frosenius, 
ZdlscJir, anal. Chem. 1873, 73). ^ 

ZSXTRACTS. A method for the prepara^on of extracts without heat is described 
by A. llorrera {Pharm, J. Trans. [3], viii. 283). He finds that on congealing the 
Holul ions of vegetable juices, and in general of aqueous solutions of organic principles, 
tliu dissolved principlesromain in the mother-liquors, and that two or throe congelations 
urti generally sufficient to produce a solution concentrated enough to allow of the 
extracts being ^Mshed either by exposure to the sun, or in the drying-closet. The 
congelation is in a freezing-machine (sorbeti^ro), with a freezing-mixture 

of ice and eitllll^ilijby or calcic chloride. After a largo portion of the solution has 
congealed, tho^ iidi^ass is pressed, and the mother-liquor congealed a sufficient 
number of times, just short of the precipitjatioft of any sparingly soluble principles. 
Kxtracts so prepared are said to represent accurately the properties of the plants, which 
is nor. always ifio case 'with those which are obtained by heat-concentration. Conium 
extract, for example, when thus prepared, has the characteristic odour of conine, and 
when dissolve^ in water resembles the juice of the plant in appearance and properties, 
its albumin being unaltered. 

(^n the quantities of Ext.Eact obtainable from various Vegetable Substances, see 
DaukworLt (Arch. P/iarm. [3J, vi. 128; Jahresb.f, Chem. 1876, 821). 


F 


FAnCATnnTE. Sco ExAii.jiTK (p. 733). 

3E* ASSAXTB. On Fassaite from the lava of Santorin, see Fouqu6 ( Compi. ratd. 
Ixxx. C31 'jCiiem. Soo. Jour. 1876, 624). On Paoudomorphs of Fassaite after Monti- 
cellito, SCO G. 'V^ni Hath (Jahrh, Min. 1874, 413; Jakresh.f. Chern. 1874, 1289). 

X'AT. Formation in the Animal Body . — Experiments have been made by Weisko 
a, Wildt (Zeitschr. f. Biologic, -x. 1 ) to determine whether the formation of fat in 
animals is duo to the carbohydrates c / to the protends of the food. Of four male 
pigs six weeks old, fed aud treated in the same manner, two were killed, and used for 
estimation of fat,, nitrogenous tissue, aud mineral substance ; the third was fed with 
food poor in albumin, and the fourth with food rich in albumin ; the last, however, 
did not long sAstain this diet, and must therefore be excluded from the results of the 
experiment. The pig which was fed foiv l84 days on food poor in albumin (starch, 
bran, potatoes) digested the non- nitrogenous substance (starch) almost completely, 
the protoids to the amount of three-fourths, of the fat only one-fourth. At con- 
clusiou of the feeding ^xperimcnt, the amount of fat, proteids, and mineral substance 
were determined in the slaughter^ animal. The carcasses of the suckiDg pigs con- 
tained largo quantities of water with only smhll amounts of fat, whereas, in the pig 
fed on potatoes, this proportion was reversed. A comparip«M of the composition of 
the sucking pigs, of the pig fed as above, and of the fooa given to it.'^showed that, 
with a diet poor in albumin, th,f> prot'eid substance was sufficient to account for all the 
flesh and fat produced. 

On the preparation of Emulsiona of solid Fats, see IMCattison (Pharm. J. TVans. [3], 
iv. 998). 

‘ On the determirtatUyn of the specific gratntg of Fats, see G. W. Wigaer (Analyst, 
L 146; and C, Estcourt; Chem. I'ews, xxxiv« 264). 

On the esthnaiion of Fat in Milk, see Miut. 
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Decomj>os%ii€n of Fats , — A method of decomposing f&ts, devised by J. 0. Bock of 
CSopenhagen, is described by W. Lant Carpenter (Chsm, News, zxvi. 88). Bock found, 
by microscopical examination, that neutral fat consists of small spherules surrounded 
by albuminous envelopei^ the removal of 'vllieh is the first step in the dt-NComposition 
of the fat. This is efifected in Bock's process by leaving the fat for sumo time iiT 
intact with strong sulphuric and the nentral fat thus ‘relc^od from its envelope 
is in a condition to be easily decomposed by ooiling with water. The fatty 'Ucids 
thus separated are brown, but may be bleached byAho action of oxidising BuV)8tanceB, 
then washed with water, and subjocttMl to cold ana warm pressing. Tidlow. treated 
in this manner, yields, according to Bock {Dinpl. pol. J. ccviii. 2:10(1, 9ft per cent, of 
fatty acids and 6-6(i per cent, of glycerin, but about 2 per cent, of the fatty acids is 
lost during the oxidation and washing. 

On some peculiar modifications of AnimoM'ats, resulting from the Fermentation 
and Digestion of the Neutral Fats Food prior to and during Assimilation, see 
H. C, Bartlett {Anali/st, i. 175 ; Ckem, 8oc, Jour. 1877, ii. 207)* 

Black or ilark brown fcjathers or hair, treated succossivoly with 

alcoholic ammonia and with dilute sulphuric acid, ^deld a black residue, containing, 
according to the mean of ten analyses of feathers from several species of Corvus, 6ft*4 
per cent, chrbon, 4*25 hydrtjgon, and 8*5 nitrogen, a composition mey be repre- 

sented by the empirical formula C*ii”NO*. This black pigment ii^BE|lUred I>y dilute 
acids oralluiliM, but is oxidised by nitric acid. Bromine iwts upl^mptotning noveral 
compounds, one of which is soluble ig water, and gives a cha 

sp<^!trum. The solutions obtiiinoil by y^ting the featbeni with dilute sulphuric 
acid also gives very decided absorption*Bpectra. The feathers of the common rook 
contain about 1 per cent, of the black pigment (11 odgkinsou a. Sorby, Pharm. J. 7Va»w. 
[3], vii. 432 ; Chem. Soc. Jour. 1877, i. 426). 

^On the Dyeing of Feathers, see Dinpl. pol. J. ccviii. 318 ; ccxb Chnn. Soc. 

Jour. 1873, 1069; 1874, 1193; also C^m. Centr. 1872, 743; Chem. St>c. Jour. 1873, 
423. 

COFFm^SO&VTKW. According to Boivin a. Tioiseaii 
^Compt. rend. Ixxtx. 1263), this solution, wnen diluttKl with distilled Mtitcr, doiMisiU 
cupric oxide on boiling, and becomes more or less decolorised, but tje decoloration 
does not take place when the liquid is diluted witli river (Seine) waiter, the salt,H in 
which appear to prevent the dc‘Compositioii which is prcKlnced by the actir>n of the 
water alone. G. Missaghi {Gas;s. chim. iU^. 1^7 fy, i\\) thinks ij^proferiiblo tx» jwld 
to the liquid a few drops of a solution of tartaric acid or Kocluillo^ift. 

Aceunling to P. Jjagrango {Compt. rend. Ixxix. 1005), a very stabio HOiuwon, not 
rfsluced either by boiling or by addition of cane-sugar, is oi^iiintMl by dissolving 
10 pts. of pure cupric tartrate in 500 pU. of distilled water and 400 pts, of causti** 
Htsla, nn<l keeping the stdution at the mjiling heat for twenty-four hours, renewing 
the water as it ovaporatos, Tho cupric tartrates is prepared oil her by doconiposiug 
cupric sulphate with neutral sodic tartrate, or by dissolving recently piwpipitated and 
well-washed cupric hydroxide in tho requisite quantity of Hrslium birtAito. Missaghi 
observes that in whatever way the s^dution may be nreparerl, tlio only way of preserv- 
ing it unaltered is to euclose it in sealed tubes and keep it In thodisrk. 

VBIkSm. Analyses of the Felsito>r<^s of Queensland have been made by K. 
Daintroe (Geol. Soc. Qu. J. xxviii. 271 ; Juhrcbh.f. Cfuim. 1873. 1215, 1218). 

Microscopical examinations of Saxon Felsites and Pitchstoncs liawe boon publish'd 
by K. Kttlkowsky {Jahrb. f. Min. 1874, 646j. ^ 

BBBBPBJt. Artificial Formation. — ]t|autefeuille {Compt, rend. Ixxxv. 10X3) 
has lately succeedid in producing crystals of ori^pclase and albito by boating tho 
element^ gf these minerals in presence of certain fused saltiS, suAi as tungstic aev* or 
alkali^ tungstafes : thus a mixture of silica and alumina in presence of at^d jaitas- 
►ium tungstate, at a temperature between 900® and 1000^, pnxloees tridymite, ortho- 
clasc, and triclinic felspars. If the potash and alumina are in the proper prfjportions, 
the tridymite and triclii^.c felspars disappear after 15 to 20 days' heating, arurl the 
orthoclase aldlie remains. * A highly alkuine silicoaluminate of po^stum containing 
1 mol. Al*0* Uj 6 mols. SiO* mixed with tungstic acid gives the same result. When 
soda is substituted for potash, other conditions remainTng the same, albite is formed. 


natural ones, are not attacked by acids. The cr^isptallographic examination of the 
artificial albite shows that it almost exactly resembles tho natural crystals fieom 
Dauphin^ and Tyrol. The crystals having the composition of orthoclase appear 
Zrd Sup. 3 ^ 
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to bo analogous to those found in the St. G-othard. The specific gravities of the 
crystals of those minerals, natural and artificial, are as follows : 

Natural Artiflcial 

Orthoclaso , . . . 2*4-2'62 2*66 

Albite. 2-59-2*65 2*61 

Crystals of orthoclase have been found accidentiiFy produced in the upper parts 
of copper-smelting furnaces at Sangershausen in the Mansfeld, and at Stolberg in the 
Harz. ^ . 

IMConocll^io Felspars. C. Bischof {^Dingh poL J. ccxvii. 319) hnsanalysod 
a number of felspars of the orthoclase type from a newly discovered stratum in the 
gneiss of the Odenwjtld. In the following table the felspars are arranged in the order 
of their fusibility, which ia the same cs that of their acidity, the most fusible and 
most acid being placed first : 

• Lt>8B on 


SJO“ 

Ai^cy* 

Po»0“ 

CnO 

MgO 

X“0 

Xn-O 

ignition 


07-92 

18-90 

1*28 

2 02 

0*39 

1*87 

6-93 

0*61 = 

99*92 

06-01 

18*04 

0*88 

0*31 

— 

10*65 

0*49 

s= 

100*01 

04-44 

18 75 

0*66 

027 

— 

1.3*82 

2*40 

— sss 

100*33 

04 40 

18-91 

0-67 

0-24 

— 

13*76 

2*17 

— =. 

100*15 

64-20 

17-79 

1*73 

0-23 

— 

14*44 

1*77 

— 

100*22 


Bischof also gives formulae for calculating the relative fusibility from the chemical 
composition ; see Chern, Soe. J. 1876, i. 627 ; h8jr7, i. 446. ^ 

The Sodium Felspar of Pantellaf iU (H. Fdrstner, Jakrb,f, Min, 1877, 942). 
The greater part of the trachyt ic rooks of tho island of Pantellaria are characterised 
by the presoneVj of an unusually large amount of soda, pointing to the presence of a 
Bodiiiiii felsjyir. Two varieties of this B<xlium felspar occur, differing from each other 
crystal lograpllically and chemically ; they are — 

a. Sotfimn Felspar from Cuddia Mida . — This is found in tho vitreous lava of the 
crattjr of C’udrlia Mida in tabular crystals (through ooRoo ), exhibiting the usual twin 
forms peculiar to orthoclase. Sp. gr. 2*66. 

SiO* > re’*0" Al“0» CnO MgO Na»0 K*0 * 

60-63 0-72 19-76 0-38 0*30 7-31 4*86 = 99-96 

Sodium Felsjmr from Monte Gibcle . — Occurs in an andesitic rock in long pris- 
matic crystals, tli, tabular typo through oopoo being rare. ,Sp. gr. 2-61. 

Si O’* CiiO MkO Na*0 K“0 

03*41 3*27 20*32 2*76 0*30 7'42 2*63 = 100*01 

The two minerals differ hut slightly in composition, that from Cuddia Mida having, 
however, a higher percentage of soda. The analytical results may bo represented, 
ncxMjrding to Forstner,* by the following formulm : 

''«» ■ J5Na*APSi*'0'« " jNa*AFSi«0»* * * 

J 2K«APSi®0»« J K*AFSi«0** 

These minerals are therefore monoclinic felspars having tho composition of albite, 
and containing only a socondaW amount of the isonj^jrphous potassium compound, 
'riio existence of such orthoclases is a proof of tho dimorphism of the compound 
Na''*Ar‘'Si''0*®, whilst the dimorphism of the coirfvsponding potassium compound has 
.^boen proved by the discovery of microcline by Descloizeaux (p. 775). Groth observed 
*that tho dimd/phous modifications of potalsh felspar (potash-orthoclase and microcline) 
exhibit an extraordinary closeness in their angular measurements, and it now appears, 
from Forstner’s oxaijai nations of 4 he sodium-felspars of -Pantellaria, thiit a similar 
coiifcidcnco is observed in their angular moasurements with those of .the otbor dimor- 
phous modifications of albite. 

Trtolinlo felspars. Descloizeaux {Compt, rend. Ixxx. 364 ; Jakrb.f. Min. 


minei’al species, and not, as supposed by Tschermak and vom Rath, isomorphous 
mixtures of albite and anorthite {'Znd 610). Albite and oligo<^e are distin- 

guished from one unr)ther by the position of the planes of their optic axes. Labra^ 
doriie exhibits constant optical chfracters, and is distinguished by a strong dispersion, 
p> V, round the positive bisectrix, and cannot therefore be regaled 08 % mixture of 

* Tho formula 0, however, Tcqifires a greater percentage of potaab than of soda, vrliercaa tiie 
unaly^ia gives leas. 
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ftlbite» which has a positive bisectrix and dispersion p o', and anorthite, which has a 
similar dispersion and a negative bisectrix. Senarmont*s observations on the two 
\’arieties of ^ Kochelle salt have shown indeed that the optical properties of a mixed 
salt ape variable, and approach most near^ to those of the predominating const ituent. 
Oltgocl^ appears also to be a distinct species, the orientation, both of its positive 
and of its negative bisectrix, being constant in all cases. appears, from the 

examination of somewhat imperfect spccimonsr, to exhibit the same optical pn^Ttios 
as oligocluse. 

With regard to the chemical constitution of* those felspars, Descloizeaux draws 
attention to the view* suggested by Friedel and other chemists, that the sovenil 
specios of triciinic felspar differ from one another only in their proportions of silica, 
forming in fact a series whose common difl^n^nce is ISiO'-, thus : — Anorthite 4-RiO*=* 
Ijabradorito ; Labradorito + BiO“ — A ndesinv And os In + yiO*= Oligoclase (which will 
accordingly exhibit the oxygen-ratio 1 : 3:10, agn>eiiig with many analyses) ; and, 
linally, Oligoclast^ + SiO- “ Albite. Jkiscloizeaiix considers that the composition of tho 
triclinic felspars may be equally well represented either by this view or by the 
mixture-theory of Tscliermak, but that, the firmer accords best with the opt.ical and 
crystallographic charaef-ers of the several species. 

Petersen (JrtAr/j./, Min, 1874, 269) also regards andosin, oligochtse, and labradorite 
as distiiiA mineral species, ami not iw mixtures of nlbite and anorthilo. lie represonts 
the known species of felspar by the following formulas : 

Orthoclase, RAPSi«g*«[R = K®]. Albite, RAl®Si*0 ‘-[R Nn»|. 

.• Oligoclas^, KAl*SiK')»*[Rr- Na®, K*, Ca]. 

Hgalopfmne, RAl*SPO«[R «= K* + B#|.* An^rxin, KAr^8iH)‘'^[li = Na^ + Ca]. 

Lahraa^riin, RAr"8i'0*^*(;R « Ca, Na-). 

Vom Rath, on the other hand, is of opinion that the chemical constitut ion of tho 
t^icliuic felspars is most satisfactorily represential by the mixtiire-tliftir)r. In KUpjXirt, 
nf this view he adduces some analyses which he has recently made of plagtociasi's 
from volcanic rocks, selected with great care with regard to tiieir purity. Tho results 
are given in the following tiilde, the last. ^olumn of which shows the nrop(»rtioii i»f 
alliita and anorlhito molecules, which in iMiniorpliouK mixture would proauce a felspar 
having a composition similar to that det4Tiiiim^i by tlie aTialysis.’' Tho calculated 
composition of such a mixture is shown by tlm black ligures below. 


I l'(»t«uiPi : 

I I 

' Zi\ 


I^Mla 


MoIlH'.llIfi* of 
ulltiU^ Utlil 

nniirthite 


Antisana. Plagioclnso ci^stiil . . 

from a sphcrolithic lava . . 64*27 22*30 ( 3*12 | 2*11 

! ^ 164*112 122*62 3*62 

! Pcrlenhardt' in Transylvania, j j 

1 from Dracherifols-tmchyte . 62*18 | 23 02 ; />‘33 ■ 

. 61*9l|24*ll 5 22 

! Conejos, Rio Grande, ('olorado, [ : ^ f 

fnnn ubsidian-like aiidesittb p 61 *88iy 24*18 4*79 2 /io 

i i i • 

’ Toluca. Mexico, from andesite .1 /)9'79 i 24*43 i 7*41 0*64 

;69*79 25 69 6*97 1 

Tunguragua, Ecuador, from an- j i I ! 

desito 1 67*8 •: 2/i*76 ; 9 05 \ 

58 00 26 76 8 83: 

Pdtffia,* Canary Islands, from ' ! i 

hauyn-irachyte . . . 56*64 28*89 10*92 I O^yi 

66’4d28 4910*95 


I 7*30 5 + 2 . 

j»J>i 

! 8*97* 3 + 2'/ 
: 8*73 


» 7*24 

7-71 

6 04* 3 + 4 1 

6*92 

5*09 % + 2 

5*73 jLabrmloritcj 


Considering now tliHt these plagioclases were not freely developed in drusy 
cavities, but had separated from the ground-mass (sometimes in granules Kearccly a 
millimeter in size), that consequently the crystels cdhld not ha*|^ been j>erf<!«tly pure, 
and taking into account the numerous difficulties of the analysis, vom Rath rogarda 
tho preceding tabic as affording a very satisfiujtory confirmation of Tsehermak's con* 
elusion, dec)|iced from more than 100 careful analyses, that *the formation of p]agir>- 
claaes by the mixture of albite and anorthite subs^iicc is an established fhet, and not 
a mere mode of explanation*' , 

• Determined by lota. 

3 D 2 
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successive addition of flilica^molecules takes no account of the replacement of lime 
and soda, which is so intimately related to the variation of the amount of silica. 
This fundamental fact, the increase of^lime with decrease of silica, and the 
increase of silica with increase of soda, is, however, the very basis of Tschermak’s 
theory^ o . 

Vom Bath likewise discusses other objections which have been raised against 
Tschormak*s theory. (1.) To a suggestion of Descloizeaux, that the deviations from a 
simple ratio of the oxygen in the silica to that in the bases may be attributed to 
foreign minerals enclosed in the felspar crystals, he replies that it may be asked why 
the proportion of (CaO + Na*0) : APO* = 1^3 is not likewise disturbed by the 
presence of such imbedded minerals. In this case also the theory of Tschermak 
affords the real solution of the difficulty. • (2.) The view formerly entertained by Ch, 
Deville and others, that andesin is merely an alt^Qed oligoclase, is refuted by numerous 
analyses of well-defined specimens of andesin from various localities, (3.) Fouqu6 
has suggested that the constancy of the ratio 1 : 3 of (Na*0 + CaO) to AFO* in the 
plagioclases may he attributed to the fact that many of the analyses of supposed 
pure maU'rial have really been made on mixtures of triclinic felspars, existing together 
in the same rock in microscopic crystals, and very difficult to separate. To this vom 
Bath replies, that though such mixtures may often exist, such was not the case with 
the plagiocloses above considered — the analyses of which were made on microscopic 
crystiils of uniform aspect throughout— or on the splendid pystals obtained from 
Vesuvius. **1 

On the Optical Characters of OrthoclaSe and of Triclinic Felspars, see Des- 
cloizoftux {Compt. rend. Ixxxii. 1017 ; Ckem. Soc. J. 1876, ii. 611). 

On Twin-forfnation in Triclinic Felspars, see G. vom Rath {Jahrh, f, Min, 1876, 
089; Jahreeh J^ Chem, 1876, 1236). 

On the Constitution of Triclinic Felspars, see further Potorson {Jahrb, /. Mim 
1874, 269; Chem. Soc, J, 1874, 877). 

Vom Rath has also published the following analyses of felspars from various 
localities {Zeitschr, geol. Oes, xxvii. 295 ; Jakrb,f. Min. 1874, 310 ; Pogg, Ann. clii. 39). 

1. Felspar the aiigitic syenite of the Piano del Monzoni, The analysis loads < 
to the formula Or^Ah*Anh* 2, Orthoclase rich in sodium from the augitic syenite of 
the Pyrenees. 3. Felspar, An'’^An®Ab®, from the augitic labnidor-rock of the Piano 
del Monzoni. 4. h^clspar, from the diaUse of Moute Monzoni. The analysis is 
rofiTred to the forntdla Aii®Ab*, and the differences are attributed to the numerous 
ipicroscopic crystals ^hclosccl in the felspar. 5. Labrjulorite, An* Abb from the gabbro 
of Monte M<mzoni. . fi. Light, flesh-coloured, somcwliat decomposed anorthite, from 
the same locality on Monte Monzoni, from which are derived monticellite (y.w.) and 
its pseudomorplioses. 7. Wliite, much decomposed anorthite from the same locality. 

8. A labradorite, an analj^sis of which has been already given {2nd Suppl, 512, 
analysis g iii table), but occurring, not in porpbyrite as formerly stated, but in 
basalt. * « 

Nos. 0 to 1^ are analyses of triclinic felspars from rocks collected by Wolf in 
EcTiador. 9 is from a qmirtz-andesito from the volcano of Mojanda or Yana-Urcu, 
between Perucho and Pu6Uaro. ^In a light-reddish groudd-mass are enclosed quartz, 
a small quantity of mica, and magnetic iA oxide, togetiior with crystals of triclinic 
ftdspar measuring 5 mm. 10. From the crater of Pulnlagua. The reddish rock 
contains a small quantity of mica, together wdth tiTclinic felspar crystals measuring 
from 2 to 3 qim. : the ctivities appear contain tridymite. 11. From Guagua- 
Picljincha. The obsidian-like rock encloses small triclinic felspars, hornblende, 
olivine (?), augite, mica, and a large quantity of magnetic iron oxide, 12. This 
felspi^r has the composition of a nnrtnal andesin, to which the three preceding felspars 
may also 1^? referred. 13 is a labradorite, An*Ab^ from tJle hornebl^ude-andcc^t^ of 
Pomasqui, near Quito. * 

• Or. = orthoclnsej At>. = albite; An. = anorthite. 
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610* 

A1"0* 

* FeO 

HgO 

GaO 

K*0 

Na-O 

Total (‘) 

IiOiM by 
Iguitlon 

ep. gr. 

1. 

63*45 

19*81 

— 

— 

1*51 

12*34 

2*47 

« 99*58 

0*67 

2*636 

2. 

64 86 

18*78 

— 

— 

— 

9*23 

5*37 

- 98*24 

004 

2*649 

3. 

51*81 

30*55 

— 

0*10 

1208« 

2*63 

2*86 

= 99*82 

0*50 

2*707 

4. 

55*83 

27 57 

1*29 

— 

7*03 

3 56 

4*09 

« 99*37 

1*36 

2*690 

6. 

65*51 

28*99 

— 

— 

9*41 

2*51 

4*48 

^100*90 

0 49 

2*868 

6. 

41*18 

35*55 

— 

•> 

19*66 

\ _____ 

uudet. 

- 99*15 

2*77 

,, — 

7. 

40*17 

33*61 

— 

— 

21*56 

— 

undet. 

- 99*90 

4*66 


8. 

55 24 

28*32 

— 

— 

10*63 


5*8 1{") 

-- 100 

0*65 

2*711 

9. 

60*48 

2635 

— 

— 

7*25 

0*08 

7*28 

=- 100*44 

0*04 

2*666 

10. 

59*39 

26*08 

— 

— 

8*20 

0*22 

6*7-* 

«. 100-6A 

0*12 

2*669 

11. 

69 1 

26*1 



— 

8*8 

0*5 

6*5 

= 100 

1*01 

2*620 

12. 

69*73 

25*59 

— 

— 

6*97 

— 

7*71 

=:»100 

— 


13. 

65*86 

28*10 

— 

— 

^0*96 

— 

609(») 

« 100 

Oil 

2*644 


(') For Noh. and &«i3 Uic totolanre reckoned cxciuKivuly, fur Ntis. 6 iiud 7 iuclu^ivcsly of the 
lo.^s by icnitlon. 

(■ a. l>ctermiiit>d by diffcrcutrc. ^ 


Allilte* Crystala of albite from the Sk'hnooborg near Passuir, ait) doscrllH'd by 
J, Kumjif {Jahrfi./. A/i/i. 1874, 86<^). They are implanlod on ttiagnoiic pyrites. Iiavo 
a light to dark olive green colour, and all iigroe in having the ]>riX'eHH of th« bnichy- 
piuacoid arid of the inacrodonio very largely dovolt)ped. The sinijdeHt coinbinatiou 
18 oo j?oo . oo oo . OP; another, of frequent occurrence is oo oo . oo . OP . oo 'P. 
Optical examination sliowM that crystal h arc free from twin formation. Sp.gr, 

= 2-Gl, Analysis (1) below. • • 

Anal^sejt, (2). Albito from Kragerod (vom Uatli, Jafirft.f, Min. 1870, 689). (3). 

Pocomposed soda-felspar from I5are-hills, Maryland (LeedH, Atner,,,Cfu tnistt 1873, iv. 
164). (4). Albite from Media. Delaware County, Pennsylvania, w'it h delicate striatioii 

^nd moonstone siiimmer on the cleavage.*faccs (Leeds, SifL Am. t/.^ 31. vi. 26). (6). 

A very largo crystal (4*6 centimoters by 3*6 and l’r>) from (luatemala ; exhibiting, 
according to a closely approximate measurement, the now prismatic face col^J (A, v. 
Laaaulx, «/aAr6. /. Arm. 1876, 147). (C^ind 7). Perthito-like aggregittioim lietwoen 
albite and orthoclasc from veins in the grannlite field of Saxony (Crodnor, ^Ueht. 
yeol. (re«. xxvii. 104), Analysis by Schwarz : (6). Kochsburg, fiom pegmatite vein, 
(7). Burgstatlt. from a granite vein, 

Luhk by 


(1.) 

BiO* 

66*13 

AIK)* 

20*93 

Fc»0* 

2*24 

CaO 

0*(iJ 


11*10 


iKuitluu 

101*04 

(2) 

66*30 

20*90 

— 

0‘36 

— 

12*10 


0*35 = 

100 

(».) 

66*86 

20*30 

— 

1*41 

0*23 

10*67 

— 

0*77 - 

100*14 

(4.) 

67*70 

10*98 

truce 

1*47 

0*11 

8*86 

I*’h6 

«)*08 « 

99 56 

(6.) 

68*79 

19*34 

— 

— 

— 

9*26 

2*29 

0*32 

100 

(6.) 

64*65 

19*63 

— 

0 30 

tra<MJ 

2*06 

14*16 

la 

100*78 

(7.) 

66*88 

19*61 

— 

0*44 

— 

400 

9*95 

mm 

100*88 

In No. 6, 

the ratio of orthoclaso to albibj is 66 

: 13; 

in No 8, 27 : 17. 



Andesin. This felspar is found, accqmpanying corundifm «(p. 360) in tbo 
('ullukance mine, North ^!andina. (1). Srmw-wliito or blnish-wliito, striated ; dis- 
tinctly cleavable ; occurs with i|||pmblende,^ut free from corundum. Bp. gr, 

» 2*611. Analyst by Kouig. (2). Fine g^raine^l ; probably formed from corundum. 
Sp. gr. =2*610. Analysed by CT^tard (F. A. Gexith.jtA jiir. CAr/a. [2], ix. 49). 

The two following felspars, analysed by Petersen \ JahTb. /.* Min. 1874, 269), also 
agree with the formula of andesin. f3). Triclinic felspar from 4*10 coarse-gmitied 

• * A. a ww •*._ X _ _ fT 1 1- 2_ A.1. Ill*"— rfai_ a ? ^ ^ _ _ * 


and magnesia, 0*20 per cent, lime and 0*40 per cent, silif^, which be approxi- 
mately attributed to small quantities of tJihering titanic iron and augite. (4). 
Tabular composite crystals, several centimeters long, of triclinic felspar (formerly 
mistaken for sanidin^y occurring in the basalt of the Steinbohl, near Wetlburg ; trans- 
parent, cmourless, with vitreous lustre and oonchoidal fracture.. Bp. gr. » 2*604, 


1. 

siO* 

67*29 

no* 

Al-O* 

26*52 

Fe'O* 

0*21 

Mgro 
• 0*15 

Oe<^ 

7-80 

NaK> 

6-75 

^K*r> 

0*33 

Lo«i liy 
IgnltloQ 
1*43 


100*48 

2. 

5841 

— 

25*93 

0*36 

0*18 

5*82 

6*45 

2*10 

0*93 

= 

100*20 

3 a. 

58477 

0*28 

25*30 

0*31 

0-18 

6*90 

6*67 

0*60 

trace 

mm 

•90*01 

b. 

59*7^ 

— 

25-91 

— 

— 

6*»6 

6*83 

0*61 

— 

mm 

100 

4. 

58-88 

— 

26-94 

— 

trace 

7*96 

6-01 

0*68 

— 

- 

100-47 


For other analyees of Andeain, see table at the top of this page. 
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OUgoelane, occurs at Unionville, Pennsylvamtti in yellowish and brownish-white 
granules, enclosing corundum and another mineral, probably spinel. It seldom 
exhibits distinct cleavage, but when it does, the cleavage- faces are striated (Genth, 
J, pr. Ckem, [2], ix. 49). ^ 

^ Loss on 

BiO’ A1“0=* Fo“0» MkO CnO Na*0 K.“0 igfnition 

69-36 24 16 0^61 0 34 ^3 08 7‘22 ^ 3 78 1*96 » 100-50 

For other analyses of Oligoclase, see table (p. 771). 

Tscliermaklte. This name is^ given by v. Koboll {J, pr, Chem. [21 viii. 411), 
to a triclinic felspq^, occurring at Barale in Norway, associated with Kjernlfin. It 
is massive, cleavablo in two directions inclined at 94®, and exhibits fine striutions on 
the more distinct cloava^e-face. Lustre vitreous. Colour greyish-white. Semi- 
transparent. Exhibits white phosphorescence when heated. Fuses to a translucent 
glass. Unat tacked by acids until boiled, and then but slightly. Gives off a little 
moisture when heated. Hardness = 6. Sp. gr. ^2’64. Analysis gave — 

BlO» A1*0“ Na»0 H“0 

•66-57 16*80 800 680 2*70 = 99*87 

According to this analysis the magnesia appears to bo an essential constituent. 
On the other hand, G. W. Hawes (/Sill. Am. J. [2], vii. 479) has analysed the same 
mineral, and finds in it only a small amount of magnesia. His analysis, 

on 

SiO" APO’ Fe“0’ MgO CaO Na'O X»0 ^ Ignition 

6604 20*33 0*20 I'll 1'29 iVoi 0*21 0-96 100*23 

gives the oxygon-ratio HO ; : SiO®5=»l : 5*8 : 10, which is approximately that 

of oUgocbiso (I : Q : 9). 

Kabrador^te. A Tninoml from a Greenland rock, analysed by Janovsky (Deut. 
Chem. Qcs. Bct. lM73, 146), was found to contain *. 

Loss by 

SIO> APO" Fo’O' CaO MgO Na"0 K»0 ignition 

67*63 24*32 3*92 7*66 0*68 2-41 4*03 0 12 = 100*76 

This gives the oxygon- ratio HO : H^O* : SiO®?s 1:3:7, which is that of labradorito; 
but the ratio of K : Na is 2 .* 1, whereas in labradorite it is 1 : 1. 

Labradorito from the rock called laenUe (q.v.) h/is been analysed by G. Bertels 
(Jahresb. /. Chem, 1874, 1253) with the following results : A. Analysis. B. Calcu- 
lated values for albiK-^ : anorthite “1:4. 

Ai“0* Fo-O” CaO MgO Na“0 

A. 63*61 29*37 tmee 12*78 1*54 3*10 = 100-30 

B. 61*2 3i-3 — 13*6 — 3*7 = 99*8 

On the other hand, the sp. gr. of the mineral, which is 2*668 at 4®, indicates rather 
tlie proportion albito : amorthite - 2 : 1. 

With regard to this analysis, Tschermak remarks (t7aAr5./. Min, 1875, 313 ; Mhu 
Mittheilunyen, \87lb, that, the crystalline forms of the plagioclases imbedded in 
trachytes and andesites can seldom be made out in the fresh rock, on account of their 
intimate union with the ground-mass, but that the p^eudomorphs produced by 
weathering may often be easily separated ^d used for studying the forms. Ho has 
applied such psoudomorphous substances ro the inf estimation of the forms of the 
labradorite of Verospntak in Transylvania. The m^roscopical examination of these 
pseudomorphs showed the presence of a mineral in their scales and laminee resembling 
kaolin, but not identical with it, also potash-*iica in considerable quantity, a smaller 
quantify of plagioclaso (undecomposed labradorito), quartz, a mineral occurring in 
veins which proved to be peuiiine, and finally%rown iron ore, 

The*foUowing is an alftalysis (A) b)r L. Sipocz, of the pseudomorphous moss com- 
pared with t^at of the unaltered labradorite (B). . 


A. 

SiO* 

A1"0^ 

Fe>(F 

CaO 

MgO 

Na*0 

K*0 

H«0 


66-96 

31*34 

lie 

0*65 

1*73 

0-18 

496 

5*41 

= 101*39 

B. 

65*21 

28-56 

1*00 

10*76 

0-53 

4*37 

— t 

— 

= 100*43 


Supposing the pOtash-mica to have the formula 2K*0.3A1*0* 6SiO*.2H^O, the 
composition of the aluminium silicate ^11 be Ar*0*.4SiO*+ H*0, which is that of 
pyrophyllite, and the 'mixture will consist of 44*76 per c^nt. pyrophyllite, 42*24 
potash-mica, 4*61 penniuo, 4*77 undecomposed labradorite, 3-12 quartz, and 1*36 
browii iron ore. * 

A plagioclase, occurring in an andesite-lava from a great lava-streanF between 
Kiobamba and the Tnngm'agua in Ecuador, h.is been analysed by G. vom 'Rath (Pogg. 
Ann, ErgdiUungshand, vi. 378). The felspar crystals, 4 mm. long and 1 mm. thi^. 
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gronnd-matiB, together with hornblende and (Inoly 
divided magnetic iron oxide. Augito and olivine are altogether absent. The analytical 
uumbHra (mean of two aniilysea) are given under A ; the cailculatiMi values, uccordinff 
to the formula An*Ab, under B. 


RiO> Al'O' Pe*0* 
55‘64 28*19 1*02 

56*43 28*49 — 


CaO K«0 

9*79 0 19 063 

UO-35 — . — 


Niv*0 Rp. fgr, 

6 48, * 100-94 *i*604 

673 « 100 


The felspar is therefore a labradonte contrary to the usual assumption that the 
tnclinic folsptir in andesites consists of oligoclas#. 

Ajiortliite^ CaAPSi^O*. This mineral occurs us a const itijjent of Uic oukriiu 
of Hammorfost in Norway (Descloizt'«aux. Zn(^v*fir. iffoL Gett. xxvii, 466, 965). 

On Anorthite from tlio Pesmeda Alp, Tyrol, see p. 91 of tiiis volume. 

HUoroollae* This mineral species, 62%^ distinguishod by Ilreithaupt (iii. 1014), 
includes a number of pot^issium fi^pars poor in sodium. Its separate identity has 
In^en confirmed on optical grounds by Dcscloizeaux {ZHiachr. /7C0/. (res. xxvii, 460, 
966; Ann. Chim. Phi/a. [6), ix. 433), who refers to it a numlxT of amnxon-stonos, 
the rod felspar of Arendal, several w-hitc and green felsjwrs frv)m Greenland, also 
chostcrlite ; whereas the opalosccnt folspir of Prctlcriksvarn (Hi't^ithaupi’s original 
microcliiie), and the green felspar of Bodeiimais are orl ho<?laso«. Porthito is regarded 
by Descloiseaux as a inixlum of dilTereiit varieties of orthcclasc, not of orthcclnsi- 
and albite. 

The purest microti. >0 is that from Magnet Cove, Arkansas, whereas most miciv.)- 
dines— including all the amazuurltoutjs and a number of other folspiirs hithortii 
mistaken for orthoelases are uiixtu^«i%f miensdine with orthoclase and albite, tho 
admixture of the latter often amounting to a fourth of the entire muss. The chanu*' 
terisation of a felspar as micr«»dino can bo effected only by optical examination, as 
^tho magnitudes of the angles of the crystjds arc docof>live!y near those of urUiodaae, 
Tho colouring principle of annizou-stuups is not a copper-coin}>ound,%K it disappears 011 
heating. 

Tho three following microclines, the sodium of which is regarded by Doscloi/.oaux 
as entirely due to adniixud albite, have bpem analysed by F. Pisani : (1). F'rom Miigiiot 
Cove: purest microcliiio, (2). Amazon"Stotie from Mursinsk, containing only a sniiill 
amount of enclosed albito. (3). Mineral Hill, Peansylvania : light 'grooii, with broad 
lamina* of albite : 


BIO* 

Al’O* 

rc'O* 

K-O 

64-30 

19 70 

0-74 

15*60 

65*66 

20-30 

— 

13-90 

64 90 

2092 

0-28 

10-96 
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N»»0 

iKnltlon . 

8p. irr. 

0-48 

0 36 « TOM 7 

2-64 

1*66 

— -■**101-41 

2-676 

3*96 

0-20 =-• JOl-20 

2-67 


These analyses scorn to indiuite that the specific gravity of a miemeUno incrcasos 
with its proportion of scxla. Hescioiseaux, however, lias shown l>y tho exatnina' 
tion of numerous microclincs, that no such relation exists. This may ho B^ea from tho 
follow ing examples : ^ • 

1. Green microcline from the Unil. 2. KosC'Coloured from Hroyo,B5p. Sa6no-et-Iiniro. 
3, Rod from Arendal. 4 and 6. Axmizon^stonos from the Untl. 0. Greon microcline 
from the United States, t. White from Brazil. 8. Kose-colourud from Greenland: 

6 0 7 8 

Amount of sfdium . l*ek» 2 10 3*26 1 27 1*66 Very rich in Na»0 

Specific gravity . . 2*64 2*648 2*643 2'6rt 2-662 * 2*66 2*669 2 67 

Tho theory of fermeotution and the nTtture and origin of 
ferments Hav^ Utely been made the silbject of numerous rosoarchos, but the *tcsu 1U 
obtained by dififerent experimenters are in many cases very diBcoidaut. According to 
Bffefetd {Deni, Chem, Ges. Ber, vii. 281), yeast requires for its growth and propagation 
the presence of free oxygen, and excites fermentation when* it is excludM thor^ifront; 
bat placed under conditions otherwise favourable to its growth. Gonscsquontly the 
free oxygen contaij^jd in liquids in which yeast grows is soon absorbolb and then 
fermentation seto in. «ho two phenomena of growth and propagation without fermenta- 
tion, and^ fermentation without growth and propigation, can be easily separa.ted. If all 
oxygen is excluded, yeast, before it dies, dc^compascs an enormous amount of sugar 
and produces pure carbon dioxide.^ In brcjwcrs’ wort tho* two reactions proceed 
simultanefiusly — fermentation where no free oxygen exists in tho liquid, and growth 
of yeast where oxygen is present. A, Mayer ( ihi4, 679) agrees in the main with Brofeld*s 
oouclnsidn^ but thinks that no satisfactory proof has been given of tho alwolute 
inability of breathing and growing yeast-cells fo induce fermentation. M. Tranbe 
872) also finds that fresh yeast is produced in the absence of <reo oxygen 
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even in ihrmentMe L’quifla w'hicli mpidly develop yeast when exposed to the air. 
Ready-formed yeast can, however, grow in the absence of free oxygen, but in this 
case the oxygen required for its growth appears to be derived, not from sugar, but 
from albuminoid substances, since unaltored sugar was found in the liquid after the 
yeast had ceased to grow. When oxygen excluded, yeast can induce fermentation 
in pure sugar-solution^, but in this case the yeast does not increase. In connection 
with these results, Traube has further ^observed (tind. vii. 115) that platinum blacky 
which has a great tendency to promote oxidation, acts upon sugar in aqueous solution 
at 160^-160° in the same manner as yeast, with evolution of carbon dioxide and 
formation of a volatile product smelling like acetic ether. Experiments leading to 
conclusions opposed to those of Brefeld have been made by J. Moritz {ifnd, 156, 434 ; 
Chem^ Soc. Jour. 1874, 699) ; see also F. Mohr (2?er. vii. 1421). According to 
Pasteur, also (Compt. rend. Ixxx. 452), the yeast-germs produced by alcoholic fer> 
menUition can develop themselves in the aBsence of free oxygen, the fermentation under 
these conditions going on to its complete termina^on. He thinks that Brefeld cannot 
have worked with young yoast, and that the yeast with which Traube experimented 
must have been impure. 

On the theory of Alcoholic Fermentation, see also H. Karsten (Arch. Pharm. [3], 
vii. 65; Jahresb.f. Chem. 1875, 892). 

Warthd (Beat, Chem. Gee. Ber. vii. 1421) finds that in alcoholic fermentation tlie 
quantity of alcohol increases during the first hours, while that of sugar diminishes, 
the temperaturo quickly rising to 33°, and the cells of the ferment rapidly increasing, 
but afterwards diminishing and gradually disappearing. During tliis time, the quantity 
of alcohol remains stationary, but at th(t same considerable quantities of sugar 
are used up for the formation of yeast-cells. v 

Pasteur (Comjit. rend. Ixxviii. 213) has prepared a fermentable liquid by dissolving 
the purest sugar-vandy in water with jiddition of a little yeast-ash, an ammonium 
salt and a scarcely wcighablo quantity of pure ye^ist. In this liquid a considerable 
quantity of yoasl! was formed, which must have <lerived its nitrogen, phosphorus, an<f' 
sulphur from the mineral substances present, while the sugar disappeared completely 
without undergoing any fermentation other than alcohol. This result shows that the 
nutrition and vital processes of the yeast ar« intimately related to the progress of the 
alcoholic fermentation. According to A. Tr^cul {Compt. rend. Ixxviii. 217), this 
experiment docs^hot disprove either the spontaneous formation of yeast, or its con- 
version into Penidlliuin. 

Alcoholic Fermentation by Mucor racemoAZis. — This fungus grows in a solution of 
milk-sugar without producing fermentation or inverting the sugar ; but if the sugar 
be inverted by an acifi, the fungus acts as ferment. Mucor racemoaus also doea not 
prfKluce fermentation in a solution of inulin, but readily in levuloso prepared from it. 

When Mucor racemmsus is added to must containing varioua proportions of glucose, 
fermentation easily sets in at 26'’-30°, but ceases as soon as 2*5 per cent, of alcohol is 
formed, whereas the action of Mucor Mucedo ceases when the liquid contains 0*6 per 
cent. (A, Chem. Gea.Ber. ix. 1352). 

Fermentation Glycerbiy Mannitey Starch, and Dextriny under the influence of 
SchUomycetes (Bitz, ibid, ix. 1348 ; x. 276 ; xi. 42). — Redtenbacher found that when 
a mixture of glycerin, water, and yeast ferments, it yieldtf acetic and propionic acids ; 
and Bertholot obtained alcohol 1^ fermenting a solution, of glycerin with chalk and 
casein. Fitz has obtaineri quite different results by using a mixture of 2000 water, 
100 glycerin, 1 potaMium phosphate, 0*5 magnesium sulphate, 2 German pepsin, and 
20 chalk, to which a trace of 'a schizomyces (p, 782) was lidded. At a temperature 
of 40° the liquidmoon begins to ferment, carbbn dioxide and hydrogen being given off, 
and tke fermentation is completed in ten day^. The solution then contains normal 
butyl alcohol and normal butyric acid, besides a little ethyl alcohol, and a 
higher «acid, probably cAproic. 100 parts of glycerin yielded 7*7 puro^ butyl .alcQ^ol 
and 12 ‘3 anlcydrous calcivm butyrate. * 

• Glycerin . — When schizomycetes are sown in a fermentable liquid containing a 
large proportion (say 1 0 per cent.) of glycerin, rapid formentAt|^on sets in after a day 
or two and ceases in about fourteen days, thotigh much of the glycerin still remains 
uudocomposed. The' mycelium of the fungus has then entirely disappeared the sedi- 
ment containing only inactive spooes. If now the liquid be decanted and distilled to 
remove the butyl alcbhol formed in the fernieutation, and poured back upon Uie 
sediment, the spores vegetate and multiply afresh, and rapid fermentation again sets 
in. ^Hence it is expedient to employ solutions conUiiiiing not more than about 3 per 
cent, of glvcerin. Fermentation being over, the liquid is to be decanted*' from the 
sediment, tne butyl alcohol distillAl the residue, after cooling, retifmcd to the 
sediment, femd a^ut 3 per cent, of glycerin added, with enough water to make up the 
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ori^nal 'folmae. The accumulatioti of ealcium butyrate and caproute which tliue 
tal^ place does not aifect the schisomycetes. 

Ammonium sulphate or phosphate may be substituted for pepsin in the fermenUible 
liquid with good results. A liquid contaix^g 150 parts of glycerin, 1*6 of )>utassiam 
phosphate, 07 of magnesium sulphate, 6 of ummouiuni sulphate, and 30 of cidcium 
carbonate, in 3000 pts. of water, was rapidly brouglit into feriaontutiou by lut iulini- 
tesimal quantity of schizomy^stes, the aicohoV thereby formed being chiefly normal 
butyl alcohol. ** 

The yield of crude alcohols in the ex|HwimeAs just described was al>out 14 per 
cent, of the glycerin employed, a very small portion only boiling at a lower tempera- 
ture than butyl alcohol. Other products of the fermentation of glyi^oriu were caproic, 
butyric, and probiibly lactic acids, and a volatile base not yet exaiuinod. 

Mannitc . — A 5 pc^^nt. solution of maun^ conuiining either pepsin or ammonium 
sulphate yielded by fermentation with schiscomycete.M, iionnal butyl alcohol and ethyl 
alcohol, together with butyric, caprolfc. acetic, succinic, and lactic acids. 

Starch . — A trace of schizoinyces intruductHl into a liquid conijwsod of 100 parts of 
starch, 0*1 of potassium phosphate, 0*02 of luagnesiuiii sulphate, 1*0 of animunium 
phosphate, 40 of chalk, and 3,000 of water, sot up fermcnlation in twenty-four liours. 
The products wore a little alcohol, chiefly el hylic, ;h> }H*r ciiit. butyric and 0 pur cent, 
acetic aclti, with a small quantity of succinic acid. 

IHxtrin yielded more, alcohol than staivh. 

Milk'ftagar is readily nuule to I’cniieut by Kchizoiiiyces (but not by sacchamniyci^s, 
as formerly 1>clieved). ^'ielding, iiiuoiigsL other products, about 3 per cent, alcohol, 
chiefly ethyl ic. • ^ ^ 

Dulcite yields a litth* alcohol, much volatile ^leid (chiefly butyric) and a trace of 
DOD-Yolatile acid. ^ 

QuerciU yields normal butyric acid only. 

• Btstyric Varmentation.— Baudrimont {^Campt. rmd. Ixxx. 12»1fl) 'haH obscrviul 
the occurrence of spontaneous butyric fermentation in a sulutioti of crystalline cane- 
sugar. From the gelatinous mivss formed in the liquid after twenty-four liours, alcohol 
Hcparated a nitrogenous ferment conUiiniiii^ 0 5 per cent, ash and 5*5 nitrogcui. 

In the neutral volatile products of the lactic und butyric fermentation of glucose, 
and in the sour waters of stitreh fact<»nVM, Houchardat (Oi/wjJ/. rri:d. Ixxviii. 1146) 
found ethyl alcohol, normal propyl alcohol, and laity I nlcoliol, but no pseudo-propyl 
alcohol, the* oxidation-products not containing licctono. 

Butyric Fermentation in Watrr-pfan(h \ — From observations #i',y J. Boehm {Dent. 
Chemn Ges. Ber. viit. 634), it appears that land-plants, and mar^f marsh-plants, when 
immersed in water firoo from air, undergo a spontaneous butyric fermentation ; true 
water-plants, under the same circuinstanc<*H, giv<» r>ff marsh-j^is, the evolution of 
which is often prec4Mled by liutyric ferine iit at ion ; but if tin- plants be previously boiled 
with water, no evolution of raarsli-gas takes place, aiul the oi^eurreiico of butyric fer- 
mentation is retard^. If, however, the satue plants, after being boiled^aMl WHshod 
with water in an open vessel, they will afterwards give off rnarsli-gtui ^heii immorhotl 
in yyater. The liquid remaining after the butyric fermentat ion contains free Ammonia, 
and the plants themselves undergo partial and gradual carb<>nisa1.ion (conversion into 
peat). In accordance w ith •there fticts, Boehm ascribes evolution of marsh-gas 
from decayed vegetables to a procqi^s of f«a!pfBnlatiou,%nd rc^presents the decomposition 
of the cellulose by the equat ion : 

-f H*0 - 3CO» -I- 5€H«. 

Butyric Fermentation induced by Etodm r«wa</ewAM.— The fermentation of a st^gar- 
juice in which f^gs of Elodca canadensis wern iinmorstd, yieldinl butyric acid and 
ethyl butyrate, with evolution of carbon dioxide iftid hydrogens Tlie fermented juice 
also^ntained *lcohol-yeast (SchaUenberger, Compt. rend. Ixxx. 328, 497)^ 

Cellwloaic Vermentatton. — This name is applied bV £. Duriii ( rend. 
Ixxxiii. 128) to a peculiar fermentation which ho observod in beet-juice, resulting in the 
formation of a white hi^.*d sulistaDce ; the same effect was also pro'^ucod in a solution 
of beet-moliipses by the Jbtion of the organisms deposited from tnq juice of beet. The 
white eubstanoe thus formed exhibited the characters of cellulose, being iii*->dnble in 
boiling dilnte potash, soluble in an ammoniaml solufion of cupyte oxide (SchweizeFs 
reagent, L 820) converted by dilute sulphuric acid into dextrin and sugar, and by 
nitric acid into oxalic acid. 

The mother-liquor separated from the oelluloie deposit<td, on addition of alcohol, 
a white amflr^ious caoutchouc- like sulwtance, agre^ng with cellulose in composition, 
bnt swelling up in water, and differing from cellulose in its other physical tmiperties. 
One or the other of these bodies is formed in great«:st abundance, according to the 
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circumstauces of the reaction. They are formed only from saccharose, not from 
glucose or mannite or any other kind of sugar, and their formation has nothing to do 
with mucous or viscous fermentation. 

On adding some of the cellulose himpc to a solution of pure cane-sugar, a new and 
abundant crop of them was obtained, and the remaining solution was found to contain 
not only traces of saccharose and of the gummy cellulose, but considerable quantities 
of levulose. ^ ^ 

The process of cellulosic fermentation may be represented by the equation 
C12H220II » C«H*®Os + C®H*20* 
f Saccbarose CcUulose Glucose 

<■ 

No gas is evolved when the action goes on in this way ; but if the liquid is acid, carbon . t 
dioxide is given off, and a considerable quantity of acetic qmd is formed. Calcium 
carbonate favours the transformation, fferst by keeping the liquid neutral, and secondly, 
by a special reaction. Barium carbonate, magnesium carbonate, calcium chloride, 
ammonium salts and nitrates, retard it ; the two latter also induce the formation of 
mould. 

The ferment which induces the cellulosic fermentation is nearly related to dia^ij^e. 

A recently prepared solution of diastase acted indeed on a solution of sugar the . 
sumo manner as the cellulose clots, excepting that it led to the production, Itot of these 
clots, but of the body precipitable by alcohol. A similar but weaker action is esLerted 
by the albuminoids of urine. * 

The formation of cellulose from saccharose likewise takes ^lace under the influence 
of certain fatty bgikIs, like those of rape oi^col^a.^ Durin considers that the formation 
of cellulose in living plants is effected in Ako manner by the action of ferinents on 
succharuse, and experiments made on sugar-canes, muize-plants, and St.VJohn*B bread 
(fruit of CeraioHia ailiqua)^ have established beyond doubt that the for^tioh of wood 
is attended ^wjth a decrease in the amount of cane-sugar, and an increase in that^of 
fruit-sugar {Compt, r&nd, Ixxxii. 1078). 

Vlaooua or Mtuooua l*eniieiitatton. — Baudrimont {ibid, Ixxx. 1253) observed 
the occuiTonce of a spontaneous viscous fermonUition in a solution of crystallised cane- 
sugar. From the gummy mass produced hfter twenty-four hours, alcohol separated a 
ferment containing 0*5 per cent, ash and 5^*5 nitrogen. ' * 

On Viscous Fermentation, see also Commaille (dVonit, scieni, [3]i 485, 673, 772). 

Permentatlon of Fruita. — From experiments by liechartier a. Bellamy 
{Compt. rend. Ix^jx, 949, 1006), on the Ihrmentation of cherries, gooseberries, figs, 
lemons, cherry an^ gooseberpr loaves, chestnuts, and barley, also of turnips and 
potatoes, it appears that the life in the cells does not co^ with the separation of tbo 
fruit, seed, or leaf fiKini the plants, but continues, if the air be excluded, with decom^- 
sition of sugar and production of alcohol and carbon dioxide. As soon as the evolu- 
tion of carbon dioxide ceases, the life within the cell becomes completely extinct. 
Fruits, seeds, and leaves may cojitinuo in this sluggish condition for an indefinite 
time, providejl that no ferment is developed within them. 

l^cl] artier tr. Bellamy have also examined the action of antiseptic tdxic 

vapours on the fermentation of fruits. Green apples weighing about 49 gnms Were 
placed in tlasks containing severally phenol, Ciimphor, and a piece of potassium 
cyanide. As a means of comparison, on^lHsk was a^ taken, containing t)ie apple 
with atmospheric air oniy. This latter apple gave oflf; in forty-nfne days, 404 ce. of 
gas, and from that time till the end of the experiipent, viz., seven months, it leemained ^ 
completely inert. Under ftio influence of phenol and hydrocyanic acid, no gaa was 
evolved in thotU>urse of oighty-threo days, <>ut in the case of the apple sunoim^^ 
camphor- vapour, 16 c.c. w'ere given off. Jt would, therefore, appeac; that the a^oa 
of camphor-vapour is less energe^c, and diminishes, without completely destiuying, 
the vitality of the cell& {Comptes rendusy Ixxxiv. 1035). ' ^ 

Sirailac results havp been obtained by U. Gayon {ibid. 1036), wtto alao flitA that 
other and chloroform act in the same way as phenol, while carbon suJpl^de aeems to 
act in tho same way as camphor. ^ 

Pasteur reaef. IxxxiiL 173) observes that tho stalks of gra|^ eha^es, 

strawberries, and , gooseberries, are covered with yeast-^bnns to a 
extent than the berries themselves, which are sometimes quite Hlfi Win. 

Unripe fruits, and finite grown^n glass houses, are quite, free from yeaeMraniB; so 
likewise are grapes preserved by the actioif of water-vapour. After a time 

with reference to tbe$>c statements * Pftstcar iCompL rend. Ixxxlil. 17fi) otaSteveetb lilllMl )ic 
disoovereil two ferments which Induce viscous formentAtJon ; one of which, o rnw ris Hiftiy * iC l ie fn e of 
small granules, induced the formation of imuuiite and carbon dioxide together with a vlMto|i|te4y ; 
wliiJo the vthcr, which was made up of irregular cells of the size of those of b ie r yew it , fonaigMiiy 
tho viscous mass. Tho latter would pndiaWv excite the i’pIIuIosic fermentation desCliliod by DimU. 



FERMENTS, DNORGAiriSE|;>. 779 

tile gorms die. The air of Paris was found to coiibiiu the samo geroie, but for the 
most part only in summer. The observed species were Saccharomijfces S. e//ips., 

S.ai PtSf and Mi/codemia vini or etrevi.isitf, 

L. Kremy 180) observes tliat wel^wnshed cherries in good condition* kept 
in an atmosphere of hydrogen or carbon dioxiilo* remain hard* and for the most piirt 
do not crack, but appear opai|uu iutemally, and cimtain ycast-i slls oven close to the 
kecneL At the same time, caabou dioxido and alcohol are abundantly funuud aud 
the cherries lose their sw«*et tafste. Ij'remv regarils tlu'se offoots as confirmatory of his 
theory of intracellular formentatiou, Pasteur, on itho contrary (ihitf. 182), finds that 
these appearances take place in fruits only w'hcn they are injured, and consequently 
' the yeast-germs on the surface are carrioil into the inside of the finiit/ The same view 
Ay. is Uiken by Dumas {ibid. 852), and cimllrmiyl by tJie experiments of Joubort a. 
Ohamberland {ibid. 354) on cherries, gooseberrjies, and plums kept in carbon dioxide 
over mere ary. Those observers suggest that during the washing of the fruits and 
their introduction into flasks in Fsimy’s experiments, the skins may have been 
iiyured* and a way thereby opcntHl for the penetration of the yeast-gtsrms. 

Watare and Origin of rerments. Forments are of two kinds; 
chemical or unorganised, such as diastase, emnlsin* myrosiii* the ferment of thc^ 
pancreas* ^e,; and physiological or organised, such as ymist, inycixlorms, 
micaroiyi n eB* bacteria, &c. A mode of distinguisliing between the two is anorded by 
the adion of chloroform, which kills the latter, but «Ioe8 not produce any alteration in 
the format. Thus chloroform arrests the fermentation i>f sugar* but does not interftsre 
with the action of emulsffi on amygdalin (A. Muntz, Ajin. Chim, Phys, [5], v. 428). 

Vnorgmaiaad farmenta may be o:itfk'jft'ted i'roin the vegetable and animal organs 
in which they occur by means of ylycerin : in ibis manner diastasH may bo extriu'ted 
from genninatibig wheat and biirley. tmiulHiu from swret almonds, auTl animal sugar- 
forming ferment from the glands which pnsiiiee it, ^fhe fresh glands |U'e,coinminiiUHi 
as^ttickly as possible, freed from bltxxl by washing with water, then uritHl in the air, 
finely pulverised, and the p^jwder, after being sifted t hrough fine gauze, is well triturated 
with glycerin. The ferment may bo precipitated from tho glycorin-solntion by 
alcohol, and obtained* by repeated solution «li id procipitalion* in the form of a pounder 
•almost entirely ftee from albuminoids, and very effective in converting starch into 
eugar (v. Wittioh, Jl pr. Chem, [2], ii. 129). 

Tlio ferment of the pancreas may also bo prepared by extraction with 
glycerin and precipitation with alcohol. le is a snow-white powder, exhibiting no 
trace of oiganisaUcdf in fact, perfectly amorphous ; it cunttiins sulf nur siid nitrogen, 
and leavee, when burnt* a residue containing sodium and mafiosi urn phosphates. 
It rapidly conveiU boiled starch into sugar at ordinary temperaturos, FUK:kH 
of fibrin, J’oiled or raw, are gradually attacked by it at .30®, and in the end are 
completely digested. On leaving a few granules of it for i% night iit 4U ' in contact 
with water and a few drops of olivc-oil, the mixture afier agiUition sliowe<l a decided 
acid reaction. Tho pulverulent prepanition is not hygroscopic, and does not lose 
weight eVhn after prolonged hcatiug at 100®; neither (ioos it uiso itsse<h.ivity at that 
temperature. In its chemical behaviour it exhibits the closest rosetnblaneo to albumin 
precipitated by alcohol, differing from it indeed only in its Ciipability of nHlissolriiig 
in distilled water. Tho Cfwigmation of its solution ip water or glycerin by Ishling 
is attend^ with the loss, iHjthtif it« pow'cr ff digesting fibrin,, nnfl of its diastatic and 
.^fat-decomposing action. This coagulation is the cfniHecjuenco of tlic resolution of tho 
ferment into tw<o bodies, one of which romains in solution, while •tho other is pre- 
cipitated (G, Hiifner, •/. pr. Chem, [2j, v. 3J2). 

The (ielivaiy n^nds, the lungs, and putrefying chi;ese, when treatotfas above with 
glye^ra and alco%)], 3 rield substances whici iHgest fibrin as readily as the pancrei.H- 
fanxiRit, and likewise act like diastase. A compatiHon of tho analyses of the fermonts 
obtained ^wni tlm pancreas, salivary glands and lungs, and from chcoso, al^ of th<v„ 
of emnli^ imedrding to Buckland Bull (ii, 480), with tho ai£ilys4.'s of egg-albumin* 
loada to the lltfhience that all ferments ijwlaUnl according to the more exact methods 
now in ine* diffor essent^illy in composition from the albuminoids ; and their higher 
t bf ocygen renderaiit probable that they are produced chiefly by oxidation of 
i loe. cU.) 

— tMinilEy^th which the pancreas ferment acts on fibrin does not depend on 
the fffiiMiHilii ^ either gaseous or gbsorlxid, and the evolution of combustible 

gases wtilf which it IS more or less attend^, is not trj be attributed solely to deficiency 
ofoxwni, Wh^tiie fibrin-decomposing ferment of Gie pancreas acts alone, and^n 
the aMMKdf nil Organisms ^palde of exciting ^trefaction, no combustible imees 
are bnloi^ earlK>n dioxide ; and the devel^rment of this last is enrirely 

indsflwlept of Gie activity of tho ferment, Wiig the result of a process of dkidation 
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which goes on in its absence. The occurrence of combustible gases is probably due 
to the action of microscopic organisms (bacteria) (Hiifner, J, pr, Chem. [2], x. 1 ; 
xi. 43). 

J. Munk {Chem. Centr. 1876, 622) ro^^urds the ferments obtained ^om saliva, and 
from the pancreas, as different from that of the muscles, stomach, and intestines, 
inasmuch as the aoilion of the former is strongly developed in acid and alkaline 
liquids within certain degrees of acrdity and allmliirty, whereas that of the latter 
is apparent only in neutral liquids. * 

The following observations oneli ver- ferment, and on the action of albuminous 
substances on glycogen, have been made by Seegen a. Kratschmer {Tfinger's Archiv. 
f, Physiologie, XiV. 693) : 

(1.) The albuminous tissues of the animal body as well as other albuminous sul> 
stances which are soluble either partly or entirely in water, when left in contact, 
for a longer or shorter -time with glycogen, exert a saccharifying action. By boiling 
the aqueous solution of the albuminous bodies, Uhe diastatic action is momentarily ar> 
rested, but appears again after the space of two or throe days. The minutest quanti- 
ties of soluble albumin are sufficient to exert this sugar>forming action. 

(2.) The action of these albuminous bodies on glycogen is qualitatively identical 
with that of saliva and of pancreas-extract. There is, however, considerable difference 
both in the quantity and also in the rapidity of the action. The time Required is 
longer, and the sugar formed by the action of albuminous bodies is much smaller in 
quantity than in t he case of saliva or the pancreatic extract. The formation of sugar 
in a boiled liver is to bo referred to the diaFl^atic action the albuminous tissue 
contained therein ; whereas, in fresh liver, it is highly probable that, as in 

saliva and the pincreatic juice, a diastatic ffenent is present in large quantity. 

(3.) No mejthod is known at present by which liver-ferment can be isolated. By 
all methods hitherto employed, glycogen is first extracted, and tliis contiiins, mixed 
with it, a di.Ls^atic element. 

(4.) Jn a pure solution of glycogen in glycerin, ftirments are inactive. The forma- 
tion of sugar occurs immediately when water is added to the mixture. 

Ferment of Urine, — Musculus {De^tf. Chvm. Gee, Ber. ix. 1362) has found in 
tile urine of persons ulFocted with oatJiFrh of the bladder, a ferment which is pro^ 
cipitatod by Uicohol as a cuaguhtin resembling fibrin. After drying at a compara- 
tively low temperature, it dissolves in water and is precipitated from the solution by 
alcohol and acetic acid, but not by sodium chlorulo. With mercury nitrate it forms 
a precipitate wh'tT.h becomes reddish on boiling. The iiquoous solution mixed with 
uroa and heated t? 36®-40® decomposes the urea completely, with formation of 
ammonium ciirbonalo. The ferment, however, does not possess this decomposing 
power if it has boon precipitated by acetic acid, or heated to 80®; ami the same eflfect 
is produced by hydrochloric acid dilutwl to ono-thousandth, also by sulphuric, tartaric, 
acetic, salicylic and other acids, but not by phenol. Dilute alkalis siul socliiim 
chloride h^yo no eflToct. Hydrochloric acid of one-thousandth likewise destroys the 
fermentativi ^tiou of diastase; whereas, that of the pancreatic juice ana of the saliva 
is not affocte(ri»y hydrochloric acid of any degree of concentration below 1 in 100. 
Acetamide and oxamido treated with this ferment give off only traces of ammonia ; 
liippuric and uric acids, creatine and guanidine are c<.nnplotcly decomixised by it, but 
only after several days. ^ j 

Ifee~ferment. — The head, thorax, and a1>domen of working bees contain ferments 
soluble in glycotin, which completely invert cane-sugar and convert starcli into 
dextrin mid sngar. The su-callod l>ec>bri^d, and the t>ollcn of firs and pines, also 
contain a ferment which inverts cane-sugar. 

Plant~/er meats. — The cleqp aqueous and glycerin- extracts of malt, beet, 
car. ots, and yeast, yield, when treated with ether, protoplasmic formations of hyaline 
structure, some of which (from malt and yeast) act as ferments. Th6se bodies exist in 
the extracts, not in solution, but in a tumefied gummy condition, and the ether when 
shaken up with the liquid, mechanically carries the protoplasmic bodies upwards in 
the form of a jelly resembling frog-spawn, which may be fret)d ftorn the greater port 
of tile ether by agitation. On washing the remaining tfiass with wuter, and then 
adding strong alcohol, the P||;re substance separates in the form of a floccolent 
precipitate, which may be dried under the air-pump (Zulkowaky a. Konig, J* pr. 
Chem, [2], xi. 43). 

V etch - seeds contain a ferment which converts starch into sugi^ and albnminoids 
into peptones. It may bo extracted by glyi'erin from the seeds previoutly exhausted 
with alcohol, precipitated from 'the g^lycertn-soliitioii by a mixture ‘of alcohol and 
ether, alid purified by ri^peated solution in glycerin, and precipitation with alcohol 
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and ether. ^ The ferment contains nitrogen and sulphur, is soluble in water, as well 
as in glycerin, and leaves when burned a oonsidorame quantity of ash (v. Gorup- 
Besanez, ileuf. Ckem. Ges, Ber, vii. 143, 569). 

Hemp'Seed and linseod tireated asabave likewise yield a diastatie and peptone- 
forming ferment (H. Will, i5td. vilL 1510). 

The buds and young leases of trees yield, according to Xoaman {Compt. rend'. 
Ixxxi. 406), ferments which convert saeeharost' into glucose, starch into doitriif and 
glucose, and resolve digitalin into glucose and digitalireiin. This ferment lias been 
obtained from the buds of Ulmus campesiris, Popm%t9 nigra t Quercm pfduuculata and 
Corylus avellana ; from the flowers of Comtt^ mnguinta and Pru^u* tpinosa ; and 
from the young loaves of Chelid-onium mqjus and Digitalis purpurta* 

Organised l*srmsnts. The question as to the spontaneous generation of 
orgHDiHed ferments in organic liquids, has latmy given rise to constdorable discussion. 
According to C. H. Bastian {Proc.Miog. 3cxv. 149), bacteria are fontn^l in 
normal urine having an acid reaction and free from spores, after it has been heated fo 
50^; also in the same urine when it is neutralised with poUish after being heated ; 
or when, after previous heating to 50® or even 100®, it is subjeettni, in Uie neutralised 
state, to the action of electrolytic oxygen. In all cases the formation of bacteria wjis 
very considerable, even after 7 to 12 hours. Tyndall, on the oUier hand {iltul. xxiv. 
171), fluds that air enclosotl in a box, the inner surface of whicli is carefully coated 
with glycerin and left for several davs, so that all part icles of dust, and with them all 
organic perms, may hav^ settled t(» tlu» bottom, is incapable under any circumstances 
of inducing putrefaction, rither in vigotabjp or in animal fluids, such as urine. The 
same is the case with Altered air, and iXth air which hue hoen {wssed through a rml- 
hot tube. He further observes that the alkaline nature of a liquid never promotes 
the formation of germs. These negative r<‘HultH were ohlinneii whenitho liquids wore 
enclosed in flasks from which the air hod been expelled by Ixuling. Tyndall further 
points out the numerous sources of orn>r to whicli siicli experiments are liable, and 
the extreme difficulty of c«mplot<'ly preventing the access of orgnniswl germs to the 
liquids. Ho finds, moreover, that putrefaction Uikes pl.'ice in various ways and with 
different degrees of rapidity even in liquiifi* of exactly similar constitiit am exposed 
to ordinary air under exactly similar circumstances, and explains tlys result by the 
assumption that the germs are diffused through the air in cloud-Iiko swarms of 
various densities, the individual germs being sometimes fresh and moist, sometimes 
either dead or dry, so that they are either 411611. or act with diminished energy. 

Piisteur nlsw> ( Cbffipf. rend. Ixxxiii. 176) disMeiits from llaHtiaffs cone bis tons. Ho 
directs attention to the gretit improbability of the Nnp{>osition t W7it a brsly like pt^/bish 
can act as a generator of living organisms, and ftoints out, as pn^vioiisly shown by 
Pouchet {ihid. Ixiii. 131), tliat organic germs, though killed wfn ii heated to 1(10® in 
acid liquids, are not destroyed when heatoil to the same temperaturo in neutral or 
alkaline liquids, a temperature, of ilo® being requirwl bi kill them in that cose. 
Bastian, on the other hand {Und. Ixxxiii. 562), states that a moderately acid urine, 
which, according U> Pasteur, should have boon fn-ed fi^mi organic nurlns by heating 
to 100®, was found to oontaib them when left to c<sd and Hii]>sft<piontly heate<l to 50®, 
and that a number of organiq liquids, in wliich no formation of organisms bsik phicu 
at 25®, were found to contain them after being heatspl to 50®. 'i'yrnhdl, on the con- 
trary (ibid. 364), sa^'H that ht? haf<*nover blin able to detect the foniriti(*n of organisms 
in urine by heating to 50®. See fu^her, Tyndall {Pnx*. Hog, xxv. 457* 503, 569); 
Burdon Sanderson {ihid, xxvi. 322, 416); Tyndall (tVytrf. 228, 353. *487). 

According to J. JDuval Ipcvvii. 1027. and Ixxix. 116Q) tho air never 

conbiins reaily-j|fi^nie<i ferraents, but only their germs, such as the spores of fnnj^i or 
cells of the lower algae, which in certain lAnlia d/.JVeIop into ferments, whose nature is 
determined by the constitution of the mwlia tbenfselvcs, so thdt one ferment niaf bo 
oonv6rte& into%iioth«r by a particular alteration of the mcMiium. ^ 

Cim Organisms con/intts to livr in the complctr absence of Oxygen ? — The folhjwing 
experiments bearii^ on this question liavo been m/ido by (1. Uafner {J, pr. Ghent, [2 \, * 
xiii. 475). A number iif flasks containing water and a small quantity of fibrin wore 
emptied ofmir by prolonged boiling, then sealed, and a quimtity qf putrefying liquid 
contained in a side-tube fused into each of the flasks was miulo to flow into it. All 
the flasks were found to he quite free from air, and after standing for a Ibrtiiiglit at 
30®, the liquid in them still contained Jhimerous living bacteria. The gas evolved in 
them consulted of hydrogen and carbon dioxide, in one case 42*66 and 57*34 per cent, 
respectively, in another 22'28 and 77*72 per cent* « 

Bacteria tn Pnlrefed Blood. — V. Fells {Compti^^rtnd. Ixxxiv. 353) found that 1 c.c. 
of imtrefled blood containing bacteria when mixed with 5 c.c. of water and injected 
into the veins of a rabbit, killed it in three to seven days. After coagulation by 
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exposure to a temperature of SO^, it iras still full of bacteria, and proved fatal to a 
rabbit in eight days. But when the putrefied serum was exposed to a temperature of 
160'* in a sealed tube for four hours, the blood became innocuous. There were then 
no living organisms visible under the mic^scope. 

Bacteria in Plants, — According to Tr4cul {ibid, Ixxx. 95), bacteria may be developed 
in the interior of comf-act vegetable tissue. 

BacteiHdin 8tdphuretted W'aiera.-^J, B. Sehnetzleifl[j/f«». Chim, Phya, [6], vii. 281) 
found living bacteria and Other organisms in the deposit from a natural w-ater con- 
taining hydrogen sulphide ; and C^n {Dingl, yol, J, ccxxii. 399) found them, together 
with algae, in th^ peach-blossom-coloured organisms which live on decaying plants in 
waters containing sulphates. 

Formation of Ammonia and Nitrites by Bacteria, — Meusel {Ann, Ch, Phys, [5], vii. 
287) observed that water containing ntlric acid, and originally free from ammonia 
and nitrites, contained these compounds after l>^ng aubjoctod to the action of bacteria. 
The reduction of the nitric acid by those orgrtnisms was prevented by the presence of 
pluinol, salicylic acid, benzoic acid, alum, and concentrated solution of common salt ; 
but took place with remarkable intensity in otherwise pure water containing only 
nitrates and bacteria, when carbohydrates w'cre likewise present, and scarcely percep- 
tibly on addition of organic acids. Water freshly distilled and mixed with augar was 
not found to reduce nitrates when the air was excluded from it. From these observa- 
tions it; appears that bacteria promote oxidation by acting as carriers of oxygen. 

Decompositions effected by the Bacteria of the Pancreas, — Acx extended series of ex- 
periments by Jeannorot {J. pr. Chem, [2], xv. 353")JiaB led to the following conclusions : 
1. The decomposition of gelatin, albumin, hnti other nitrogenous compounds, and of 
carbohydrates, by these organisms, may take place without access of air, but it then 
proceeds much ftiore slowly tlian when air is present. 2, The more simple chemical 
compounds p^ruduced by the decomposition are the same, whether , air is present or 
absent. Tyrosine was formed from albumin after twenty-nine days* action, m 
absence of air, and leucine from gedatin after eleven days’ action. These substances 
wore not found after the same lapse of time, when the decomposition proceeded in 
presence of air. 3. The gases produced in the decomposition of gelatin are almost 
wholly absorbed by caustic potash. 4. The amount of carbon dioxide produced i^ 
the <lecompositr6n of albumin and gelatin increases from day to day, as the action 
proceeds. 5. The pancreas bacteria are produced, and continue to exist, in absence 
of air ; but for their complete activity nitrogen compounds must be present. 

This name is applied by B^champ to extremely minute living 
organisms, whicli aiv capable of developing into bacteria, and, on the other hand, 
may be formed from,, the latter. Beer-yeast introduced into starch was found to dis- 
appear and give rise to the formation of microzymes ; and, according to B6cliamp, 
any animal cell whatever may be transformed into microzymes. As molecular 
organised primary cells, those organisms may be detected in the liver, in egg-yolk, 
and in the ^mneroas. They aro capable of exciting fermentation and putrefaction 
{Compt, rcnd,^\xM‘^> 494, 1027, 1369; Ixxxi. 226); see also Gayon Ixxx. 674, 
1(196). Bechamp a. Kstor {ibid. Ixxvi. 1143) have observed the mutual conversion of 
microzymes and bacteria to take place in the alimentJir^ panal of a dog. 

According to Bichainp («'6iii.flxxvi. 1414) the gelatinous precipitate called glairin 
or haregin (i. 600) deposited from the balphur-sp rings of Molitz in the Pyrenees 
consists of a collection of microzyinos enveloped in a transparent substance. Like all 
microzymes, those ef glairin *arG capable of converting sugar into alcohol and acetic 
acid, and of developing into bacteria, . 

^ckisomycctes or Split f ungi.— These names are applied by Fitz {Dent, 
Chem, Ges. Ber. xi. 46) to certain species of the lower fungi, which multiply by division, 
the cell lengthening and forming a transverse division iu •the middle, and the two 
new cells fonuwl multiplying themselves iu the same manner. Moj^t of those fungi 
can live and multiply only in presence of oxygon, and these (called by Pasteur 
A'^obies) burn the carbon-compounds of the nutritive liquid in which they live, to 
carbonic acid and water. Those, on the other hand, which aje capable of exciting 
feiinontation (I’asteur’s Ana'erobUs) can live and multiply complete ^absence of 
oxygen, and it is exactly this absoiico of oxygen which makes them act as ferments. 
In presence of oxygop Lhcy act Viko those of the first division, and give rise to the 
combustion of j^iitrbon compounds, but when oxygen is present, they decompose the 
fcmioutablo flifibaftance. To this latter division belong the ferment-organisms which 
exude fermentuiion in calcium lactate and tartrate, glycerin, &c. « 

The formtuit-organisms of the glycerin-fermentation belong to a genus called Vibrio 
by Pasteur, Bucillus by Cohn. The most convenient source of them is fresh cow- 
dung; they appear to bo most active at a temperature of 37®-40®. Two species are 
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distinguiBb^d, the broker, called BuiyUhadlluSt being appepnily that which in the 
fermentation of gWcerin gives rise to the formation of butyl alcohol* while the narrower 
species {^BaciUus gives rise to ethyl alcohol (p. 776)* The forinentatiou of 

starch by means of Bacillus subtUis affords an excellent method of obtmning butyric 
acid. Fitz's paper above cited gives full Setails of the methods of cultivating these 
fungi, and of their microscopical aspects. 

Yeast. Preparatum of Iture Yeast free from Bacteria . — When ordinary bocr- 
yeast is added to a filtered decoction of yctist to which sugar-candy and alcohol have 
been added, the products of the action thereby wet up vary with the proportions of 
the ingredients, more especially with the proportion of alcohol. A decoction of 40 
gr}\ms of yeast in 200 c,c. of water, made up to 1 litre with water holding in solution 
100 grams of sugar-candy (Pasteur's liquid), undergoes alcoholic fermentation almost 
completely on addition of a small quantity ^ yeast. But if the proportion of sugar 
be reduced to one-half, the lurmatiun of yeiist-cells goes on with difficulty, whilst 
l>acteria develop rapidly, and in a f^w days the liquid becomes putrid. The devoloJ>- 
ment of bacteria and of all other diseasii- ferments, us well as of Afyeoder//ta vitii, is, 
however, considerably retarded by a small quantity of altxihol (2’8 per cent.), aii<l 
entirely prevented by a larger quantity (5*6 per cent.) Tho development of yeast is 
also rctartltvi by alcohol, but still goi's on in solutions <Mnita!uing 8 *2 per cent. Pure 
yetist may therefore be developeti in appropriate solutions containing from 5*6 to 8 2 
per cent, alcohol. With this proportion of alcohol, however, the temperature must 
not exceed 16°; at about 25°, even 1 0*6 per cent, is not sufficient to prevent com- 
pletely the formation df bacteria : Uut yeast grown at low^er temtv*nitures can after- 
wards increase, without any conta1hiiiati||n from Itacteria, in nutritive solutions free 
from alcohol, even at 35°. The propagation of yeast in a solution rich in albumin at 
about 30°, affords, therefore, tho best criterion of it-s perfect frocdoqi from bjuderia - 
a point not easy to determine by mieroNcopical examination (Tmulw, Brut. Cfunt. 
dres. Ber. ix. 183* 1239). • - 

OrmposUion of Yeast. — .Schutzonl)crger (Compf. rend. Ixxviii. 493 ; BtfU. Boc. Chfm, 
[2], xxi. 204) by boiling fresh yeast containing 29-30 per cent, of dry sulmlancu 
with water, obtiiined an insohiMo I'cetidut^ amounting only to 20-21*5 per cent. ; and 
when the saime yeast, after washing with cold wuter, was suspendiKi in water and left, 
in it for twelve to fifteen hours at 3t'>°-40‘', it gave up to lK.>iling n^tor 17 to 18 j>or 
cent, of its substance, tho insoluble residue, when dried at 100°, amounting to 12’5- 
13 per cent. During the digestion, a sl^w and regular evolufion of rarlum dioxide 
took place, attributable to alc<jhoIic fermentation of the sugar Ij^med in the process; 
when this action ceased, tho yeiist did not exhibit tho least 8igii||if putrefactive altera- 
tion, The extract contained: 1. A considerable quantity f>rph os p hates, 2. A 
large quantity of g u m (ambin), convertible by nit ric acid into m^cic acicL 3. Leucine 
and tyrosine, to tho former of which a sulphurctUd compound obstinately adliered. 
4. Carniue, xanthine, guanine, hypoxaiithine, and sarcine. When these 
substances have been removed, there remains a sweetish, u u (* ry stall i sable syrup still 
containing nitrogen. The aqueous decoction of fresh yeast contains the samo sub- 
stances as that of the dige.sted ycyiht. 

According to B^hamp {Compf. rend. Ixxviii. 045), yeast in a pasty statue kept for 
forty-eight hours at 25°-3(F liocomes completely liauufied, ami if it be then thrown 
upon a filter, more Uian bal^ iu.w'cdght ipU filter Hirough. A similar result bikes 
place at tho ordinary temponiiurc, bui more slowly. Thb liquid product contains 
alcohol and acetic acid, but no f^preciablo trjicc of bjtityric acyi ; leucine, tyrosine, 
gummy matter, &c., are also present, as when y&ist is allriwid to exiiaust itself in 
presence of ^ater. "Veast which has bedb usisl for one or two fermcmtiitifiiiH does not 
liquefy sponfairtBOusly, at least at ordinary tempc-niturcs, even when kept in oentact 
with the air for six months. Fn sh yesist conbiisis neither ty^sino nor leucine, those 
being pxduct^ formed by a special function of the cellule. ' . 

Aoeording to Belohoubeck (jakresh. f. Chrtn. 1875, 898), * press-yjnst ' always 
contains from 3 to 12 per coni, sturcb, which is added to it before pressing ; ali^^ 
the fungi, Saccharomy^es cerevi^ut and 6'. Mycoderma aoeti and Oidium taetis, 

together with bacU^tm^ Amongst the chemical constituents are : albumin, gluten, 
the nitrogenous constituent of the protoplasm, cidlubsie, amylum, dextrin, ethyl 
alcohol ; lactic, carbonic, phos|>horic, sulphuric, silicic acids ; potash, so^ lime, 
magnesia, manganous oxide, and ferric oxide. 

J. W. Gunning {Deut. Chem. Ges, Ber. v. 821) finds that yeast msey bo deprived of 
its fermenting power by exhaustion with glycerin. The filtrate does not contain any 
cells recognisable by tnc microscope, ana does not reduce Fehling'a solution,* but 
quickly converte saccharrm* into glucose. I1i€Nexhmiisted yeast-cclU are* without 
action, not only upon a solution of ciinc-sugar, but also on a solution of gkioose, and 
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do not recoyar^bhSr^c^ylef^ta^tic a Uttle of the ferment-solution is 

added to them«: G^djjfiqig obeerFes that Pasteur’s liquid conbiining cane- 

sugar, ammonium yeast-ash (p. 776), doM not of itself possess the power 

of nourishingj’easb-ceSilr, but bocom#i nut^tive to them in presence of albumin or of 
ferments. 

Bugair^inverting coH^itumt of Yeast, In vert in , — Donath {l>euU Chem. Ges, Ber. 
viii. 795) obtains this substance by tAiiating yeast acc(frding to Zuikowsky a. Konig’s 
method (p. 780). The,yeast, after being almost completely exhausted with absolute 
alcohol, and dried at the ordinaiy temperature to a brittle mass, is finely pulveriscnf, 
and thoroughly li^xiviated with water at ordinary temperature ; the opalescent filtrate 
is shaken up with ether, and the frogspawn-like mass, after washing with water, is 
dropped into alcohol and left to dry under the air-pump. It is thus obtained in tlic 
form of a powder, a very small quantify of which is sufficient to bring about the 
Inversion of cane-sugar at ordinary temperatures in ten to fifteen minutes. Donatli 
is of opinion that it cannot be regarded as an allmmiDOUS substance. 

Brescrvalio-n of Yeast,- — Jeverson a. Boldt (fiingl. ^oL J. ccviii, 467) preserve yeast 
by washing it carefully, pressing out the water, drying the press-cake in a vacimni 
in presence of hygroscopic substanoes, and finally in a stream of gas, and hermetically 
sealing the dried powder in glasses or boxes. Yeast thus treated keeps Ibr many 
months, and when required for use maybe rubbed up with water at 20°-30® to a thin 
paste which will act like fresh yeast. 

Jkntlferments or Antloeptlos. D^mas founc^ that borax prevents 
the action of yeast-water upon sugar, ot syuaptase on amygilalin, and of myrosin on 
myronic acid {^Znd HwppL 517). According to Petit, on the other hand {Compt. rend, 
Ixxv. 881), it merely retards the action of yeast upon sugar; and, according to S. Darby 
i^Pharm, J. Trans. [3], iii, 742), it only slightly retards the formation of volatile 
mustard-oil ifi a mixture of black mustard seed and water, or of benzaldehydo in A 
mixture of bitter almonds and water. According to J. B. Schnetzler, on the other 
hand {Pnd, v. 846), borax destroys the activity of bodies which excite fermentation 
and putrefaction ; it also kills infusoria ai^d the protoplasm of the vegetable cell. 
ScIinotzl(!r also reports, on the authority of Rolx>ttom, that the carcase of a horse i 
which had lain f .-r four moutlis at a temperature of 45° in a Californian soil ricli in 
liorax, was found completely preserved and free from odour. A similar fact i.s 
mentioned by B^doin (Cbwjo^. read-. Ixxxii. 1169, 1189) with regard to the flesh of 
an ox, and the blooi.’^,pf a horse uftected witSi glanders. 

Huillot {litdl. Soc. Ckhn. [2], xxv. 346) recommends for the preservation of moat, 
the use of catcium borate^ BHJ^Ca, which, itcconling to his observations, is rasolvod, in 
et»ntact with the moav, into free boric acid, which prevents the formation of mildew, 
and a more basic salt w'hich prevents the putrefaction. Pree boric tLcid does not act 
antisoptically ; the crystalline compounds of hy<lmted calcium borate with glucose or 
S!iccharo.se decolorise the nieat, but do not prevent the formation of mildew. 

According Laujorrois (Compt, rend, Ixxxiii. b^^), potassium dichromate acts as 
an antiseptic. • 

According to Petit {Campt. rend. Ixxv. 881), a solution of 50 grams of cane-sugar 
in 1 litnj of W'ator mixed with yojist in the proportion of »')’5 grni. to 10 c.c. of liquid 
ferments .slowly but regularly vfiieu mixe<J^jpnth 1 per \;imt. ferrous sulphate ; with 
1 per cent, cupric sulphtite the felVnoutatioii bogius, but soon ceases ; 1 per cent. 
pho.-^phorHs. ami small quantities of turpefitiuc-oil, 7n istard-jlour^ tartaric and sulphuric 
aculs^ and ertosofe pnxhico no** retardation ; 1 per cent, arsenhus avid retards the fer- 
mentation, wliio’i, however, goes on regularly; ^ per cent, oualic acid producc.s 
considerable retardation ; I per cent, acetic appears to rettird fermentation 
to a greater degree than the mineral acids. Sulphites do not retord fermentation, but 
are themselves convxrt^ into sulphates during its progress. Mercuric oxide, 
to be the wost jiowerful of all antiseptics, and next to it mercuric chloride; 0*6 per 
cent, of mercuric oxide is sufficient to put an immediate stop to fermentation in active 
progress. Accordingto Bucholtz, an aqueous solution of mercuric chloride, containing 
1 pt. of the StJt in 20,000 of water, exerts ah antiseptic actionj^ual to that of aqueous 
salicylic acid conttiiubig 1 pt. in 666, or of aquodus alcohol containing 1 ptfin 60. 

Formic acid, oven in extremely small quantity, prevents fermentation, but its 
salts do not (Zi^ler, ^ahresb. /. them. 1 874, 953). 

S. Bidwell (Fharm. J. 7'rans. [3], vi, 746) has compared the preservative properties 
of phenol, chloral hgdrate. salicglic acid, and benzoic acid on meat kept under water, 
and^luds that, for equal quantities, bensoic acid is tim most elficicioas ; fotiher, that 
salicylic Ucid acts better when mixtd with hydrochloric acid than when alone. 

On the dutist pile Action of Stilicglic Acid, see farther Bsxsoic acids (oxy-)(p. 280). 



7%ymol has been need with good effoct u gMMl 

de la iMrajaeutique, 1868) in the boB|ntaU of Pnri% inatoadU^fl^ emelli w 

carbolic acid. Ita antiseptic power has been <M>mpand earWie wcid 

(phenol) bjr Peschechonoii^ (imss. Zettodir. Pk ii nu adi. 50^ who , dads that thymol 
retards the action of saliva on starch* and much more that of pepsin on 

albumin. Its influence on both those digestive flui^ancrdkses with the i^aantity 
added, and is slightly superj^ to that of phenbi * 

On the Poriflcation of Putrid Waters by the Boots of Living Plants, see Jeannel 
Chim, Phys, [61, v. 671). 

On the Preservation of Fruit, and the Action of Antiseptic and Toxic Vapours on 
Fruit Fermentation, see p. 778. 


Vaour. The roots of the male fern CLoMtrea FUix eunr, Atpidiuifa Filix mas), 
gathered near Wolmar, in April, July, and October 1874, have been analysed by 
Kruse Phurtn. [3], ix. 24), with the following results : 


I>rled at 100». 

Moisture in the air-drit>d root 
Ash of roots dried at 100® . . . . 

Aqueouj^ extract (dry) ..... 
Alcoholic extract, after extraction with water 

Kthereal extract 

Fotroloum spirit extrq^t .... 

Amylum .... . • . 

Tannic acid, by prwipitation with cdp^rl 
acetate . > 

Tannic acid, by precipitation with load acetate 

Filix-red . ^ 

X}vkm and albumin 


April 

July 

167 

13*4 

2*2 

2 5 

8d*4 

264 

27*3 

26*1 

10*8 

12*4 

9-3 

8*4 

28*2 

22*7 

4 6 

6-9 

9*2 

9*8 

6*2 

6*9 

6*6 

2*3 


Ootober 
13*6 per cent, 
26 „ 

36*8 „ 

396 

11*6 „ 

9*1 

16*4 „ 

69 „ 

• 11*7 M 

:: 


nnuto- and nOUtZ-OYAiriOBS. See Ctakidrs (pp. 6U>616). 
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-coon 


(Tiemann a. Hagai, 


Deni, Chem, Oca, Ber. ix. 62). This scld may be prep/ired synthetically by digesting 

ycoii . 

sodium-vani llin, C*H*^OCH*, with excess of acetic anh;^ds|tie and fused sodium 
xONu % 

acetate for four or five hours in an oil-bath at 160^-100®, with reflux con- 
denser. treating the product with water, and dissolving the vilcid residue in other. 
The ethereal solution, freed ftom simuluineously formed aceto-vaniilin by agi- 
tation with acid sodium sulphite, loaves on evaporation, vanilliD-coumariu, 
yCVL—Qlt * 

C‘*H*0* « C*H*(OCH*)^ , which may bo puriflfMl by wu^i? g with alcohol 


and frequent crystallisation from glacial acetic acul. This compound, boiled with 
alcoholic potash, is convened by addition of into ferulic acid, which may be 
isolated by the usual mctho4s. • ^ 

Ferulic acid thus obtained dissolves easily in alcohol and ether, sparingly in cold, 
easily in hot wrster, and may b^porrfled by crystalliiration from tno latter. It is 
identical with ferulic aeid prepared from asafeetida, and both the natural and the 
synthetically formed acid melt at 168®-f69®t not at 163®-*! 64®, as <^mmonly stated. 

nMUOr. See PnoTXiDS. ^ ^ *m 


Cramer assigned to this substance the formula (Isf 

Suppl. 1024). Sebiitzenberger a. Bourgeois {Coinpt, rend, Hixxt. |l01),*1^rom a study 
of the products obtained by l>oiHng it with baiyta-water, have deflucwi a more com* 
plex formula, and ref^resent the decomposition by the following equation : 

• + 14H*0 « 0 6C*H*0< + CH<0» 

Fibroin. Oxalic ackl. Oarbonlo 

. • ^ackl- 

+ 0-6C*H‘O* # 3NH» 

Acetic acid. MixUm of 


£. DurrareU {Bull. Soc. Chim. [2], xix. by treating fibroin with* sulphuric 

acid, has obtain^ a compound of Uie two bodies, the composition of whjeh has not 
however been determined 

Ml 8up, 8 E 
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nsSO^XTS. This mineral occurs as a pseudomoi^h after oorandum at 
JUjocml Hill, Delaware County, PennsylTanfa. The following analjses are bjr Henth 
(iSi//. Arn. J, [2], ix. 77). I and 2 nearly pure 3 quite puw : 

* . * Loss bjr 


flio* 

Al^O* 


MnO 

HgrO 

CaO 

ignition. 

Sp. gr. 

37-76 

60-27 

0-98 

— 

0-18 

0-44 

0-73 = 100-36 

3-286. 

37-62 

60-91 

0-94 

— a 

0-24 


0-62=^100-73 

— 

37-37 

60-62* 

0-90 

0-10 

0*25 

0-38 

0-48 = 100 



» Det^iinod by difference. 
See FBBir (p. 785). 


On the Action of Glass on Fire>olays at high temperatures, see 
CiAT (p. 521). , 

On the Analysis of Fire-clays, see S. Kem {Chemical News, xxxy. 203 ; Chem, Soc, 
J. 1877, ii. 366). Ci 

nS29TXfr. This name was given by Chevreul to the yellow colouring matter 
of Fiset-wood (the hearts wood, separated from bark and alburnum, of a species of 
sumach {Bkus ooiinus). This yellow dye-stuff, which crystallises in needles, was 
regarded by Bolley {BvlL 8oc. Chim, [21, ii. 479) as identical with quercetin, 

According to Koch, however {Deut, Cnem, Gee. Ber, v. 286), hsetin, when carefully 
purified from a red colouring matter which likewise exists in the wood, gives by analysis 
numbers agreeing nearly with the formula which is confirmed by the com- 

position of its acotyl-dorivative, C“H®(C*H*0)*(>*^ According to this result, fisetin 
differs fipom quorcotic acid, (v. 8)f Ky containing 1 atom of oxygen less. 

When fused with an alkali it yields a small quantity of white needles, which give the 
characteristic reactions of quercotic acid. 


FXBBBW^ r- Several liquids occurring in the bodies of fishes and crustaceans, 
have been examined by Kabutoau a. Papillon {Comvt. rend. Ixxvii. 136). The peri- 
toneal fluid of rays, torpedoes, and sharks was found to contain a very small quantity 
of a peculiar albuminous body, together with considerable quantities of methylamino 
and urea. The strongly acia gastric juice cf the ray yields hydrochloric acid wdien 
distilled, and contains bromine in the form Of a metallic bromide. 

On the Blood of the Sea-spider^ of Crabs, and of the see p. 386. 

On the Bespiration of Fishes, see Rkspiratiok. 

IMn^nosity of F'lame. — Frankland’s experiments on the luminosity of 
flames burning undv high pressures (Is^ SnppL 486) have been related and ex- 
tended by L. Caillotet {Compt. rend. Ixxx. 487 ; Ann. Chim. Phys. [6], vi. 429), who 
observed that the flames of candles, sulphur, potassium, and carbon bisulphide, but not 
of phosphorus, burned in gradually compressed air with continually increasing inten- 
sity of illumination up to pressures of 30 to 36 at. The chemical intensity of the 
light also ap^ared to increase with the pressure, judging fix>m its increased activity 
on phosphoroffse^t substances. According to V. Wartha {J. pr. Che-m. [2], ziv. 84 ; 
Chem. Soo. J. 1876, ii. 376), stearin candles burning in air under a pressure of 1*96 
at., lose from 13 to 17 '4 per cent, less than when burning under ordinary pressure. 
At the higher pressure caiidleis burn with a dull yelldwish-red smoky flame, fully 
twice as long as that of t)ie same candles C irning ir the open air. Gandies burning 
at a constant pressure of 90 mm. give a large clear non-luminous flame, consisting of 
an inner bluisn-green cone Bu,rrounded by a violet stratum, the whole being enclosed 
by a very faint violet mantle. It is wori^y of note, that observations on the burning 
of candles unddr reduced atmospheric presidires were made by Boyle ; in his account 
of bib early experiments on the vacuum, heuninutely dmribes the appearance of the 
flame as seen under diminished pw'essure in the receiver bf his * new pneumatical 
engineV The non-luminosity of the flame under low preSssures, was supposed by 
Frankland "to be due to \:ho increased mobility of the oxygen molecules in the rarefied 
^ air, in consequence of which they were able to penetrate more freely into the interior 
of the flame. According to Wartha, the dififeronces in the illnminating power of the 
flames of candles and of other combustibles under varyii^ prraures, are to be attri- 
buted to the eflPect of the pressure on the dissociation-point of the burning* substanccN. 
Pissodiation occurs at a lower tesjnpcrature under a high than under a low pressure. 
Hence, when candles 'are burned in air unde^ very high pressure, the dissociation of 
the hydrocarbons takes place more rapidly than the pro&cts can be burned, and the 
flame becomes smoky ; under reduced pressure the reverse is the case. 

It in well known tl^t even a compimtively small admixture of air greatly impairs 
the illuminating pow»r of coal-gas.' SilUmann and H. Wurts (dVtt. [2], xlviii. 

40 ; JaArM. 1869, 1184) have made a series of observations on this pmnt with the 
gas of the Manhattan Co. (New York) with the following results : 
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Sp. gr. of coal gas 
Sp. gr. after ad- > 

0*401 

0409 

0*392 

0*401 

0*387 

0*387 

0 387 

0*387 

0*408 

0*401 

mixture of air . > 

0*405 

0 4!^ 

0*419 

0433 

0*467 

*490 

*625 

0 5515 

Air in 100 pts. of i 
coal-gas . . ) 

1*06 

315 

1*60 

1 61 

1*61 

1*61 

1*61 

1*12 

1*61 

Air in 100 pts.v 

t 









after addition of [ 

3*01 

4*97 

3*76 

4*61 

6*64 

18*32 

17*79 

31-88 

36-29 

air . . .1 




m 






Volume of added > 
air . , . t 

Illominatiog ^ 

105 

1-82 

2 25 

3 00 

4*96 

U 71 

16 16 

20*76 

84*68 

power of ooal-[ 
gas . . J 

1512 

14*67 

14*71 

44*81 

14*81 

14*81 

14 81 

15*09 

14*11 

Illuminating \ 


4 








power after ad- [ 
dition of air . ' 

14*20 

13*27 

12*96 

I 

12*40 

11*28 

8*67 

6*29 

4*00 

2*18 

Loss in illuminatr i 
ing j[x>wor. . 1 

Percentage loss 

0*92 

1 40. 

1*75 

2 3 *2 

3*53 

0 14 

8 52 

1! 00 

11*03 

608 

9‘54 

11*82 

16*69 

23*83 

41‘46 

57 63 

72*90 

84 55 

liatio of loss to 




1 






the per cent, 
volume of air ’ 

► 6 70 

5*24^ 

6*26 

5 23 

4*83 

3 54 

356 

3 50 

3*42 

1 

and gas . 

Logs in illuminate 


m 

0 s 







iog power for 1 
per cent, added 

0*723 

0*511 

0*582 

0*656 

0*601 

0*419 

0678 

0 377 

0*380 

air . . • . 











The burner employed -wah a?i argaiKl. Aiidimin and 13^ranl have made aiiutlar 
obsen'ationa with a batswin^ bunier ; im this caae the efTeot of the atldiitcm of air was 
more marked. 

It ha« been ahown that a ooal-gaa flame burning in air Wotnei non-luminonH by 
provioua admixture with nitrogen, hydrochloric licid, and carlion dioxide (Knapp); 
carbon monoxide, hydrogen (Blochmann^ ; or oven steam (»Sitndow). Thi mo obsenrationM 
clearly indicate that the decrease in luminosity cjinnot be asoi^owl wdely to the more 
eneigotic oxidation of the carl>on contained in the flame. ek 

Wil>el has also shown {iMuf. Ges. Bar. viii. 22fl) that when any* such mix- 

ture is strongly heated before it undergoes combustion, it a^in Is'conH^s luminous; 
hence ho supposes that the abi»<irption of heat arising from the admixture of the 
chemically indifferent gas, is the main cause of decrease in luminosity. 

These observations hare l>een critically examined, and thoir boariT^ on the theory 
of the luminosity of hydrr>carlxm flames discuBsed by H«unianiw^>02r6i^s Annnlm, 
clxxxi. 129; clxxxii. 1 ; clxxxiii. 102; clxxxiv. 206). lleumanD has proved that, 
the luminosity in Wiljors experiment is actually due. to the added heat, and not to 
any remote amsc. such a^n alteration in the relive proportion of coal gas an<l in- 
different gas, or in the chi*mical naturosif the gas on heating. Btill it. does not follow 
that the non-luminous Bunsen flame has a lower tempemturo than that of an ordinary 
gi\s-flame. The admixture of a^ inflammable gas having a py^ometric effect scarcely 
less than that of the coal gas, as, for sample, carbon monoxide, esmsm the flame of 
the eoal-f^ to become non4uminous. Hence it would seem that fbe mere dilution of 
the burning "^as plays an important fhrt, and may of itself, independently^ of any 
absorption of heat, a diminished lumiiiasity. Heuiqann concludes that there 

are at least* three causes capable of decreasing the luminosity of flames; '«ds.'wlth- 
drawal of heat, dilution, and oxidatioii of the luminous material. In liiost eases, two 
at least of these causes are conoemed ; m^the flame of the Bunsen Lamp all three ase 
at work. 

If the flame of awandle, or of coal-gas be closely examined, it will be seen that 
the one does not touch the rim of tho burner, nor the other *thn wick (BSocbnmmi, 
lAebig^t Annalan^ clxriii. 345). The iniermediatg space ^ the case of enal-gas may 
be increased by mixihk it with an^indiflhrent gas, as nitevigen or carbon dioxi<^. 
These phenomena are due to the cooling effect of the irtdk or the burner. Wheneyet 
a cold ofajeec touches a flame, a diyiding tpace^similar to that uotioed between flMe 
and hmanr, is obserred, in sice depe^eni on the coldness of the o^ect, or^te fcsedfle 
bestv and the dilution of the burning, gas. tfaidc mstaUiewire brouf^iinto a 
flame dflnted with cartioti dioxide, eamuMi a dear space around itself, wMeh iiiorsnsfis 
with the pr opoft i op of the indiflhrwit gas. The minting gas l o wer s the flame tam- 
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perature, by diffusing the heat needed to mMntain a given quantity in 

a state of combustion throughout a greatly increased volume of gM, if jtemper- 
ature of the flamo is already low, the furthet decrease resulting the inieoduction 
of the cold object suffices to cool a compare^veljr large extent of gas below^e igni- 
tion-point, and hence to extinguish the dame in the cooled space. 

If the gas issues under great pressure, the space between the flame and burner is 
considerably enlarged, often to a di£ banco of severat ^decimeters. According to 
Benevides (Ann. Chim. Phya. [4], viii. 358), this cold dark space is due to the 
mechanical action of the issuing gasf in consequence of which the ail? is driven aside 
from the orifice of ^the burner, and prevented from mixing with the gas in sufficient 
quantity to render the mixture combustible. A flame brought near to the dark space 
is carried along by the gas stream. On bringing a wire into the flame and moving it 
into the dark space, the flame follows thel<(rire towards the burner, but on withdraw- 
ing the wire, the flame returns to its original position, The production of this dark 
space is, however, to be traced rather to the cooling action of the gas and air-stream, 
and to the circumstance that the velocity of the gas stream in the neighbourhood of 
the burner is greater than the rate of propagation of ignition within the gaseous 
mixture. 

lleumann has also investigated the effect of the material of the burner on the 
illuminating power of a coal-gJis flame, and finds, contrary to the conclusion of the 
Board of Trade Commission, that a notable diminution of light intensity is caused by 
the employment of metiillic burners ns compared with those of steatite ; ho has also 
shown that by cousiderably raising the tomperaCure of the issuing gas and of the 
burner, a marked increase in luminosity is ‘effected, duo to the earlier separation of 
carbon piirticles in the flame, and not to any change in the chemical composition of 
the gas itself. Burners have been constructed in which the temperature of the gas is 
raised before combustion, but they are of little practical benefit if the heat is derived 
from the lumirfbrf.t flame itself. ** * 

Hitherto very little distinction has been drawn between the light effect of the 
whole flame, and the intensity of light, i.e. the quantity of light emittM by the various 
constituent parts of the flame. On the assumption that the light emitted by the 
luminous constituents is the same in the difteront parts of the flame, the light effect 
is equal to the ^product of the intensity of light into the volume of the flame. 
Heumann suggests that measures of the light-intensity might be obtained by allow- 
ing the rays to pass through a small accurately measured opening in a shade, placed 
between the flame aal the diapliragm of the ‘photometer. 

There can be littfp doubt that the luminosity of a hydrocarbon flame is due, as 
Davy supposed, to the presence of incandescent solid carbon. Stein has pointed out 
in referouco to Frankland’s hypothesis tliat the illuminating power is due to dense 
hydrocarbons within the flame, that if the soot bo present as vapour in luminous 
flames, a high bomperaturo after condensation should again cause it to assume the 
gaseo^is condition, but soot is absolutely non-volatile even at the highest teraper- 
aturos. the amount of hydrogen which it contains does not exceed 0*9 per 

cent. Heumann nas advanced the following proofs of the presence of solid carbon in 
luminous hydrocarbon flames. 

(1.) Chlorine causes an increase in the luminosity of fsehly -luminous or non-lumi- 
7 WU 8 hydrocarlnin flames. Since cjhlorine dSiQpaposes ^lydrpcnrbons at a red heat, with 
separation of carbon, it follows that the increase in luminosity is duo to the production 
of solid carbon particles. , •- 

(2.) A rod held in the luminous fame soot becomes covered on its lower surf ace, i.e. the 
siurface opposed to<he issui7ig gas, Vfith a deposit of soot. The solid soot is driven against 
the r^. If the soot existed os vapour within the luminous flame,^tt8 deposition 
would be due to a dimiq}ition of the ^temperature of the flame, and would therefore 
occur omall sides of the rod. ^ i 

(8.) A sUongly heated, surface also becomes covered with a deposit of soot. This 
result could not occur if the deposit were due to the cooling action of the surface. 

(4.) The carbon particles in the luminous flame are rendered psible when the flwme 
comes in contact with another flame, or with a heated surface, separated particles 

are agglomerated intew larger masses, and the luminous mantle becomes filled with a 
number of flowing points, giving ayeiy coarse-grained soot. 

(5.) The inmaparefKy of a luminous flame is no greater than that of the appron- 
mately equally tkioh stratum of soot, which rieed'from the flame of burning turpentine, 
and which is universally allowed to a^ain solid particles. The himinoos flame of 
hydrd^n, containing solid chromio oxide, is as transparent as the hjfllrocarbon 
flame. ‘ 


6.) Flames which undouhiedly tnee their lunAmsUy to finely divided solid matter, 
face charaeferi^ie shadov^s in sunlight. The only luminous flames incapable of 



FLAME. 


789 


pEodiiQ(|ffi sUdUiwB are thoee conaiattiig of glowing vapoum and gasee. Lmmimut 
JUmcB pf^uee titr<mgly marlud Mkadouyt in sunUght : tke$ejlamest tkm* 
Jore^ divided ^id ftuUttr, TkU eolid fnaiter must hs cofhm, smcs no 

other Mdtanes mpahle ^ nmnotitiit^ 0oUd ot ihs temperature of these fiamee w 
preeent, 

Bunsen-Uemp flame. — The nature of the chomical chaugw occurring in tlie uon- 
luminous flame of the Ump. has boer studied by Blodimaiin {LiSiifs^nnaJUn^ 

clxviii, 206). By methods similar to those already adopted by Landolt and Uilgard 
in the ease of luTninous flames (i. 1094). he has traced the gradual alteration in the 
composition of the mixture at diflcrent points in the internal area. viz., at 26 mm. 
and 50 mm. above the opening of the tuoa, and in the flame itself at a distance of 
76 mm. above the tube. The flame was 120 mm. high, and the i>oint of the inner zone 
was from 66 to 60 mm. from the end oi^the tube. The coal-gas. which varied but 
slightly in composition in the course of the ol«ervations. issued under a pressure of 
12 mm.f and was mixed with aix^n the tube in the proportion of 28'2C vola of gas 
to 71*74 vols. of air, or slightly more than 2^ vols. of air to 1 of gas. The percentage 
composition of the gases drawn from the various jx>ints is given in the following 
table : 



Ifixturo iu 
ilio tube lO 
inn*. Urlow 
Uie oiMjn- 

} • 

a turn. 

Above opening 

W) into. 

76 min. 

H 

13*74 

9*68 

4*84 

2*80 

cn» 

11*02 

10*78 

*7*64 

0*09 

oo 

0*80 

0*68 

.?*?9 

2*21 

C-Tl‘ 

1*13 

0*90 

0*0(> 

— 

CUP 

0*86 

0*60 

0*44 

— 

o 

14 88 

1 3*86 

692 

. — ■ 

N 

• 66*47 

69*68 

61 66 

66*66 

CO* 

0*21 

0*93 

3 66 

7*26 

IPO 

0*90 

3*14 

f3*C6 

20*20 


From the percentage volume of riittogcii in the gaseous n^xlure, the pro|x>rtion of 
admixed air and the contnictiun resulting from the com1>aslKn) are ri^ily calculated. 
The results thus arrived at are contained in the following tdhle : 


Auimint of air mixed with 100 vols. of gas 

In the iulje 

*26 mm. 

60 mm. 

76 mm. 

Comploto 

combus- 

ttou 





*263*9 

9H4‘7 

5«4*6 

484*3 

(K)S*S 

11 . 




48*6 

36*4 

17-7 

10 1 



CH* 




• MO 

<0*1 

28-0 

• 6*7 



CO 



, 

2*9 

2*2 ‘ 

19-9 

12*7 



cm* . 



. 

4*0 

8*4 

2;2 




C*H* . 




30 

26 

1*6 

— 



o . 




• 62*7 

62*0 

21*7 




N . . 



. 

f 99*8 

223*8 

226*0 

382*4 ^ 

482*3 

CO* 



, 

0*8 e 

3*6 

.13*0 

41*7 

62*4 

1I*C . • 



' 

3*1 

11*8 

46*8 

1. 

Il6*l - 

141-2 

ContractiaD 

. 



363 9 

376-7 

9-0 

369 8 
14*7 

674*7 

10*1 

' mu 

22-9 


Of the two combustible gases of which coal-gas is chiefly composed, namely, 
marsh-gas and hydrogen, the hydrogen is the flfst to bum r the effect of this is seen 
in its diminished proportion in ihe^ascs at 26 mm. and 60 mm. above the The 

cause of this rapid dimination in the proportion of the hydrogen, is to be ascribed 
mainly^o the greater difibsire |^er of tbtft gas. to ite lower ignition-poin^ and to 
its greater rapidity of inflammation as oompai^ with marsh-gas. It \m known 
a red-hot wire causes the combination of a mixture of oxygen and hydrogen, whereas 
it has no effect on a mixture uf maxhb-gas and oxygen. The zate of the oombusUon 
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of the hydrogen very rapidly diminiebea as its pr(wrt0i'’^ecreaj)^ and that of the 
waivh-ffas increases. At a height of 75 mm., mat j& at about one-third of the die- 
tance between the top of the inner zone and the rfsible limit of the dame, the amount 
of the mareh-gaB is only about one-third of tb^ of fhe.hjr^Wen.^ The increased ratio 
of the hydrogen is probably duo to the high Lomperatu# of this part of the flame : 
the temperature of combufition of the marsh-gas in air ie high enough to prevent the 
complete (^cmbustion of the hydrogen, or, jyhat comes to ti|e same thing, is sufficiently 
high to dissociate vapour of water already 'formed. To the large proportion of carbon 
monoxide present in the ueighbonrho^ ef the inner cone, is due the well-known 
reducing action of this portion of the flame. 

In the combustion of the coal gas a considerable contraction of volume occurs ; 
708*8 vols. of air and gas give only 685*9 vols. of combustion-products. On tlie 
whole, tile rate of the contraction goes on increasing with the height of the flame, but 
at* 75 mm, a sudden break in the continuity 8f the r»ite is manifest. This is owing to 
an ineroaso in the volume of the still unburnt gas due to the decomposition and partic'd 
oridation of the hydrocarbons : e.g., 1 vol. of ethone with 1 vol. of oxygen gives 2 
vols. of carbon monoxide and 2 vols. of free hydrogen. 

Blochinann has also analysed the gases present in the extreme outer edge of the 
fljimo : these, of course, consist of water- vapour and carbon dioxide mixed with oxygon 
and nitrfigen. 

The results are contained in the following table : 


llciKtit from 
bnriu-r, mm. 

OO’ 

ir“0 

40t ‘ 

<L. 

N 

TT’O 

"co* 

10 

3-30* 

14*36 

829 

74*05 

4*35 

20 

3l*4Q 

14*95 

7*95 

73*61 

' 4'29 

30 

4-07 

14*68 

8*31 

7204 

3*63 

40 

3*05 

12*90 

8*94 

74*21 

3 27 

50 

3*64 

11*22 

10*03 

75*11 

3*08 

60 

3*02 

11*02 

^72 

75*34 

! 2*81 

70 

4*3^ 

10-82 

0^20 

75*63 

2*49 

80 

4*91 

10*73 

8*92 

75*44 

218 

90 

5*38 

10*72 

8*60 

75*30 

1*99 

100 

5*73 

10*81 

7 76 

75*70 

1*89 

110 

6*68 ' 

10*97 

6*61 

75*84 

1*67 

120 

7*18 * 

11*14 

6*17 

75*51 

1*56 


Those numbers also servo to indicate that the greater portion of the hydrogen present 
in the coal-gas is consumed in the lower piirts of tlio flame. The greatest proportion 
of the wator-vapbur is formed in the lowest quarter of the flame ; it then gr^ually 
decreasos up to a fiofght of about 90 inm., after which it slowly increases. On the 
other hand, the proportion of carbon dioxide siiflers a pretty steady increase with the 
height of tile flame. 

The comparatiyely large proporCi'on of bmt gases neaw* the base of the flame, 
when connected with the facts that a space exisw between the burner and the base of 
the flame, and that the inner and outer zones meet at «that point, seems to indicate 
that a portion of the gas has time to form an explosive mixture with the external 
air, which ignites asa whole when its temperatfkro is raised sufficiently high. 

Blochmann, moreover, has determined the iimount of the products of jiombustion 
in the atmosphere immediately surroundysg the flame, drawn at a distance of 10 mm. 
from the edga Below a distance of 20 or 25 mm. from the opening of the tube, not 
a trace of the products can {h* found : it is only at a height of about Sd mm. that 
these become perceptible. The ratios in the fourth column of the following table, 
affo^ additional proof that the free hydrogen burns proportiona^Jy faster than the 
hydrocarbons ; at a height of 60 ram., and upwards, the ratio water^vapour and 
carbon dioxide becomes .constant, and almost identical with that given by the com- 
plete combustion of the gas, show'ing, therefore, that the maiginal portions of the 
coal-gas are completely consumed. 
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Vertlcsl hefglii from 
opening <H tube 

\wo 

Vapour ■ 

** 

OO* 


20 mm. 



0 06 

000 


30 

0-77 

0-16 • 

4*8 

40 

1‘14 

, 0-40 

2*8 

60 

1*78 

0'G3 

2*7 • 

60 

1*90 

• 075 

2*5 

70 

2*42 

1-05 

2-3 

80 

3*71 

1-37 

2-7 

90 

2-40 

0-91 

2*0 

100 

270 ^ 

MO 

2*4 

110 

2-90 

M3 

26 

120 

2-7% 

1*30 

2*1 

100 vols. of gas give 

137*79 vols. 

62-62 vols. 

2-3 


The feoblo luminosity of the lluiiHon flnmu is duo to ti nuniljor of causa#: (I) to u 
rapid oxidation of UiminiferouH material to goacs of fot'blo ninminuiiiig power by the 
oxygon in t!io admixed air ; (2) the pn*«onci' of diluting gitHOK, which of thcmaelveH 
rtjduco the illuminating power ; and (3) to tin? heat withdrawal by the indifforciit 
gases, as nitrogen, and tho pisKiuc^ of cttni bust ion, carbon dioxide, and water. The 
loss of luminosity is not duo t<i any dhe^of these causes acting singly. A flame of 
mixed coal gjis and air has a higher temporiituro than that of the un(hlute<l coal gtia, 
but it requires a still higher tomperature in order that a separation of carlxin shall 
^ccur. . 

When tho volume of gas passing up the tulie is small, t here is groJtt risk that tho 
least draught of air, by interfering %vith the flow of the gas, nr by mixing with it in 
sufficient atnouiit to create an explosive mixture issuing at a less rate than that of its 
propagation of combustion, may cause th§ flame to retreat down the IuImi and burn at 
the bottr>m, with tho production of di» 4 igct‘cably>smel ling gases arising from imperfect 
combustion. The nature of the gases thus formtMl within tho tuhedios been studiMl 
by Biochmann, whd,^ results are seen in tho following hible (Lichig'$ Annalm^ 173, 
180): 
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When the flbune boms at the bottom, a very ranch smaller quantity of air f 
into the tube : in thf ease cited, 58*9 vols. of air were mixed with 4 2 0 vols. of gu. 
On comparing the o<ftnpositioD of the gas before burning with that remaining after 
partial oombostion, it is seen that the pmportion of marsh-gfls is but very slightly 
diminished, whereas about half the hydrogen hosedisappeared, and with the decreaiiQ 
of the hydrogen there is a proportionate increase in the i^ioant of water-vapour. 
Ibe olefines have decreased, whereas the carbon monoxide is more than dcmbled in 
quantity sand there is a certain aunount of acetylene formed. To the carbon monoxide 
and acetylene is doubtless due the extremely disa^eeable effect of t!^ pt^ally 
consumed gas (see also Thorpe, CkewL. Soc. lo77, i. fl27}« 
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V&AVacOBA&T. See Cobaj.t Ammonias (p. 644 ). 

VltAiroPllWVBZar. See TbioxtAnthbaquinones (p. 111). 

PImAX. The fibres of New Zealant flax may be distinguished from those of 
ordinary flax and of hemp, by steeping the tissue under examination for a few hours 
in the aqueous solution of an aniline>dye, and washing it with water. The fibres of 
New Zealand flax are then found to be dyed a deep-re4,^,while those of common flax, 
hemp, &c., remain white. This difference is particularly conspicuous after washing 
the stuff with sotip-water (E. Fitzehert, Bull. &>c. Chim. [2], xxi. 646). 

Toting. — To determine whether flour is spoiled or not, Wanklyn 
{Bharm. J. Trans. [3], iii. 827) exhausts it with cold water. Good flour contains but 
little dextrin or sugar, and consequent^ its aqueous extract when evaporated will 
leave but a very insignificant residue compared with that of spoiled flour, which 
contains a large quantity of these soluble substances. 100 parts of sound flour yield 
about 4*7 of extract, whereas spoiled flour yields from 12 to 18 pts. 

The presence of bean-flour, or the flour of other leguminous seeds in wheat-flour, 
may be petectod by mixing the flour with water to a thin paste, kneading it under 
water, leinkiTig the starch to settle, then evaporating the liquid on the water-bath to a 
scum, ano^mixing the filtrate with acetic acid : legumin, if present, will theii separate 
as a precipitate soluble in ammonia. Leguminous flour may also be recognised by 
microscopical observation, and by the much larger amount of ash which it yields when 
burnt (Dioz, N. Jahrh. Pharm. xxxix. 3). ^ a * 

Detectum and Estimation of Alum mF/owra—f^r quantitative estimation, Wanklyn 
{loc. cit.) uses at least 100 grams of flour ; incinerates it in a stream of oxygen ; and 
treats the ash, not with hydrochloric or nitric acid, but with a weigherl quantity of 
strong sulphuric acid ; heats the moistened mass till the sulphuric acid begins to 
evaporate ; mires it with a little water and a W'oighcd quantity of cahstic potash ; anfi 
precipitates the alumina from the solution with ammonium chloride. The object of 
weighing the reagents is to take account of any small quantity of alumina that may 
be contained in them. 

Wanklyn also points out that sulphuric IJ^id always apj^ars in the ash of flour, 
lieing formed duying the incineration from tho gluten, which contains about 1 per 
cent, of sulphur; and that consequently, for tho detection of alum in flour and bread, 
it is of no use to determine tho amount of sulphuric acid in tho ash, tho increase in 
the amount of this c^mstitiient caused by th*is adulteration being too small to yield 
any detiiiito result, it is bettor to exhaust tho flour with cold water, separate the 
gluten, and test for sdlphuric acid in the filtrate {Analyst, i. 14). 

Tho presence of iv^um in flour ma^ also be detected by mixing 60 grams with 50 
c.c. of water, O O c.c. of logwood solution, and 5 c.c. of aqueous ammonium carbonate. 
If alum is present oven in tho proportion of 1 pt. in 10,000, the colour of the emulsion 
w ill be changed from pink to lavendor-bluo (J. C. Nell, Analyst, ii. 28). See also 
AnuMs (p. 67* of this volume). 

On the Deieiifbn qf Mineral Substances in Flour, see Vohl {Deut. Chem. Gee. Ber. 
ix, 1660 ; Chem. Soo. J. 1877, i. 763). 

On Explosiom in Flour-mills, see p. 767. e 

I'&OWaiVItt- Tho quantit/'of BUga#fontainod in t^io petals of flowers has been 
determined by J. Boussin^ult {Compt. rend. Ixxxiii. 978). The petals were carefully 
separated, and the soluble mqtter extracted by a ^ven volume of water, the non- 
sa^iariuo matter being eliminated by tho addition of basic acetate of lead In the 
following table, column I gives the percentile of dry matter in the petels (the loaves 
of these plants were also examined) ; columii II gives the percentage £* sugar (in the 
petals in their natural (ttate) capable \>f reducing copper solution ; column III tho 
pei'centage of invertible sugar, roduciog the copper solution only after treatment with 
acid. i 
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11 

HI 

Lily petals . 

,, leaves . 

120 

2*60 

traces 

16*0 

2i75 

traces 

Oleander petals 

16-0 

2*72 

traces 

„ leaves 

26*6 

2*46 

traces 

Porculaoea flowers. 

10-0 

4*42 

0*65 

„ leaves . 

6*6 

1*27 

0*20 

Acacia petals 

13 0 

3*80 

000 

Qum acacia petals 

170 

1*46 

1-43 

Khododendxon petals 

8*0 

2*20 

0-60 

hlaguolia petals . 

„ leaves . 

115 

1*44 

0*66 

24*0 

1*34 

0*76 
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Orange petals 

I 

. 21*0 

II 

000 

III 

060 

t, whole flowers . 

. 220 

4*11 

094 

„ leaves 

. 280 

traces 

V30 

Snap-dragon petals 

. 140 

4*83 

2*12 

lime flowers 

. 2o0 

0*34 

0*27 

„ leaves .... 

. 33*0 

1*08 

l‘9l 

Bose petals . . r f 

130 

3’40 

traces 


When exposed to the air after separation from the plant, the flo'srcrs lose tlieir 
sugar, absorbing oxygen and oxluding carbon dioxide ; out this abtion takes place 
only while they are m their normal state, and ceasee entirely when they are dried, 

mixs CAmrXMM n BKXam&X.V W. N. IlarUov (CAcm. &)C. J. 187«, 
i. 137 ; ii. 237; 1B77, i. 241) has exiftiined the liquids eiiclosed in several minerals, 
especially quarts and topaz. The character which the nature of these liquids can 
be most easily recognis^ is the ' critical point,' that is to say, the temperature at 
which the liquid is converted into vapour within the cavity, and disappears. To 
determine this temperature, a section of the mineral is immersed in wate^i^t various 
teinperatifres, and brought as quickly as possible under the microscope. In this 
manner many enclosed liquids were found to pass into vapour at 30'73*'-31®, which, 
as shown by Andrews (Isf Sitppi, 402), is the critical point of carbon dioxide. In 
certain specimens of saf»phir^ and t^paz, the critical point was 2 or 3 def^roea lower, 
which, os also appears from the tfxpupnients of Andrews, may bo referrod to the 
simultaneous presence of an uncondensablo ^s, most probably nitrogen, which was 
long ago recognised by Davy as occurring in mineral cavities. In quartz, on the 
contrary, UartJey has observ^ a raising of the critical point (as high ns 33°), a result 
which may be attffbuted to the presence of a gas of lower tenNion at >a given tem- 
perature. It cannot be ascribo<l to the presouco of water, since nt 31° and the high 
pressure which must exist within the cavity (that of carbon dioxide at 28*3° btung 
upwards of 70 atmospheres), the tension of water- vapour is practically nothing. On 
the other hand, the raising of the critieof point of carbon dioxide in those cases may 
be most probably attributed to the projehce of hydrogi^n ch loriilo, as this oom- 
l>ouDd has been actually observed by 8orby and Hartley to occur in mineral cavities, 
and according to the experiments of Davy and Faraday it has in the liquid state at 
1 0 '6° a vapouiMension of 40 atmospheres, ^at of carbon dioxide at the same tem- 
perature being equal to 60 atmospheres. * 

In topazes the enclo.sod liquid ofren consists of water. Supi^ing that topaz haz 
been produced by the action of alkaline fluorides on kaolin, t)ie non-oc4*urrence of 
carlion dioxide in cavities of it quite full of liquid is easily explained. Some to^^es 
contain cavities, one of which is completely fillVsl with liquid carbon dioxide, while in 
another one-thiid of the sp^ is filled witn water, another third with liquid carlon 
dioxide, and the remainder with gaseous carbon dioxide, the space ocenpiod by this 
gas having been left by the condensation of the aqueous vapour. Ift «hese cases it is 
supposed that the critical temperature of the water has not 1>eon attained, as other- 
wise the contents of neigh }aii;i ring cavities would bo similar. 

Cavities «n Rocks . — A blrgfl*numbei#j^ sections of gipinire and Tfiliphyry wore 
examined, and in nearly all of cavities wore found containing waUr. 

Gas-babbles denser than Water , — ^When a mineral having cavities containing water 
together with g gas-bubble is heated, the nubble is oliserved to siick in the liquid, 
the gas, wbiclf is already under strong fprrasure, being furt,her condensed by the 
vaporisation of the wate^ and so ultimately bedumiug denser yian the water itself. 

CrystaUsheq^ CavUies , — Cavities in crystals arc often disposed imnmctricaliy round 
the axis. A beryl, for example, exhibited cavities in tlm shape of tubes lyii^ parallel to 
the six faces of the {nniim. In a hexagonal prism of quartz the cavities were of 
irregnlar shape, but so i^isposcd round the pnocipal axis that they wore evidently 
caused bylnclosures of water during suocesstve growths of th^ crystal. Geuiirally 
speaking, the cavities themselves are irr^lar in form and more or \em rviunded ; 
especially is this the case in ciystalB artificially ibrmod ; but in certain cases Uie 
cavities are not only angnlar, but takft the form of the crrstals in which th^ are 
encLoeed so exactly, that each side of each eaviU is parallel to a face of the crystal* 
This is seel in quartz porphyiy from Arran : in granite from the Monma Monntsins ; 
in Aberdeenr granite ; in the granite from Tndyvan, Cornwall ; and in qifiirtz from 
Snowdon. • 

nVOBOSXO ACX2> (tto-caiicol). Boltoiv (p. 346). 
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C'H\ 

Tx.vo*AwrMMm. c»ll‘»= ^Cfl-CH ^ 

(5iH'- CH 

Annalent cxciii, 142). This hydrocarbon, fttermediate between phenantbrene 
and pyrene and related to fluorene (C‘* H'®) in the same manner as phenan- 

threne to diphenyl, dBcurs, together with pyrene, in the solid hydrocarbons which 
separate from the last portions of th^ distillate obtaii^ in boiling coal-tar down to 
coke. To separate it, the brownish-yellow press-cake containing these hydrocarbons 
is once rocrystallised from alcohol, fb separate the more soluble and grea^ constituents, 
then redissolved in alcohol, and the solution is mixed with an alcoholic solution of 
picric acid, which throws down a very copious brownish-red precipitate, or if the 
solutions are somewhat concentrated, causes them to solidify completely to a crystalline 
pulp, consisting chiefly of pyrene-picric^acid. The flnoranthene is also, for we most 
■part, carried down in the form of a picric acid^compound, unless the solution is very 
dilute, in which case the greater part of it remains in the liquid. To separate the 
two hydrocfirbons, the precipitate is several times recrystallised from alcohol, and 
the more soluble crops of crystals, if their melting points are considerably lower than 
that of pjq^ne-picric acid, are collected apart. Further quantities of these lower-melting 
compounds are obtained by draining the liquid from the precipitate, and distilling otf 
the greater part of the alcohol. These more soluble groups of crystals are then re- 
crystallisod from a rather large quantity of alcohol, till pyrene-picric acid no longer 
sepanites from the solutions, which are then decompoapd by ammonia. The hydro- 
carbon thus obtained (m. p. 11 3**-! 16®) still, hoyever, contains a small quantity of 
pyrene. A similar mixture, poor in pyrene, Is Stained when pyrene-picric acid, purified 
as completely as possible by repeated crystallisation from alcohol, is decomposed by 
ammonia, and tiie precipitated pyrene crystallised from a largo quantity of alcohol. 
The first crops of crystals then consist of pure pyrene, but the Ijyjt mother-liquors 
yield large shinftg lamiiim (m. p. 116®), consisting of a mixture of" pyrene and fludr- 
anthrono. For further puriheation, the mixture of the two hydrocarbons is freed as 
far as possible from pyrene by recrystallisation, tlien recombin^ with picric acid, the 
resulting compound again subjected to frictional crystallisation, &c. ; and by this 
somewhat tedious process a picric acid compound is at length obtained, which melts 
at 182®-183®, afed is much lighter coloured than the pyrene-picric acid which does not 
melt below 222®. From this compound the hydrocarbon is separated by ammonia, 
and finally purified by crystallisation from Jxiiling alcohol. 

Fluoranthene also been separated by Goldschmiedt (who calls it idryl) to- 
gether witli anthracene, phenantbrene, chrysene, and pyrene, from a product obtained 
in the distillation of Idrian quicksilver ores {Dent. Ges, Ber. x. 2022). 

Fluoranthene is Sparingly soluble in cold alcohol, easily in boiling alcohol, also 
in other, carbon sulphide and glacial acetic acid. From a concentrated alcoholic 
solution it separates in cooling in long thin needles ; from a very dilute solution in 
largo thin, vory brilliant, colourless, monoclinic tablets, -exhibiting the combination 
OF . +-F.o£) and much elongated in the direction of the axis of symmetry. Axes 

a: b: c=l-496 : 1 ; 1 026. Angle ac»-82® 50'; oopoo ; P=s68® : ooP : 0P«86'»; 
+ Poo : OP ==» 36{}®. Cleavage perfect parallel to OP. Plane of optic axes parallel to 
the plane of symmetry, hirst median line almost ex»*ctly at right angles to OP. 
Strong douV'r refraction. Mofting poibt 109® (Fittig a. Gebhard); 110® (Gold- 
schmiedt). 

FliUiranthcnc-pieyic acid^ C**H'®.C*H®(N0*)®0, separates from a mixture of the hot 
alcoholic solutions of fluoranthene and picricocid (equal weights) in long shiningneedles, 
having a reddish-yellow colour, much ligh^ than the picric compounds of the other 
hydrewarhons of the group. It melts at 184®-I83® (F. and (\.) ; 184® (Goldschmiedt): 
is slightly soluble in cold, more eashy in hot alcohol, and may be reciystallised from 
alcohol Viihout alteration, but is decomposed by boiling with water, and still more 
easily by drinching with'ammonio, the hydrocarbon being set free. 

* DibromoJinorantAene, C**H*Br*. — ^Whon bromine in eiuess is added by drops 
to a cold solution of fluoranthene in carbon sulphide, a brisk e;%Iution of hydrobromic 
acid takes place, and a yellow crystolline precipitate is formed, consisting chiefly of 
dibromofluoranthene, and easily purified by lioiling with alcohol and recry stallising 
the residue from boiiirg carbon siuphide. Dibromofluoranthene crystalUses from this 
solvent in light yellowish-green shining neediest, melting at 204®-206®, very sparingly 
soluble in alcohm, ether, and glacial acetic acid ; more easily, but by no means freely, 
in b\.>iling carbon sulphide. v 

Together with this dibromo-conn pound, tbcrc are also formed other bromofluor- 
anthenos uddeh may partly be extracted from the product of the reaction by boiling 
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alcohol, portlv romaining in the mother-Uquor of the reeiyetaUiBation ; thej have not 
been ohtainea pnie. 

^Trinitro fluoranthene, C**HXNOp*. — Fluoranthene, added by small pdriions 
to hnniiig nitric acid, dissolves readily with riiig of temperature, and a nitro-eompound 
eemrates after a few seconds ; and if, after the whole of the hydrocarbon has been 
add^, the liquid be heated till the whole is dissolved, and ui^n left to cool, the 
trlnitro*compoand separates abundantly in small needles, which are nearljr insoluble 
in all the ordinary solvents, and* must be washed on a platinum funnel with strong 
nitric lu^id. ^ 

Trinitrofluoranthene crystallises from hot nitric acid, in which it is moderately 
soluble, in shining yellow needles which do not melt at 300®. It distolves but very 
sparingly in alcohol, ether, carbon sulphide, and glacial acetic acid, oven at the boiling 
heats of these liquids. ^ 

Oxidation-product a of Fluoranthene . — ^Fluoranthene reacts with oxidising tmenta 
like phenanthrene, being readily oxidisfe, botli on addition of chromic anhydride to 
its solution in glacial acetic acid, and by boiling it with potassium dichromate and 
dilute sulphuric acid, yielding in either case a quinone and an acid u'hich are easily, 
sepiirated one from the otlier. The latter method is to be preferred, as it effects a 
more gradual and complete oxidation. The products float on the liquid in the form 
of a brownish o^agulated mass, which may bo filtered off after cooling, washed with 
water, then pulverised and rejHjate^ny lixiviatcil with scxlium carboimte. 


l*Iuoraiit]ieiie-qnlawa«i is found, together with una1terc<l fluoranthene, 

and difficultly soluble chromic compoiqffls, in the residue left after treating the mass 
ai>ove mentioned with sodium carbonate. ♦fhe quinone and the hydrociirl^n may be 
dissolved out by boiling alcohol, ami sejuirated from one another !)y treatment with 
acid sodium sulphite, which dissolves the quinone with moderate facility ; and the 
solution, on addition qf hydrochloric acid, deposits nearly colourless ubihII os, apparently 
consisting of the hyd ro<j[nf none, as they bum in the air, and are eont<irtiBcl in grout 
part during rccry stall i Sill ion from alcohol, easily and complet«*ly on fnwitment with 
ferric chloride, into the quinone. The hitter crystallisoH fmm alcolud in small rod 
netHlles, melting at 187®- 188® (F. and G.), ldB9® (Goldik!bmie<lt) ; moilerately soluble 
ft alcohol and in glacial acetic acid. 

C*\l\ 

Blptaenyloaokotone-oarlioiilo aolit, C* /l"b’ » j \C() This noid 

^ - Oil 


constitutes by far the gretvter part of the piquet of the oxidation p? fiuoninthene by 
chromic acid mixture ; it may be dissolved out f>y siKlium carl^nat^^, and thruwm 
down therefrom by hydrochloric acid, as a bulky rinldish preeipiUite. A small 
additional quantity may lie obtained fn»m the jwrlion of the ermh pr<x!uct insoluble 
in soilitim carbonate, by decomposing the chromium-comTioundH which remain tin- 
dissoh-ed on treatment wdth alojhol, with Ijoiling hydrochloric acid, dissolving the 
jwrtion w’hich then remains behind in Mxiium carbonate, and prt'cipitiiting with 
hydrochloric acid. The acid may bo o!*tnined quite pure by conver^ig ^t into its 
Ixirium salt, which ciysUillises well, sepawiling it tiiert^frora bv hydrocnioric acid, and 
cr^’stallising from dilute alcohol. Its fi>nnntion is represented by Uic equation 

^ , • • 0*11^ 

+ ()•*=. co»*+ H«o + I 

0*H*- COk-OU 


C*H‘v 

I 

C-H* 


— cu 
II 

GH 


Di phenyl eneketone-carlxinic acid is nearly insoluble in cold water, nAightly Holiiblo 
in boiling water, •'easily in alcohol and ethtr, and crystallises in orange* red needles 
an inch Tong, melting at } 91®- 102®. It has ih% same percentage composition as 
oxyanthr^uinoiw, but has no further connection with that compound, being fact 
a true acid, which dissolves with the utmost ease in alkalis aiul alkaline carbonates, 
and expels carbonic acid even from insoluble carbopates. It is monobasic. Its 
aalt, + 411*0, easily ol^tned by boiling the acid with water and 

barium carhQuate, is spaipngly solnble in cold, somewhat more easily in hot water, 
and crystallises firom^ the dilute ^uUon in very bulky groups of slender, silky, faintly 
coloured needles, which in the aii^-dried state contain A mols. water of crystallisation. 
The calcium aalt, ^C**H’0^)*Ca+ 2H*0. mepared like the barium salt, separates fi'om 
the aqueous solution during evaporatiOT in small yellow needles, n<A mudai more 
soluble in hot than in cold water. The aUrer aalt, C*^II*0*Ag, separates on adding 
silver nitrat/ to the solution of either of the preceding salts, as a faintly jellowisb- 
green fiocculent precipitate very slightly soluble in I^Nutor. * 

DiphenylenelmtcRie-oarbonie aci^ nniles directly with 1 mol. KOH, fouming tlie 
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C*H<— CO*K 

potassium salt, I * , of an acid isomeric with diphenic acid (p. 658). See 

C®H<— CO*K 

IsoniPHKMic Acid. e- 

The constitutien of diphcnyloneketone-carbonic acid is determined by the mode 
of its decompositioiv when heat^ alone, and with zinc-dust. In the former case, about 
oneHtenth of the acid volatilises uimltered, and thc^ rest is resolved almost quantita- 
tively into carbon dioxide and dipnenylene-ketohe : 






I >00 = CO* + 1 >co, 

cm^co.on 


The same decomposition takes placo when the acid is heated with lime, but it 
requires a higher temperature and is less complete. The 'same products are also 
formed in the first instance when the acid is hsat^ with jsinc-dust, hut the diphenylene- 

cmK 

ketone is then reduced to diphenylene-methane or fluor one, | \CH*. 

The* formula thus established for diphenylenoketono-carbonic acid shows that 
fluoranthene, by the oxidation of which it is produced, must be represented by the 
formula 


C«H ^ 

(Ih^— 


\0H— CH . 


-I^H 


and that it is related to fluorone, in the same way as phenanthrene is to diphenyl, 
differing, that is, from fiuoreno by 2 atoms of carbon, or being, derived from it by 
Biibstitutioif d\ the bivalent radicle. C*H* or — CHmCH — , for 2 atoms of hydrogen. 

With respect to the orientation of the group CH=:CH, in phenanthrene and fluor* 
anthono, it has lately been shown by 8chmitz {lAcbi^*8 Annale7i, cxciii. 115) that 
diphonyieno-kotono is converted by fnsioc with potash into phe nyl-benzoiQ acid, 
C"H*.C*H\COOIi (j.v.), and that this i,cid is scarcely attacked by comparatively 
weak oxidisin'js agents, such as dilute nitric acid or permanganates, but is cempTetely 
oxidised by chromic acid mixture to carbonic acid and water. Now this behaviour is 
known to bo characteristic of ortho-dorii;ative8, and hence it may be inferred as very 
probable that in phenyl-benzoic acid, the group CO*H is in the ortho-position 
relatively to the pg^nt of junction Df the two benzene-nuclei, and that consequently a 
similar position must bo occupied by the group CH=:CH in phenanthrene and fluor- 
anthene. 

Atterborg {Deut. Chem, Qes. J5cr. xi. 1224) proposes to represent the hydrocarbons 
derived from diphenyl by successive addition of 1 at. carlion-atom, by the following 
formal re ; 


env 


!*H» 


C»H' 


<i.H> 

Fluoranthpnc. 


OH* 


C-lIV C«HV 

i.n> 

Dlpboiiyl. nnorcue. PFioi^fntlircno. ^ 

JP&ird&Blffll or JDZPBBXr'T&BlhB-XMCBTBA.ira, 
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This liydrocarbon has already been described under diphenylene-compounds (p. 671), 
where it is stated that the ftuorene from coal-tar discovered by Berthelot, and further 
studied by Barbier, agrees in most of ittf properties with the diphenylene-methane 
obtained by Fittig from diphenylone-keto^e, and by Graebe from diphenyl-methane, 
but differs from it in yielding by oxidation a quinone as well as a ketone, and in the 
cryst^line form and fiielting point of its dibzoino-derivative. Quite r*>cently, however, 
tile dipheuyleno-methanc prepared from diphenylene-ketone has been re-examined by 
Fittig a. Schmitz (Liebip^s Annalen, cxdii. 184, July 1878), who have obtained it in 
greater purity than beWe, aiid shown that it a^es in ovaiy respect with coal-tar 
fluorene, with the exception of slight difiTereuces in physical, properties which may bo 
fairly attributed tq the presence of small quantities of other hydrocarbons in the 
latter, seeing that it is not obtained by any definite reaction, but separated from a 
mixture of hydrocarbons by fractionation. 

To prepare pure diphenylene-methane. an^ntimate mixture of di phenyl one-ketono 
and zinc-dust was introduced into a combustion-tube, then a layer of zinc-dust alone ; 
thq open end of the tube was bent downwards ; and the tube was strong!} heated in a 
combusiion-fumace. Biphonyleni-methano then distilled over ia the form of a 
colourless oil, which solidified in the downward-bent worm of the tube^ acoompaiiied 
by a red subs^inco ap|>arenMy the /^me as that which is formed as a bye-product in 
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the pTeparation of diphenjlene-ketODo. The quautity of. this red body funned inereases 
as the tempenituTO is rais^ ; but nevertheless it is best to employ a strong heat, as at 
l^wer temperatures unaltered diphenyleue-ketone distils over, urhich is more difhcuU 
to separate than the red substnneo. The dip^ieiiyleno-methane may, in fact, be sepa- 
rated from the latter by a single distillation, and obtained quite puio by recxystallisa- 
tion from alcohol. 

The hydrocarbon thus prepared czTStallises, from alcohol in shining, perfectly 
colourless laminie which, whether in we dry state or in alcoholic solution, exhibit 
only a faint bluish fluoresoenoe. The strong lluoiesccnce observed by Berthelot a. 
Barbier in coal-tar iluorene (hence the namel was p^bably duo to the admixture of 
other hydrocarbons. Diphenylene-metbane aissolves sparingly in edid, easily in hot 
alcohol, also in ether, benxenc, and carbon sulphide. It melu between 112^ and 113^, 
and boils at 204^-296® (thermometer up to 2iy° wholly in the vapour), which is con- 
siderably below the boiling point of diphenylene-mothnne given by Graebe (300^-306"^) 
and of coiil’tar fluorene by Barbier (3(m^). 

The picric acid compound, C**H**.C*H*(N0*)*0, prepared by mixing the othcroal 
solutions of its componenta in the calculatetl proportion crystallises by 8}>oxitancous 
evaporation in red-brown compact prisms, melting at 79^-80^^ (80®-82® Barbier). 

Vihro^odiphenplenc-THeihane^ is prepared by adding 2 mols. 

bromine to 1 mol. of the hydrocarbon dissolved in carbon tmlpbido. On distilling off 
the solvent, after the evolution of thohydrobromic acid has censed, washing the residue 
with ether, dissolving it ^ car^n sulphide, and leaving the solution to evaporate, the 
compound separates in well -defined tabular crystals, perfectly transparent and colour- 
less, and giving by analysis numbers agi^iflg exactly with the formula. It melts at 
1C2'^-167° (at 163®-K>4^ Graebe, Barbier). 

The crystals, examined by Arznini. are perfectly limpid monoclimc prisms, 
ooP . Ego . Op, ^equently with addition of ooEoo; tabular: cleaving perfectly 
tutlrallol to OP, somewhat less distinctly parallel to oo P od. Axes a I b 0*6026 : 

1 : 0 6974. Anglo oo - 78° 21' ; oo P : « P « 67® 42' ; oo P : OP - 79® 48' 30" ; 
E » ‘ OP 34® 20'. The piano of tJie optic axes is parallel to the plane of symmetry ; 
the first median line lies in that plane, n^^d the second coincides with the axis of 
• symmetry. These crystals are oviuently diHcrent from those of the dibromo*<lorivativo 
of Barbier*a finorene, the measurements of which, by lk>uchardat (p/:.61), have Won 
tested by Arznini, and found to W quite exact. Fittig a, Schmitz, however, having 
obtained some of these crystals from Barbier, disBolvea them in carlxm sulphide, and 
loft the solution to evaporate, whereupon it first deposited th^ ^lourloss crystals 
above described, and the mother-liquor, which was Bomewha4 ^t-rongly coloured, 
deposited, on farther evaporation, large yellow ciystaU, the mwsurenionts of which 
agreed exactly with those of BarbieFa crystals. The mothor-liqlor of those yielded 
a second crop of the colourless crystals, which were again succeeded by the yellow 
crystals, and so on. Bence it appears that dibromo-diphony leue-methane is dimorphous. 
Moieorer, as the colourless solution of the compound prepared bv Fittig a. Hchmitz 
never deposits the yellow cirst^, whereas BarbieFs crystals are aiw^s coloured and 
separate from a coloured solution, it is most probable that the cirstallisation of the 
compound in this form is due to the presence of a small quantity of some other hydro- 
carlxm. ^ ^ 

Diniiro-dipkcnvl-mefkane, C^'mflSrO*)* prepared^ accordinufNn Barbior's 
directions, by adding the hydrocarbon to a mixture of equal volumes of Aiming nitric 
acid and glacial acetic acid, ponriisg the product, after twelve heurs’ standing, into 
water, and dissolving the resulting pre^itato in glacial acetic add, crystallises 
therefrom in oo^rless needles meltii^ at 199®-201®, and verv slightly soluble in 
boiling alcohol, mm which it separates in Idbg shining spiculae. Barbier describeri^ this 
compound as crystallising, in radish needles, vei^ idightly soluble in all the ordinaiy 
solvents, ^rystf^lisable only from a mixture of nitrobensene and light petzoletfin oils, 
ai^ melting, with decomposition, at a temperature above 260®; this ffitoduct was 
doubtless impure. • 

Oxidation-proditt^ V IHphenyJene^methane . — When 2 pts. of ciystallised chromic 
anhydride mere added to*l of diphenylene- methane dissolved in alcohol, the solution 
on cooling deposited, first the unjuterw hydrot^bon, then a cdnsiderablo quantity 
of diphenylene-ketone, but not a trace of the quinoae which, seeding to Barbier, hi 
formed at the same time. Hence Fittif^ Schmitz conclude thai^ if Barbier did really 
obtain a quinone, it must have been formed, not from diphenylene-methane, but from 
some other hydrocarbon * contained in his fiuorens. * ^ 

• ICsst protalilj snotlier modlflcsklon oC diphenytene-ta^ghan'*. The isaie snnpotltlodmay 
«oo<mnt for the fmet that coal-tar fluotene, yielde two moaiflosUone of atlmimodiplMoyla|ie.ineaii^ 
wtierese ***** ^droosrtxia pr^wrtd by reductioa of dtphonylene-ketone, which Is aomogeaeonf^ jrleida 
only one. 
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Be«omii>phthal6ia« IScse Phtualkixs. 

See Light. 

] . Metallic. — The sp. gr. of lithium fluoride is 2296 at 21 *5? ; 
of eodium fluoride, 2'588 at 14*5° ; of pc^^ium fluoride, 2*096 at 21*6°. The sp. gr. of 
rubidium fluoride, determined on a very small quantity of material^ is 3*102 at 17'. 
This salt is extremely deliquescent. 

When diver fluoride is added gold chlorid5,^a pale-brown precipitate falls, 
which is a mixture of silver chloride and gold oxide: 2AuCl* + AgF + 3H*0 i* 
An*0*+4AgCa + 4HF. A simil&r result is obtained with platinum (F. W. Clarke, 
Sill. Am. J. [2], xiii. 291). « 

Sarlnm l^uoride* BaF* may he crystallised in cubes (with edges 0*02 mm. 
long) from solution in water ; also by heating the precipitated fluoride to 240® with 
water containing nitric acid. With^ater containing hydrochloric acid, prismatic 
crystals arc obtained^ probably a double salt o4 BaF* and BaCl* (Scheerer a. Drochsel, 
pr. Chem. [2], vii. 63). 

Calcium X*laorldc. Crystals of fluorspar from the Miinsterthal and other 
localities in Buden, have been examined by F. Klocke (JTahrh. f. Min. 1874, 731), 
who has observed the new forms 80J and 804. A. v. Lasaulx {ihid. 75, 134) describes 
the triakisoctohedron 40, as an independent form of fluorspar from StriegcAi in Silesia. 

Artificial Crystallisation. — When pulverised fluorspar, or amorphous calcium fluoride 
obtained by precipitation, is fused in a platinum crucible with chloride of calcium, 
pottissium, or sodmm, and the fused mass is. left UC* cool^very slowly, crystallised 
calcium fluoride is obtained, which may be from the soluble salts by boiling 

with water. It then remains in the form of regular octohedral crystals, a few of 
which are isolated and perfectly formed, while the greater number are joined end to 
end, forming rectangular branches; but the cubic form, which is that of natural 
fluorspar, istuo^ obtained in this way, either alone or in combination with the oo^ 
hedron. 

Such forms may, however, bo produced by operating in the wet wav, namely, by 
heating neutral calcium silicufluorido with solution of calcium chloride for several 
hours at 260® in a sealed glass tube. The. tube is then found to be lined with micro- 
scopic crystals ^of calcium fluoride, having the form of octobedrons more or less modi- 
flocT with cubical faces. The reaction by which they are formed is: 


■ CaSiF« + 2CaCl* -l- 2H*0 = 3CaF* + SiO* + 4HC1. 

Irfistly, calcium fluprido may bo obtained in octohedral crystals, without any cubic 
modifleations, bpr heating the amorphons fluoride with water slightly acidulated with 
iiydrochloric acid, in a sealed tube to 240° for ten hours. 

Mixtures of calcium sulphate and barium fltuyride, either fused with a mixture of 
potassium and sodium chloride or heated with water to 240°, yielded, not separate 
crystals of barium sulphate and calcium fluoride, but a chemical compound of the two, 
crystallised, in prisms. Separate crystals of the two salts were, however, obtained by 
filling the bei^^f a U-tube with water, and placing in one of its arms a loose ping of 
fllt^paper containing gypsum, and in the other a similar plug containing banum 
fluoride, each plug dipping into tlie water, so as to eflfoct a gi^ual dissolution of the 
two sidts, and bring them verv slowly together in the^)tate of very dilute solutions. 
After this-. ■^"'W action had gone on folr'C'Jveral weeki*, barium sulphate was found 
deposited in tabular anJ wedge-shaped crystals, and calcium fluoride in sharp-edged 
euiB's mostly implanted on ..the crystals of baritim sulphate (Scheerer a. Lreehsel, 
J. pr. Chem. vii. 63), 

On Etched ‘Figures on Fluorspar, see Baumhauer {Jahrb. f, Min. 1878, 692; 
Chem. Soo. Jour. 1877, ii. 116). % 

On a Fluid Cavity in Fluorsparr^ee Mallet {Chem. Soc.'Jour. 1877, ii. 144). 

Ofl'the Use of Fluorspar and other Fluorides in Glass-making, see^Gx-sss. 

OluolAnxn Vlaorftlea. Double fluorides of glucinnm and the alkali-metals are 


described by Marignac {Ann. Chim. Phys. xxx. 46). 'With poiasdum fluoride two 
salts are obtained, viz. GF*.2KF. and G^.KF. The former is easily obtained in 
laminar crystals by leaving a mixed solution of the two salts in the calculated pro- 
portion to evaporate slowly; the latter separates in warty ciystalline crusts on 
mixing the solution of the former with excess of glucinum fluoride, and leaving it to 
evaporate. With, soditum fluoride, the twosaltf, GF*.2NaF and GF*.NaF, are obtained, 
the first of which crystallisea in two different forma. The second, which has only 
Hpprozimately the com^sition indicsted by the formula, forms irarty crusts. 

H prita^Tim Sail, 

on* of anlphst*. li s^ori^o™ Sfo™ 
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is obtained, vhich stops the filter and is difficult to Iraeh. A better process is to 
treat pure magnesia with pure hydrofluoric acid, and remove the excess of the latter 
hy heating ^e product to 100^. The precipitate thus obtained is perfectly amorpheus, 
but on heating it to the melting point of caa#>iron, it fuses completely, and on cooling 
solidifies to a crystalline mass made up of small prisms. Somewhat lax^r tabular 
crystals may be obtained by fusing a mixture of the amorpfawus fluoride witli an 
alkaline chloride, and remoTingcthe latter by treatment with water when the mixture 
has become cold. The crystals thus formtbfi are twins, and when examined by pob^ised 
light exhibit the same characters as those firom thmfused magnesium chloride. They 
have been measured by Struever, who pronounces them to be identical with the native 
fluoride, sellaito. The a^stals have a density of 2 '866 at 12^’ ; haifiness iw 6. After 
being submitted to the influeuco of an eloetric current from a KuhmkorfT s coil for a 
short time, and then gently heat^^, they beegsne fluorescent in the same way that 
fluorspar does, omitting a violet light. Sellaito itself exhibits a similar property, 
u8 do also other crystalliiie fluoride^; but neither calcium nor magnesium fluoriae 
in the amorphous state is capahlo of being rendered fluorescent. 

Crystnlline magnesium«fluoride melts at a very high temperature. It is insoluble 
in acids, wdth exception of concentrated sulphuric acid, which readily decomposos it. 
With calcyim, 1>arium, and strontium sulphates it forms readily fusible compounds of 
definite composition. Uoated with aluminium sulphate, it yields aluminium fluorido 
(*V. Cossa, Gacc. chim. it<d. vii. 212). 

BTickel S^uoridea is prepared by dissolving nickel hydrate in aqueous 

hydrofluoric acid. On concentrating tlm ^mlution, a granular mass of crystals sepa- 
nittjs ont. The last portions of water are retained at Sp. gr. 2*014 at 19®. 

The anhydrous fluorlao has the sp. gr. 2*865 at 14®; molecular volume, 13*66. 

When solutions of nickel and silver fluorides aro mixed together and conceutratod, 
t]^o nickel salt utnuilly separates out alone, the silver Milt apparently decomposing. 
In one instance, however, pale applo-grcen needles, mixed with rhonfLohi^lrons, were 
obtained, which analysis showed to Ih> a highly hydrated double fluoride of nickel and 
silver (Clarke, Am, J. [2], xiii. 201). 

Zlne Vlooridn. The sp. gr. of thg liydratcKl salt is 2*607 at 10® and 2*636 at 
12®; of the anhydrous salt, 2*66G at 17 ' and 2*612 at 12® (Clarke). ^ 

2. Non-metallic, Plionptionui Vtnorlde, FF*. This compound, describtMl 
by Davy and by Dumas as a very volatile liquid (iv. 622), is, accoming to Macivor, 
(CArm. xxxii. 268), gaseous at ordinary temperature and ^iif^Hsuru. 

■tlloon nuoiide* By the action of this compound on solium ethylate, ethyl 
silicate is produced : 

3SiF^ + 4C»H»ONa - 2HiF«Na» * 8i(OC»H^)* 

(KHpport, Dsuf . Chem, Qea, Ber, viii. 713). 

Silicofluorides. The /rrrows snf/, 8iF*Fo + O^IFO, is obtaincxl digesting 
iron filings at a gentle heat in silicofluoric acid, dissolving the reHulty^mass in water 
containing a few drops of the acid, and evaporating the solution on the water4nith. 
It forms large bluish-grey hjoLagonal crystals, and in the state of powder has a density 
of 1*061 at 17*5'^; 1 pt. oAhe salt dissolves, in 0*7^ pt. of water at 17*6®; in hot 
water it is somewhat less soldlile.* The ay^ftals oxidise in ipoist air. 

The ccbalt salt, 8iP“Co + may 1 m prepared by dissolving cobalt carbonate 

in silicofluoric acid, or by acting on barium silicofluoriide with iw toiling solution of 
cobalt sulphate. It forms largo red hexagonal crystals, which effiorosce very slightly 
in dry air. In ^e state of powder it has a density of 2*113->2*121 tSt 19®. One part 
of the dystals oissolvesin 0*847 pt. watec^it 21*6'^. The salt is somewhat more soluble 
in hot water than in cola water cF. Htolba, Chenm CetUr. 1876^16). 

On ihe p^paration of Sodium Siiicofluoride and its use in Volkmeteic 
Analysis, see Stolba {Zeiiaehr, anal, Chem, xi. 199 ; Chem, See, Jewr, 187*3, 406), 

romaSlTB. A^mlite, occurring, together wifh desmin and stilbite, in druseT 
of the tourmaline-gnudfe of Elba. It forms rhombic crystals, exhibiting the faces 
oo Fod, eo F OD, OP. and less frequently P, and, so £sr as can bo jjlecided by imperfect 
measur«*ment, appears to be isomorphous with desmin. Bp. gr. «• 2*403 to 2*407®. 
The analytical DambeTs.(A) agree nearly wiUi ilft values (& calculated from the 
formuU Na*0.3Ca0.8Al*0».24Si0».24lK0 : 

gm AJ*0* OsO VgO im ira«o H*0 

A. 41*06 27*40 6*47 0*40 0T7 i'36 16*07 - JOO-46® 

B- 49*27 28*14 6*76 — 2*06 14*78 • 

(O. Tom Bath, Vegg, Jbtm, clii 81), 
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rd^MUST TMBBS. — Un(|«r this head an attempt will be made to bring t<^ther 
the variouB researches on 'the Chemistrj of the Forest. It will impossible to 
describe the many dilFerent bodies which have been found as constituents of trees ; an^ 
account of these must be sought for unde|).their respective names ; the aim will rather 
be, to show the general composition of the different parts, of trees, and the relation of 
this composition to the processes of life and gro\^. We shall consider — 1. The 
Trunk and Branches : 2. Sap : S* Leaf : 4. (The Blossom, Fruit, and Seed ; 
5. The Forest Litter : 6. The Annual Bequirements of a Forest. 

As a good deal of confusion prevails respecting the names of certain trees, it will 
be well to state at starting that the English names of the principal trees referred to 
have the following Latin and German equivalents : 


Beech 

Hornbeam 

Bircli 

Maple 

Hursochostnut 
Larch 
Spruce flr 
Silver fir 
Scotch pine 


Fagus sylvatlca 
CarpinuB Betwlus 
Betula alba ^ 

Acer platanoi'des 
iEsculus Hippocastanum 
Abies Larix 
Abies excelsa 
Abies Picea 
Finns silvestris 


Buche, Hothbuche 
Hainbuche, Weissbuche 
Birke 
Ahom 

Kosskastanie 

LSLrche 

Fichte 

Weisstanne t 
Kiefer 


1. The Trunk and Branccbs. •- 

The proportion of waterinatroo inSreS/ses from below upwards, is greater in 
the branches than in the trunk, and greater in the small branches than in the larger 
ones. Schroeder {Tharandet forstlickea Jahrhuch, 1874, 260) found the distribution 
of water in a ^ppice fir foiled on May 20 to be as follows : ^ ^ 

Trunk with bark 36*16 per cent. I Branches over 1 c.m. dUm. 47*96 per cent. 

Thin end of trunk 60*80 per cent. | Branches under 1 c.m. diam. 61*60 per cent. 

Leaves 62*49 per cent* 

According to Gelesnoff {Jahresh, Agri, ^Ohem, 1878-4, i. 268), the percentage of 
water, after inckensii^ from below upwards, diminishes again at the summit of the 
trunk. Stdckhardt (ih^id, 1864, 81) determined the water in beech and larch at three 
heights in the trunk, operating on trees .felled every month during a year ; the 
percentages found wood and bark were as follows : 



Lower 

Middle 

Upper 


Lower 

Middle 

Upper 

Beach hark : 
Winter . 

40*6 

41*6 

39*3 

Larch bark : 
Winter . 

864 

45*1 

61*6 

SpijHig . 

43*7 

42-8 

47*0 

Spring . 

37*3 

61*9 

63*8 

jivinian . 

42*1 

44*1 

48*3 

Summer 

38*4 

49*2 

41*6 

39*0 

40'1 

40*1 

Autumn 

86*0 

41*5 

47*6 

Boseh wood: 
Winter^ . ^ 

421 

47^4 

46'^ 

Larch wopd : 
Winter , . j 

89*6 

45*7 

60*0 

Spring " . ! 

37 '0 

40*7 

43*6 

Spridg . i 

43*2 

46*0 

48*4 

Summer . 

37*4 

43 7 

47*1 

1 Sun^mer . ' 

37*9 

39*0 

46*0 

Autumn . 

40*3 

43*6 

1 45*9 

1 .^utumn . 1 

38*9 

43*6 

629 


Beech wood is seen to contain its ma»mum of water in the wl iter months ; in 
the spring (March to May), the water in tw wood rapidly ftills to a minimum, while 
at the game time the percenbige o^ water in the bark rises, reaching^ its qriaximnm 
in summer^ Xhiring the growing months the bark contains more water than the 
wood ; during the resting months the reverse is the case. The same general principle 
is seen in the results with larcH. 

T. Hartig {Jnhre^. ngri, Chem. 1868-9, 231), from determinations made oo 
borings 4 ft. from ti}e ground, states that the minimum co^:ents in water occurs in 
autumn before the fall of the leaf. The maximum is in winter in the case of the fir 
tribe; with other trees in winter or spring. With trees bleeding when bored in 
spring, maximum is at the bleeding period. G^lesnofiT determined the water in 
entire trees every month for a year, ^oteh pine gave a maximum (Jannaiy) of 
64‘€ per cent.» and a minimum (May) of 66*3 per cent. ; mean for the year 61*1 per 
cent. Aspen gave a maximum of 66*6 per ^nt., and a minimum (May) of 

48*9 per cent*; mean for the year 62*8 per cent., Birch gave a maximum (May) ol 
66*9 per cent., and a minimum (Beceinber) of 43*6 per cent. ; mean fbr the year 
49*2 per cent. Maple gave a maximum (April) of 46*8 per cent., and a minimum 
(January) of 38*6 per cent. ; mean for the year 42*1 per cent. Hartig noticed a eon- 
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ifiderable diarnal variation daring fine warm the percentage of wafi^ in the 

trank being mach less between 2 and 3 p.ic. than at^anrise. 

A rapidlj ^wing tree will contain much more water than a, tree of the same 
• species which has grown slowly. 

The tissues of a tree are made up otscellulose, morS' or leas inerusted with 
lignose, freqaently also with calcium salts and siU<^^ The older portions of the 
wood, and the epidennis, are the parts containing most ibcrasdln|f matter. JDifibi^nt 
kinds of wood contain very, diffemnt proportions of iaerusting matter, the hardest 
and heaviest woods generally containing most. Hugo Mliller (J^ PJlanffc^aser, 1 60) 
has determined the proportion of oellmose and incrusting matter in various woods. 
After snccmive extraction with water, and with a mixture of alcohol and bensone, 
the incrusttng matter was removed by repeated treatment, first wi\.h bromine water, 
and then by boiling with dilute ammonia; the residual cellulose was then weighed. 
The percentage results obtained were as follows : 



• 

Water 

Soluble la 
water 

Soluble in 
alcohol and 
beuxeiio 

Cellulose 

Inorusttnff 

matter 

InoriistiUK 
matti^r 
for 100 

OOllulOSQ 

Black {*oplar 


12 10 

2*88 

1-37 

62*77 

20*88 

83*3 

Silver Fir . 


13*87 

1*26 

0 97 

66 99 

26*91 

47*2 

Birch . 


12*48 

2*65 

1*14 

66*62 

28 21 

60*8 

Willow 


•11*66 « 

2-66 

1*23 

66*72 

28*74 

61*6 

Scotch Pine 


12'87* 

0 #05 

V64 


28*18 

62*0 

Chestnut 


12*03 

5'4l 

1*10 

62*64 

28-82 

64*7 

Linden 


10*10 

.3-66 

3*93 

63*00 

29*32 

66*2 

Mahogany . 


12*39 

9*91 

1*02 

49*07 

27 61 

66*8 

Alder . . • 


10*70 

2*48 

0*87 

54*62 

31*33 

57 3 

Boxwood 


12*90 

2*63 

0*63 

4814 

36*70 

74*2 

Beach . 


12*67 

2*41 

0*41 

46*47 

.30*14 

86*1 

Oak . 


13*12 

12*20 

0 91 

30*47 

34 ,30 

86*9 

Teak . 


11 06 


3*74 

43*12 

38*10 

88*6 

Lignum Vitae 


1 1088 

6*06 

16 63 

32*22 

.36*21 

]09’2 

Elx)ny 


9*40 

9*99 

2*64 

20*99 

48*08 j 

100 3 


Only woods rich in cellulose are suitSlde as material for roahing piwor. 

Starch is a nearly constant ingredient of the stoma of trrfis. and iorms the chief 
bulk of the n-sorve matter out of which leaves and shoots af6 produced in spring. 
The deposition of starch commences early in summftr, and r* completed at Uio fall 
of the leaf. The tissues characteristically rich in starch are the pnrc>iichynia of the 
bark, the pith-rays, the pilh, and in some cases the f>aronchyma of the wwjd. The 
tissues of the root are frequently rich in starch. In different trees the distribution 
of starch will vary, one description of tissue being richer in aomo trewlhan ii| others. 
In a section of oak, felled in winU^r, the arrangement of the sta^rif nuijr biKj|^inly 
seen by moistening with solution of iodine. \ 

The sugar in spruce wood has been determiuod by Ulbricht (ThOhimJBfit fmt. 
Jakrbuck, 1874, 183). Twa tr^os were^lied ev^ month during ^^ear, and the 
trunk wo^ analysed. 1,000 of diy w(x>a contained thefoll&wing prc>{^/<jrtioiia of sugar : 



8ap wocj^ 



Winter . 

0*33f 

0*10 

0*27 

Spriqg . 

1*30 

063 

0 85 

Summer 

049 

0*34 

0*43 

Autumn 

0*40 

0*1 r 

0*25 


The sap wood clekriy contains a much^ larger proportion of sugar than the heart 
wood. The sugar reaches its maximum in spring, wneii the reserve starch is under- 
going solution. 

Tannin is, with few exceptions, another geiAral ingredient of forest trees. It 
is apparently related to starch, and fuay be formed from starch, or converted into It, 
at different stages of vegetation. Tannin occurs in those parts of a tree which are 
also chiifacteristicaUy rich in starch, ae for ekamplo the inner layers of this bark. 
It is also frequently abundant in young sho^ ^iiia buds, in the husks o# fruit, and 
in various forms of epidermis. The proportion of tannin is generally giQpatMt during 
^rd Sup. 3 F 
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vidtor OF spring* and dimimshd^ considerably in the sanuner months. Stockhardt 
{JaliTetb. Agri, Chem. 1864, 78) ^jtermined the amount of tannin in beech and larch 
bark during eveijr month for a year ; the following table gives a summary view of 
the percentages tannin found in the dry bark : 


Ver cei^ idl^ 


One foot 
from root 


Middle of 
trank 


Thin end 
of trunk 



Beech bark with bast : > 

Highest percentage . . . . 

Lowest peFcont^ige «... 

Mean for the year . . V . 

Larch bark : 

Highest percentage .... 

Lowest percentage .... 

Mean for the year .... 

Larch bast : ■ 

Highest percentage .... 

Lowest percentage .... 

Mean for the year .... 

In every case tne proportion of tannin increases ftrom below upwards, and is 
greatest at the summit of the tree : this was foipid tnio at fdl times of the year. 
The bast of larch is seen to bo far richer in ^imin«than the bark. With beech bark 
the maximum of tannin occurred in winter, ana the minimum in July. With larch 
bark and bast the minimum was found about December ; the maximum, in the case 
of bast, occurred in April or May ; with the bark the maximum was irregular. 

The percent^^ of tannin in the dry substance of various parts of the oak is,^ 
according to T. Hartig, as follows : 

Heart wood — tree 160 years old; winter . 12-14 percent. 

Old Bark • . . 10-14 

„ „ the outer layer . , ^ , 6 „ 

,, „ tfue middle layer .... 12 „ 

,, „ the bast layer .... 14-18 „ 

Young bark (Spiogolrindo) , . c • . 9-18 „ 

Brush wood ; *l^ovember to en<l of February . 11-16^ „ 

. „ „ 3fay to Juno .... 4-7 „ 

Young shoots and buds; beginning of May 24 „ 

According to Handtko the last year's shoots of oak yielded on April 23, 7*83 per 
cent, of tannin; this gradually incrotised to 14*85 per cent, on July 0, after which the 
percentage diminished. In valonia, the acorn cups of Qitercus JEgilops, the 
centage of taAnin is about 18-27. In Levant nut-galls, the excrescences on the 
3 ^ung shoots of infeotoria, the tannin is about 50-60 per cent. For further in- 
formation, see articles — G all-nuts, Quisbcos, Tannin, in this Dictionary. 

The dis^bution of rosin in trees has been little ihVostigated. Ulbricht has 
determined r bsin present in ^rucelllre'^grood at di^eidnt times of the year; as 
resin he includes all organic matter soluble in alcohol, but not in water. 1,000 of 
dry wood contained : ^ ^ ^ ^ 




fc. 

Sap wood 

Heart wood 

^tiro wood 

Winter^. 

c. 

19*66 

22*99 • 

22*13. 

Spring . ^ . 

. 

17*81 

20*41 

•19*11 

Summer 


19*87 

22*35 

21*08 

•Autumn 

• ' 

‘ 20*24 

21*58 

b 

21*37 


The heart wood is thus richer in resin than the sap wood,* The maximum per- 
centage of resin is apparently in winter, and the minimum in spring; the details are 
irrt>gular. - ^ ^ , 

Few determinations have been made of the nitrogenous ingredients of wood. 
The most complete series of analyses is by Schrooder and Karsten* (Tharandtr 

* ‘ • 

* TbfiM Optorminationa were made byf^coiabuation with aoda-lime, ooUectina the .ammonia in 
hyilroolilorto acid, then ovaporotins: to dryness the add U^nld, aud determining the chloride of 
•linmonium In the reddne with a standard sointion of stiver. 
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f^stlifihes JaAriwcA, 1874, 70, 179). Sehroeder dot^rmined nitrogen in eTory 10 year- 
rings of an 80’yoan old beech tree. In the youngs 10 rings the nitrogen amounted 
to 0*22 per cent, of the dry wood ; the older wo<^ was rathj^ poorer in nitrogen, but 
there was no regular gradation from th^ieur to tile old wood. The menu per cent, 
of nitrogen in the sap 'wood was 0*17, ana in the heart vood 0*18. ‘ The piopi^ion of 
nitrogen was much greater in the w<^ of the braiicheaAncr^|i!l«ing; as tbey diminished 
in size ; it was also oonsidei^ble in the bark, ^^roedor found the following j}en» 
oentages of nitrogen in dry oeech wood and b^k : 


Trunk wood, without bark «* 0*18 

Stout boughs ... 0*2A 

Boughs 7"2*6 cm. diam. without bark 0*82 

„ 2 5-10 „ . 0*60 

„ 1-0*5 „ „ • . 0*G8 

Bark from trunk • ^ ■ • . 0*56 


In the case of spruce fir, Karstoii determined nitrogen in trees folfod eveiy month 
during a year ; in the same specimens Utb^cht determined the proportion of nitrogenous 
matter soluble in water; 100 of diy trunk wood yielded, on an average of two trees, 
the following percentages of nitrogen : 


j 

\ Ttttal nitro^ron j 

L. . . .. i 

Holublo nitruRcu 

■4 • 

Sap wodi 

Heart 
tf 4hoa 

Kutlm 

wood 

Bap wood 

Heart 

WCMXI 

Kiittm 

w'cxnI 

Winter 

01 50 

0*184 

0*171 

0*0150 

0*0080 

0*0130 

Spring t 

0*169 

0*141 

0*154 

0*0052 

00023 

0*0030 

Summer 

0 201 

0-265 

0*259 

00128 

0*0062 

0*0090 

Autumn j 

U'197 

0*167 

0*183 

00137 

0*0046 

0*0090 

Mean for the y<jar j 

0*194 

04 89 

[ 0*192 

(>*0116 

00053 

0*0087 


The sap wood contains scarcely more total nitrogen than the heart wotnl, but a 
more considoniblo prf>portion of this nitrogen exists as soluble conijiounds. The 
soluble nitrogen is at its innximum in t^'ntcr, and at its mitiimupi in spring time when 
active growth has commenced. The total nitrogen is at its maximum in summer., 

O. Lehmann JcAer^n^nn, IH69, 118) fouml in freck sawdust from spfuce 

fir wofxi, 0’67 per cent, of nitrogen, and in sawdust from Sco^h pine, 0'63 per cent. 
Those results are much higher than those of .Schro<?der mid KarHt4>n. 

Ash constituents occur in very different pniportiuns in the various parts cif a 
trea The circulating ash constituents, which act ns plant food, are ronrerilnired ftt 
the actively growing tissues; the incrusting ash eoiiHtituents, on fliio other hand, 
accumulate with advancing age, and espiH'ially in the surface tisSiei^of the tree; the 
variations in the p<*rcontage of ash are thus duo to very difllerent ntuses. Wood con> 
tains much less ash tha% bark, and this i^pvin loss than tlio loaves. Young wood 
generally contains more asb tlyn old wogd-' It ffilows that the perceu)jige of asb ill . 
the trunk rises from below upwards, fhd that l^ncheiecontain TjfSn^ash than the 
parent stem, the Hmaller branches being again richer in ash than the laiger ones. Of 
the bark, the inner bast layer is much the richest tti ash constituents ; young bark 
will thus yield more ash than the thiedt bark found on older par^ of the tree. The 
ash of the bt^*k is always greater tbai^hat of the wood it covers. 

The following percentages of erncS ash «were fuujgl by StoOkhardt and Ilandike 
(«7aAr«^. Agri, Ch^. 1864, 81) in dry wood &d bark takeft at various heights of the 
trunk; 


Cnute Sib in 100 of 


Upp4sr ji Cnhie Mb in 100 of 


UppJr 


I Beech wood 
Larch wood 
Spruce fir wood^ 
quickly grown 
fir wood, 
grows 


0*43 

0*45 

0-67 

027 

0*30 

0*87 

0*32 

0*33 

0*41 

0*35 

0*39 

0*47 


I Beech bark 
I liorgh bark 
(I Spruce fir bafk;j 
|; quickly grown j 
li ^Ipmco fir bark, j 
|i slovly g r own | 


3*90 

8*30 

S'OO 

1*25 

1 76 


3'66 

3*01 

S-fiO 

4-77 

4*29 

t4’6S 


The results obtained by r! Weber {Jakreab. Agri. Cham. 

3 F 2 


l87S-4ri 246) in his 




heights in the trunk wood and bark of beech and larch every month during a year. 


The following is ^ summary of his results ; the figures represent Uhe proportion of * 
crude ash in 100 substance : 



Lower 

-Middle 

Upper 

« 

Lower 

Middle 

Upper 

Beech bark; 
Winter • 

3‘40 

2*60 

2*31 

Larch bark ; 
Winter , 

1*04 

1*75 

2*33 

tipring • 

5*86 

4-39 

4*40 

^ Spring . 

1*40 

2*10 

2*18 

Summer . , 

fr20 

3*'ao 

V 

oai 

304 

2T>8 

Summer 

1*27 

1*70 

2*11 

^ #.utumn « 

303 

2*39 

Autumn 

1*06 

1*34 

1*93 

Beech wood ; 
Winter . 

0-46 

0*67 

Larch wood: 
Winter , 

0-2& 

0*32 

0*41 

Spring . 

0*45 

0*43 

0*47 

Spring . 

0*27 

0*33 

0*38 

Summer . 

0-44 

0*40 

0*65 

Summer 

0*25 

0*26 j 

0*33 

Autumn . 

• 

0*43 

0*46 

0*62 

Autumn 

0*29 

0*30 

0*41 


We shall better understand these results if we first compare the results obtained 
by Schrtoeder with spruce fir : 


Pure nsh ftht^ parte of dij' fir wocS 

wood ^ 

deart wood 

BntJro wood 

Winter . . . 

Spring . *1 . . • . 

Summer 

Autumn 

V ^ 

0*2427 

0^2364 

(^288 

0*2488 

0*2270 

0*2319 

0*2317 

0*2404 

0*2304 
0*2335 
^ 0*2281 
0*2449 

k 

Mean for thokycar 

. 6*2392 

0 2328 



"^The ash is at its maximum in sap wood in autumn and win(or, but in the bark 
the ash is at its minimum at this period ; in the old wood it also reaches its mix^mum in 
winter. In spring the ash in the sap wood falls, and at the same time rises consider- 
ably iii the barli^ in the innermost la^er of which active growth has commenced ; the 
ash atlBO rises to a less extent in the old wood. "Bj summer, both the sap wood and 
‘ bark have reached their minimum, the circulating ash-coDstituentii having been trans- 
. forred to the leaves. When the leaves wither, a portion of the ash-consUtuents is 
again Scored up in the sap wood for use io the ensuinn season. In St<icl!hardt*B 
experiments*^ the upper and younger pitrt of the trank exhibits the character of sap 
wood, and the4ower and older portion the character of heart wood. 
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The proportion of aBh-congtitnente in any mo is depwdent to a oonsiderahla 
ej^nt on the character of the soil and climate. Ih tree mwiug in the rich soil and 
mild climate of a valley, will contain in its tissn^ a ^ laiger proportion of einereal 
matter than the same description of %ee |nK>wilg in an elevated mountain region. 
The influence of the soil upon the character of the ash will be iUustn^ed further on. 

We turn now to the composition of wood and hark ash ; a selection of analyses 
will be found on the next jjage. Koe. 1-21, bM 33<^34, are taken from K. Wolff's AicAen 
Anali/sett] Nos. 22-32 am from the Thar<mder forstUches Jahrbuch, 1874, 68, 274, 
Analyses 3-6, 7-16, 16-21, 22-23, 24-32, and 33-34, are respectively comparably 
among themselves, being made either on different parts of a single tree, or on trefi 
taken from the same plantation. The birch tree was analysed by Schroder ; it WM 
felled towards the end of August. The analyses of spruce flr (22-32) are also ty 
Schroeder. The first series (22-23) are a tree felled in February. The second 
tree was analysed in all its parts; it was 90-100 years old, and was felled in May.‘ 
The* pure ash’ is the ash remtining after deduction of carl>onic nci<k sand, and 
charcoal. The carbonic acid given in Nos. 7-16, and 24-32, includim sand and' 
charcoal. Alumina i|^ an ingredient of several of the ashes in tlie table, though not 
mentioned there ; it is particularly largo in the ashes of the spruce fir analysetl by 
Wittstein. The three wood ashes <16-18) gave respectively 1*09, 0*90, and 0*33 per 
cent, alumina, and the three bark ashes (19-21) 12*20, 5*67, and 4*46 per cent. 

The jpercentoge composition of an ash merely teaches us the proportion in which 
the various eonsti^ents stand to each other, and throws but little light on the 
proportion or distrioutioiftof asl^constituents in the plant. Some local circumstance, 
as the presence of much mangSness sr soluble silica in the soil, will sufilco to alter 
completely the percentage of phosphoric acid or potnsh in the asli, while the jiropor* 
lion of these important elements in the dry matter of the plant may remain quite 
unaffected. We must, therefore, regard not only the percenbigc comj^sition of the 
ash, but also dhe proportion of ash-constituents in the dry substaucti ox the wood and 
bark. i 

Good illustrations of the difference in the ask conteti^ of bfa and new wood tind 
bark are afforded by B. Web''r‘e analyses of the vnn6ul layers in the trunk of a 
larch ; by Schroeder's analyses o* sop and heart wood from a spruce flr ; and by his 
analyses of the outer and inner layers of bark from ilio same trof The figures given 
below for spruce flr wood the mean of four analyses of troos felled in each quarter 
of the year. 1 0,000 parts of drj* sub^nce contained os follows : 


K*0 NaH) CaO BlgO F«*0*^*0* P*0' So" 


Larch : 

Heart wood . • 1*23 

Sap wood . . 6*46 

Cambium and bast 108*60 

Spruce fir: 

Heart wood . 3*43 

Sap wood . . u 4 68 

Outer bark . . ^ 4*80 

Inner bark . . 32*20 


0*26 4*83 

0*60 89& 

19*20 228*10 


1*32 0*47 
1*82 0-96' 
17*90 1*40 


6*69 2*26 0'12; 

6*68 2*02 0*22 
.63*30 #4*10 6-60 


14*90 t *00 33*3 


>•36 0*24 
1*76 0*26 
!'80 3*00 

1*08 0*49 
I 86 0'88| 
S*30 8*80 
1*60 1*40 



It is evident that ns new tissu^ matures, the circulating ash-constitaonU aM 
gradually v^^dnswn, and made to serve anew in fresh cell fepantion. The same ash- 
constituonts thns serve over and oydf again in the production of organised nmtter. 
The most striking difference in the ash coiSftnts of hear^ and sap wood lies in the 
propbriioneof phosphoric acid, which is nine or ten times greater in the ^oung wood 
than in the old; the sap wood also wntains a la^er proportion of^jiotash. When 
we turn to the cambium — the layer of tissue in which growth is actively in process — 
we find all the aJh-constituents in very large proportion, the phosphoric acid and 
potash^ire especially about one hundred times greater than in tne heart wood. The 
younger layers of bark of the spruce flr are also much ricbef in osb-constitoeof s than a 
the old exterior layers ; these latter contain, hqprever, more silica, iron, and Sll|phuric 
acid, hlangancse appears to foig^ part of the circulntinS ash-constituents, siid is , 
most abundant in young tibsue ' 



Amlysea of the Ash of Wood and Bath. 
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Stockhardt has detormined tre phosphoric acid in the wood and bark of a beech 
tree during a irhole year, and at^rarioua heights of the trunk ; the average quantities 
:found were as follows ; \ 


Phosphoric acid in 100 parts of ash. 



Lowcar 

Middle 

Upper 

•Beech wood , 

5-74 

707 

13-43 

Beech bark . 

3'80 

4-68 

5-58 


Phosphoric acid in 10,000 of dry substance. 



Lower 

Middle 

Upper 

Beech wood . 

^ 2-51 

3*18 

7*49 

Bccch bark . 

, 14-82 

15-25 



Piiosphoi'ic acid thus increased in the trunk irozn below upwards. Phosphoric 
acid is always found concentrated in those parts in which growth is prOceMiDg ; 
it is found in larger proportion in the branches than in the trunk, and increases in 
the branches as they diminish in diameter. This variation in the proportion of 
phosphoric acid is generally sufficient to affioct distinctly the percentage ooiftposition 
of the ash. 

Potash is also abundant in young growth, but this is not invariably seen by the 
percentage composition of the ash, though alway?< evideLt when the composition of 
the dry substance is regarded. The porcenteg^of'-potash is affected a good deal by 
the composition of the soil ; on a calcareous soil more lime and less potash will be 
found in the ash. 

Since young stems, branches, and twigs, are so especially rich in ash-constituents, 
and particularly ic. those most important ones, phosphoric acid and 'potash, it follows < 
that it will ho fair more exhausting to the soil to grow pole or faggot wo^ than to 
produce full-sized ■ timber. Ebormayer {fiesammie Lehrs der Waldstreu, 112) calcu- 
lates that 1 cubic rnete^ ^ large logs {8chettholg)t small logs {JPrugdhols^ and 
faggot wood {lReidghQlz\ will contain respecStiyely in grams the following amounts of 
asn-constituents 



Those figures deduced from a limited sorios of analyses, and must not be taken 
too absolutely as expressing the actual requ^emonts of different trees ; they plainly 
show, diowevor, the far greater exhalation of the soil which attends the frequent 
cattily young wood, than by the cultivation of full-sized timber.^ Nature is 
espoeiatly careful to preserve un^minishod all the more valuable ash^^nsbituents. 
Skwooder has shown that when a bough naturally withers upon the trunk, the 
ffMater part of the phosphoric a8id and potash are rosorbed' into the parent stem 
b4tiMN» the bough falls ; the lime and silica are not thus cared for, but remain in the 
Withered branch. * ^ 

Bark always contains, in relation to its dry substance, a greater quantity of all the 
ash-constituents than wood it covers, the proportion of the ash-constituents to each 
other is, however, different from that in wood. In bark ash there is generally a smaller 
percentage of potash and magnesia, and a larger proportion of lime, silic^ and perhaps 
alumira, than in wood ash. The outermost layer of bark is especially rich i» silica. 
Beech l^L possesses a remarkably, jwrfect skin of silica, and may, aocording to 
Bbormayer, burnt without destroying the forma of the colls. Many trees, as 
maple and dm, have a similar but loss perfect coating of silica. This sUiceons skin 
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doubtless important as protocting the stem fnom tlK^^iflltnition of water, and from 
the attacks of fhngi and insects. Ihe ash analyse^O^ spruce fir ^ven in the table, 
* page 807, show that the percentage of c&lica in ash increases with increasiim 
age, while the percentage of lime dimini^es. Fir^timber grown on a siliceous sou 
is reckoned more durable than that grown on a calcareous soil. 

Manganese is generally found in the ash of trees if pr^nt in the soil upoz^ 
which they have grown ; the quantity is extremely variable, but is sometimes veiy 
large. Berthier found in thb ash of oak ba» 1 1*88 per cent. Mn*0*; BottiiSger^in 
the ash of larch wood 18*5 per cent., and in wood^from a Scotch pine 18*2 per cent. ; 
while Schroeder has found as much as 32*77 per cent, in the ash of spruce fir wood. 
The proportion of manganese is genemlly much smaller. Leclewfs determinations 
in various woo^ will be found in Jahresb. Agri, OAcia. 1870-2, ii. 21. Manganese 
exists in trees in a soluble form, probably* as salts of manganous oxide. 

Carbonic acid is a large ingredient fii the ash of wood ; it represents, in tlie 
absence of much silica, the organic acids originally united with tlio Imisos of the ash. 
The proportion of bases combined with organic acids is apparently greater in old 
wood than in young. 

We will conclude thfte remarks on tho distribution of the ash-constituents in a 
tree, by giving the results obtaimd in Schroodor's admirable investigation of an 
entire splmce lir felled in May. 10,000 pirts of dry substance contained as follows : 



K*0 1 

Ha’O 

CaO 

M«0 

ro*o*| Mu 1 >* 

PHV 

60- 

BIO- 


0 









Wood : 

1 

• « 

# 







Trunk wood 

3*45 

0-08 

6*73 

1*58 

01 3 

3-80 

0*42 

0*19 

0*50 

Ditto, upper portion . 

6 12 

0*51 

8*95 

2*56 

032 

6-60 

1*21 

0*31 

0*49 

Wood fronoi •bunglis ) 
over 1 cm. diam. ( 

6*28 

0*47 

12*30 

3-61 

0-31 

7 32 

0;tV3 

0*44 

0-52 

Bark ; 










Trunk bark 

11*67 

2 90 

71*07 

7*25 

0-W) 

17*86 

5*94 

3*01 

11*48 

Ditto, upper portion . 

38*35 

i*70 

^7*34 

15*60 

4-14 

24-72 

11 66 

3*21 

16*17 

Bark from boughs ) 
over 1 cm. diam. | 

34 12 

12*63 

*117*23 

19-01 

7-28 

33-08 

13 18 

3*18 

30*14 

Boughs with barkf 

13*49 

3-61 

39*58 

7-02 

2-12 

14-23 

3-HH 

1*15 

10-65 

over 1 cm. diam. > 


[ • 






Boughs with barkl; 

33-79 

3*52 

41*42; 

13 05 

8-93 

16-141 

17-21 

5-85 

48*67 

under 1 cm. diam. > { 

1 



29-jb 



Loaves , . . j 

40*61 

1*12 

45*15 

1 

19-29 

4 20 

35-64 

15-13 

1(5^26 


The leaf contains in relation to its dry subsUmoi' tho largest prriportion of potash, 
magnesia, phosphorio and sulphuric acids, chlorine, and silica. The bark of the 
small boughs is richest in soda, lime, ferric oxide, and manganese, l^ie trunk wood 
is of the whole tree tho part poorest in a’-h-c^oiistitumits, v, 

Schroeder has made tho results still moro striking by reckontilg the total rimoiint 
of each ash-constituent 100, and showing the distribution of these 10(» parts 
throughout the tree ; tho ftj^lowing are tl:^ figures^ 


Trunk wootl 
„ , bark . 
Boughs with bark 
Leaves . • 

Entire tree 


Dry 

fitancG 




MifO 


76*0 

•10*6 

S*3| 

5*1 


23*0!; 

26*3 

18*7j 

'ii 


18*1 

21*7 

26*2 


l| 28^21 

321 


38*8; 

0*7 

1 lo-J 

41-5; 

21*6] 

47-94 

25*4; 

19 0; 21*8 

1 I8*3i 

20*7 

28-0( 

16*5; 

20*0 

f6*7 

1] 12*6! 25*6 

! j 

Kfl 

19 3l 

51*^1 

52*4 1 


8 * 2 ; 

1«*5| 

i5'o; 

70*4 


^loo-oj loo ojj 1 U 0 * 0 ) 100*0 lOO Oj lOO-Ol loo oj lOO*o| 100 * 0 | 


The dry matter of the leaf is only 5*1 per <^nt. the whole tree, yet the jiea 
contains nearly one-thfrd of tho ent||*o ash, more than half ihe whole phosphoric 
and sulphitric acids, and nearly three-quarters of tho silica. Lime^ and iron are seen 
to be i^iefly concentrated in the bark. Tho trunk wood contains a oonsiderable 

* All tlic figures relating to Hc>iroo(lfT*s inY43i(tlgatior^ot Kpruoe fir ars takm from ftta T^4Mnam4er 
forUiicha 1S74 ; them flgnfm differ In uanj romecte from thorn givenfgtlw QktmUehg 

Adtersmannr 1S73. The imblicatton of later date Is adopted as prosnznably mors oorM. 
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fraction of the ash-conatituents Vnly in the cases of manganese oxide, potash, magnesia, 
and lime. The difference in ooCi^nce of iron and m a ng a n ese is very striking, the 
first being found chiefly in the iTirk, the second in the irood. ^ 

The iteration in the compo^:ion of ash at various seasons of the year has 
been studied by Schroeder in the case o^spruce flr wood, and by Stockhardt, as far 
as phosphoric acid is concerned, in the case of beech wood and bark. Neither of 
these investigations Kas led to particnlarly striking results. Nearly all the ash- 
consticuents of wood are at a minimhm in summer tiine, having been more or less 
transferred to the growing shoots and leaves. Manganese is apparently an exception 
to this rule, as Schroeder found it most abundant in August. Staffel's analyses of 
the ash of one-yea^ shoots of horse-chestnut in May and September will be found in 
this Dictionary, iii. 174. 

The influence of the character of the soil upon the composition of the ash of trees 
is well illustrated by the investigations df Fliche and Grandeau {Ann. Chim. Phi/s. 
[4], xxix, 383 ; [5^, ii. 354). They observed tkat the sweet chestnut, and certain 
pines, did not flourish in a part of the forest of Ghampdtu, where the soil was calcareous, 
though perfectly healthy where the soil was of a siliceous ^aracter. The following 
are ash analyses of small branches and leaves of chestnut, and Pinus Pinaster, grown 
upon the two soils in question : 




I*inus Pinaatt^r, 
small branches 
with leaves 

Chestnut, 
small branches , 

Chestnnt 

leaves 



Siliceous 

soil 

<1 

CalcaroouB 

soU 

SilicooiiH 

soil 

Calcareous 

soil 

Siliceous 

soil 

Calcareous 

soil 

Ash, per cent, ^ . 

• 

1*32 

1-64 

4*74 

5-71 

-■■t-SO 

7-80 

Potash 


16-04 

4-95 

11*65 

2*69 

21*67 

5*76 

Soda . 


1-91 

2-52, 

— 

0-28 

3*86 

0-66 

Limo . 


4()'2() 

56*14 

r 73-26 

87-30 

45*37 

74-55 

Miignesia . . 


20-09 

18-80 

3!)9 

2*07 

6-63 

3-70 

Ferric oxide 


3-83 

2*07 

2-04 

1-27 

1*07 

0*83 

Phosphoric acid . 


9-00 

9-14 ^ 

4-53 

4*27 

12*32 

12*50 

Sulphuric acid 

V • 


— 

1*43 

0 64 

2*97 

. — 

Silica - 

' , 

9-18 

6-42 

3*08 

1-36 

5*79 

1*46 

Oldoriue 

- 

1 . 

— 

— 


i 0*08 

0*30 

0-52 


It is soon at once that the ash is in all cases greater in quantity on the calcareous 
soil ; but contains loss silica, far less potash, and more lime, than the ash of the 
same tree growjng upon the siliceous soil. Further illustration of the effect of soil 
and climate npo.u ^le character of the ash will be found in It. Weber's researches 
(JaJ^riisb. Atj'ri. vhem. 1873-4. i. 245) on the composition of larch wood and loaf at 
different altitudes. The subj^Kiit will al;K> ho again rofemd to under the head of 
‘ The Leaf.’ 

Schroeder^Jli'u: made an inyesti^tion upm^the solubility of the ash-constituents in 
spruce fir {Tharander forstf. Jahrbnch, 1874, 52). Spruce fir sawdust yielded to cold 
distilled water about 23 per ceiV*.. of the total ash which it contained, the part dissolved 
consisted chiefly (72 96 per cent.) of potash ; t^io sawdust lost in this way 75 per cent, 
of the potash proven sly present A log placed in runnii^^ W'ater for twd^years, showed 
a similar loss in potash, and also a striking IoITb in manganese.. The sap wood of the 
log lost 32 per cent, of iV> entire ash, fife heart wood 10 per cent. In the sap-wood, 
84 per coi.t of the potash had been removed, and 72 per cent, of the** man^nese. 
Th^e heart wosd lost 71 pec cent, of its potash, and 51 per cent, of its manganese. 
There was also a loss oi sulphuric acid, and a gain in lime and iron. Schroeder 
carried the investigation further by treating spruce flr sawdust with a solution con- 
taining the chlorides of potassium and calcium. To this solutio^ the wood fielded up 
all its pcitaah, more than two-thirds its magnesia, and nearly half its manganese, 
absorbing at the same time frorri th** solution a very considerable quantity of lime. 
It is evident from these ^experiments that the pqfash of wood exists in the form of 
soluble, probably org^ic. s^ts, and that tho woi^y tissue has for these a very small 
retentive power. It is quite otherwise .with respect to lime ; this exists in the wood 
as insdkuble salts, and wockI exhibits for lime a considerable al)sor^tive and. retentive 
power. It hs probable that the orgaihc acids of woq^ form with limo insoluble com- 
pounds, and that for this reason lime is able to displace the other basest as shown in 
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Schroeder 6 last quoted experiment. The effect of floating timber down a river is clear^ 
to remove a large proportion of potash from the wood. ? 

• , 

2. Tiih Saf. 

The chemistry of the sap has lK>en investigated only in the Ibuie of birch, maple 
and hornbeam, trees which bleed Hf cut in early sjfHng. J. Schroeder has exparimohted 
with birch {Jahresh, Agr, Chem, 1865, 157). and with birch and maple {Ukd, 1870-2, 
ii. 149). A. Beyer has iurestigatod the sap of bircR and hornbeam (ibid* 1865, 167 ; 
1867, 109). 

Schroeder states that in birch the transformation of starch into sugar begins 
in the parenchyma of the Imrlc, the upper branches being the part of the tree first 
affected, and the trunk wood and root the paAs where starch is longest hold. The 
change into sugar is apparently comn^nced by the influence of the sun*s rays, and 
precedes the rising of tlie sap. On Fob. 3, no su^r was found in borings fhim the 
trunk and root of a bircli. On March 12. the borings yielded sugar. On March 17* 
the borings were found moftt and sticky, and seven days later the sap b^an to flow. 
Sap can first bo obtained by a boring in the root ; it then rises gradually in the trunk 
at the rate^f about 1 meter in two days. When the highest point has been reached 
at which bleeding will take place, the flow of sap begins to diminish, gradually ceasing 
from above downwards, and continuing a short time in the root after it has ceased in 
the trunk. With birch, 4Lcedmg begiiiS nt)out a week earlier, and continues about a 
week later than with maple. The wolo [feeding period srith birch is . about six or 
seven weeks. * 

The principal ingredient in spring sap is sugar. In birch sap the sugar is 
Isevorotatory, uncrystallisable, and easily soluble in hot 95 per cent, albohol. In the 
s(^p of hornbeam, msimilar sugar is present. In maple sap, on the other hand, the 
sugar is wholly cane-sugar. The percentage of sugar in biwdi sap was found by 
Schroeder to vary between 0*34 and 1*92, and that in maple sap from 1*15 to 3'71, 
Beyer found in hornbeam sap 0*46 per cent, of sugar. 

The percentage of sugar m the sap flowing from any part of the t runk reaches its 
^ maximum very soon after blooding conftnences, and then diminishes till bleeding 
ceases. Thus sap from a boring at the foot of a birch tree commenced running on 
April 5, it then contained 1*26 per cent, of sugar. On April 9 the sugar had reachtsi 
1*40 per cent. From this point the (percentage of sugar uiminishod to 0*69, which it 
reached on May 22, when bloeiltng stopped. The quantity of 4 pgar in the sap is 
increased in the earlier part of the season by a rise in tomporaturo. The percentage 
of sugar falls rapidly as soon as Icsaf buds Wgin to develop, and tno stage of develajP^ 
mont reached Ijy the leaf forms an excellent indic;itlon of the coiiifltion of the sap. 

The part of the tree yielding the sap richest in su^r is differently situated ih 
birch and maple. With birch, the richest sup is obtained from some point in the 
trunk between the root and the principal branches ; above this point the percentage of 
sugar rapidly diminishes. Thus on April 14, sap from the foot of trunk con- 

tained 1*39 per cent, sugar; at 3 meters height 1*60 per cent. ; and ^ 7 meters height 
0*74 per cent. As the seaso^ advances, the point of maximum sugar falls lower and 
lower in the trunk, bnt never enters the root. In die root the percentage of sugar 
decreases with the distance Troift the Witfi maplp, on the eidaff hand, the 

richest sap is obtained from the highest borings, and the sap of the root is richer* 
than that from the lower part of ^.ne tnink. Tlie difference lietween the two trees is 
to be attributed partly to the greater stoqp of reserve starch contained in maple, and 
especially in the;thinoer branches forming the extremities, but is aliA doe to the fairt 
that leaf buds are not developed in roaplc^ill bleeding ceases. There is thus in maple 
both a greater production, and a smaller consmi^tion of sugar during the bleeding 
period, add beffco the sap gains in richness as it ascends, and, unlike the sap Of birch, 
maintains the same percentage of sugar till nearly the end o^the bleeding'period. 

No detailed investi^tion seems to have been made upon the American maple,* 
A. naccharinum. The tep is variously stated to contiun 2 and 6 per cent, of sugar. 
The Canadian trees yield an average of 4 lbs. of sugar each. 

Of the presence of carbo-hydrates other than sugar no definite evidence exists. 
The sap of the three trees investigated was alway%^dr with malic acid. *A litre 
of birch sap, from near the foot of thg trunk, contained on April 11, 0*3324 gmm of 
malic acid ; the quantity gradually rose to 0*6071 gram on April 27, and then fell to 
0*8459 ^ 

^e amount of albumin (determined by boiling the sap) rises for a s^rt utns 

* The dotes and nipraYWi refcorliia to iSreh are Crmu tlie ftv. 131, 138L 

The J m kr €$fet hki gives the iouue S^orew bat with different <Utn» | 
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alter bleeding commences, avd then falls more rapidly than the sugar. Schroeder 
found in 1 litre of birch and iveple sap, taken near the foot of the trunk, the following 
quantities ib grains ; * o 


Birch sap 

Y 

Albiimin 

^ — 

Sugar 

Maple sap 

A Ihnmin 

Sugar 

April 10 . 


14*0 

April 5b . 

0*0186 

28*9 

April 16 . 

0*0330 


May 3 . . . 

0*0238 

24*9 

May 1 . . . 



May 7 . . - 

0*0162 

23*2 

May 19 * . . 

■IIIH 

9*4 

May 16 . . , i 

0*0070 

19*2 


The quantity of nitrogen in sap far exceeds that of the coagulable albumin. 
Beyer found in 1 litre of birch sap 0*0k2 gram of albumin, but 0*238 gram of total 
nitrogen. A litre of hornbeam sap yielded Cb224 gram of nitrogen. Calculated on 
the dry matter of the sap, the total nitrogen was in the case of birch 1*9, and with 
hornbeam 3*4 per cent. Ammonium s alt s, and a ciystallisable body which appears 
tobeasparagin, are among the nitrogenous substances firesent. 

The total ash-constituents contained in the sap increases rapidly in the case 
of birch after bleeding has commenced, and falls but little towards tho^ end of the 
bleeding period. Thus a litre of birch sap, taken near the ground, contained on 
April 11, 0*60 gram of ash; on May 2, it had reached its maximum of 1*08 gram; 
and on May 18, at the end of the bleeding period, it. liad fallen to 0*97 gram. The 
proportion of. ash is greatest in the sap frq^^tho<- lower part of the trunk, diminishing 
Ijoth in the liighor parts of the tree and in the root. With maple, on the other band, 
the percentage of ash does not apparently diminish at higher parts of the trunk, and 
it is greater in the root than in the lower part of the trunk. The distribution of ash 
in these tree^ is thus similar to the distribution of sugar, and is doubtless in ptrt 
duo to the different period of leaf development already noticed. It is evident that 
sap must become more concentrated in the higher parts of a tree, by the evaporation 
of a portion of its water ; if, however, the soluble matters are at the same time 
removed to form tissue, the sap may bec<Jii[j.e weaker. 

The nature of tho ash yielded by birch sap, and its variation at different heights 
and dates, wilt be seen from the following results obtained by Schroeder. Tho lower 
sap was taken at 0*28 meter from the ground, the upper sap at 7*33 meters. The 
root sap was from ^ point 2*9 meters from fho trunk ; the trunk sap, taken the previous 
day for comparison, > was obtained 0*2 meter from the ground. 10 litres of sap con- 
tained in grams : 


Birch sap 

o 

i- 0 

April 18 

April 23-23 

AprUSO 

Hay 9 

May 10 

Lower 

sap 

Upper 

sap 

Lower 

sap 

Upper 

sap 

Lower 

sap 

Upper 

sap 

Tnmk 

sap 

Root 

sap 

Total crude ash . 

5*20 

2*90 

8*20 

4*20 

^11*40 

6*40 

8*70 

6*80 

Potash . ' . . 

0*848^ 

0*873 

''6>8e3 

1*009 

1*000 

1*298 

1*404 

1*602 

Spda .... 

0*109 

0*078 

0-107 

Q;078 

0*235 

0*116 

0*279 

0*272 

Lime .... 

1*6.27 

0*456 

3*180 

1*166 

4*630 

1*423 

2*640 

1*686 

Magnesia . 

0*403 

0*204 

0.706 

0*360 

0*476 

0*434 

0*973 

0*647 

Ferric oxide 

0*011 

0*006 

0*031 1 

0*011 

0*046 

OOW 

0*086 

0*067 

Phosphoric acid 

0*262 

. 0*222 

0^60 

0*266 

0*862 

0*290 

0*291 

0*335 

Sulphuric acid . « . 

0*104 

0 061 

— 

— 


— 

— . 

— 


The fir4c six analyses refer to the period in which tho total ash increases in weight. 

.. The increase in the lower sap id chiefly an increase in lime and phosphoric acid ; the 
increase in tho upper sap is principally lime and potash. The sap in passing from the 
lower to tho upper part of tho trunk loses a portion of each ash-constitiieut, except 
potash, ^the loss being greatest in the case of lime and phosphoric acid. The missing 
ash-constitnonts have doubtless Issen appropriattHl to the constmedon of new tissue ; 
their diminution is most marked at the ia^t date, when loaf development had 
probably commenced. The increase of potash in the upper sap is certainly remark- 
able ; possibly the potash stored up in autumn out of the withering leavesOs liberated 
again ot\.tho solution of the starcK The root sap, 2*9 meters from the tnmk, contains 

* Tbo dates and flgareti referriner to bircti ejcs from the Lamdte. Vt jmi hS’JStaiiontn^ xiv. 131, 139. 
Ttic Jakresberithi gives the same figures, but witli diiTcrcut dales. 
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more potash and phosphoric acid, and less lime and loagneaia, than that £rom tha 
trunk of the tree, f 

Schroeder's analyses of maple sap are given following table. The root 

sAp was taken 1 meter from the trunk ; the trunk t ip for comparison was from a 
height of 0’25 meter. 10 litres of sap contaiUkl in gnv^is : 



May 18 

1 • 

May 6 

i 

MsyS 

Height 


Height 

Height j 

Trunk 

! Hoot 

0*3 lu. 

0‘3 m. 

»*5 ro. 

e*8m. 1 

mp 

sap 

9 3 

10*9 

10-2 

13-2 

6*3 

9*6 

3-009* 

3*629 

3*321 

1*346 

1*661 

1*867 

0*073 

0040 

0*321 

0*182 

0*056 

0*188 

1*162 

! 2‘2C2 

2*142 

2*666 

1*798 

0-644 

0*624 

0-660 

0*673 

0*921 

0*304 

0-281 

0 091 

0-012 

1 0*U2 

0*067 

0-019 

0-026 

0*367 

; 0-046 

1 0*416 

0-973 

0-364 

0-474 


The results with maple tliffer in several respects from those with birch ; the two 
are not, how'over, strictl^omj^rnhlo, as those -with maple belong to a later period of 
the season. The first division of ta^le shows that lime and phosphoric acid 
greatly diminish as the season advfin<^. The second division shows that potash 
dooreases with elevation, while lime, magnesia, and phosphoric acid somewhat 
increase. The relation of root sap to trunk iMip, shown in the third division, is quite 
s^ilar to that birch. 

In order to compare Uie ash of the sap with that of other parts' of the tree, the 
percentile composition of the pure ash of two of the H][s>cimens of birch sap is given 
below ; it may bo compared with Schroeder’s ash analyses of birch wocxl and bark 
already given (page 806). Beyer’s analyse# of the ash of hornbeam sap, and of tho 
spring buds from the same tree, are also ^own. 

JSiVcA Sap. April 20-21, 

OOMu 

KH) Na«0 CaO Ft**0* Mn*0* P>0- BO* Cl crude ash 

Ix>wcrsap . 19 26 2*43 52-68 14*65 *28 — 614^^ 12 1-45 3200 

Upper sap . 36*96 1*94 32*96 13-31 *34 - 779 ^2 75 1*96 29*40 

• ffontficam Sap. • 

Spring sap . 18*11 — 42*85 11*74 3*52 6 07 f, 34 8*40 1-98 30*41 

V^priiigliuds. 23.66 — 21.42 11*19 *75 2*67 28 14 8*97 2.63 21*20 

The ash of tho upper sap in birch contains a larger proportion of polSuih than the 
ash of any of the solid parts of the tree, but it is relatively poor ifr phosphoric acid. 


Maple sap is oven richer in potash than birch sap. Tho hornbeam sap contains much 
less potash than the sap of l^rch growing cm the same soil, but, curiously, about eight 
times as much manganese. «Th'4 ash aim^sis of the young buds sbiws in what 
proportion the various ash-constituents arirremovod for leaf •formation’^ and strikingly^ 
illustrates the groat demand for pltosphoric acid in a growing tissue. 

. 3. TA Lbaf. m 

The investigations made upon the? leaf^ of ^forest trees are extremely nnmerems. 
The conij^ition of beechdeaves in various stageff of growth has been investigated by 
ZoUer {Jahret9, Ckem, 1864, 86), and Rissmitller (i&td. 1873-4, i. t&3), and 

beech and Scotch jnne leaves b^ Dulk {ibid. 1875-6, i. I84)f fitdckbai^ has made 


leaves {Ann. Chim. Phy. [6], viii. 486). Sestini has analysed elitf leaves {Jctkrenb. Aor, 
Chem. 1875-6, ii. 6). Mulberry leaves have been ^iveiAigated by C. Karmrodt (ti^. 
1868, 62; 1868-9, 163), ^b. €K>hren(^td. 1865, 299), £. J^tch‘enbach(t6kf. 1867« 68), 
Bechi {ibid. 1868-9, 163), Heidepriem (i6id. 164), and F. Sestini (»6»f. 1870-72, ii. 14). 

The eqfoptmtion of a leaf undeigoes so muck alteration during it# Ufetame, that 
it is impossiJble to compare the leaves of difierent^trees with each other, except when 
the analyses have all been made^ at the same time. Stockhardt analyeea a great 
variety of leaves collected from the same forest cm July 29 ; the peroentoge lompomoD 
of the dry sabotance was as fbUows ; 
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f . 

1 

Non-oltAM 
genons extrac- 
tive matt^. 

• ^ ■ 

Ash 

White alder, A, incana 

■ 7*76 

52-99 

t ‘ 

24-76 

4-50 

liimo, T, parvifolia 

14-86 

61*37 

16-15 

7*32 

Maple . . < 

14-86 

64-56 

15-60 

6-08 

Haeel 

14-60 

< i 5-86 

14-50 

6-15 

Oak, Q. pedunculata 

14-36 

67-70 

13-40 

4-64 

Willow, 8, Caprea 

12-37 

62-68 

18-50 

6-48 

Elm, U, effusa . 

Ash . . . 

11-71 

61-50 

19-16 

7*64 

11-21 

65*94 

13-70 

9-15 

Birch .... 

10-96 

67*42 

18-10 

3-62 

Beech . • 

e 10-64 

61-43 

23-75 

4-18 

Aspen 

10-08 

66-70 

18-20 

5-02 

Bhick aldor, A. glutinosa 

0-13 ® 

73-49 

13-25 

413 

Hornbeam , 

7*81 

72^^11 



14-80 

6-28 


The feeding value of leaves is very considerable ; nearly all the leaves mentioned 
I*ovo would be superior in this respect to meadow hay. c 

Before discussing in detail the composition of leaves, it will bo well to show th< 
ature of the changes which take place during life. Bissmiiller’s very complete 
Qvestigation of beech leaves gave the following results ^ c 

1 ,000 fresh beech leav^ ^ntmned in grams : 


Water . v « . 

Dry substance 

May 7 

June 11 

July 14 

Aug. 11 

Sept . 11 

Oct . 27 

Nov . 18 

174-71 

63-22 

158*70 

106-76 

187-70 

145-36 

130-90 

13490 

l £ r 4*76 

121-56 

156*05 

105-67 

134-08 

112-16 

Albuminoids 


15-03 

20 21 

28-07 

24-02 

17*39 

12-68 

8-76 

Fat 


1-26 

2*58 

2-64 

2-71 

6-88 

6-86 

6*66 

Extractive ni^-ttor 


26-77 

66-02 

71-89 

66-04 

61-39 

53*27 

65-30 

Fibre . 


7-69 

22-38 

31-92 

29-93 

26*06 

22-45 

28-62 

Ash 


2*48 

„6-66 

10*82 

12*18 

10*81 

11-41 

12-80 

Potash . , T 


0-77 

1-20 

1-28 

1*19 

1-14 

0-87 

0-74 

Lime . , i 


0-36 

1-38 

v 3-02 

3*90 

3-26 

3-67 

4-21 

Magnesia . *. 


0-19; 0-63 

0-99 

102 

0-88 

• 0-79 

0-91 

Phosphoric acid 


0-53 

0 46 

0-66 

0-66 

0 45 

0-36 

0-14 

(Silica 


0-04 

0 68 

1-76 

2*33 

1*97 

2-66 

2-96 

' 1,000 ^arts of fresh be4*ch leaves contained : \ 

Water . ^ . 


766-5 

697*9 

663-6 

492-6 

626-8 

596-3 

544-6 

Dry substance 

. 

233-6 

402-1 

436-4 

607*4 

474-2 

403-7 

455-5 


1,000 parCjS of day^a^tance i^pn^ined : 




Albuminoids 

< 

282-50 

189-37 

193-12 

178*12 

143-12 

120-00 

78-12 

Fat 

• 1. • 

23-60 

24-20 

l ^-.20 

20*10 

48-40 

65-40 

69-40 

Extractive mutter . 


602-60 

^•73 

494-68 

489-68 

605-08 

504*10 

493-08 

Fibre . . * 

• • 

144-60 

209-70 

219-60 

221*90 

214-4 P 

212-60 

256-20 

Ash . . 


46-70 

62*00 

74-60 

90*30 

8^-00 

108-00 

114-20 

Potash . 


14-68 

11-31 

8-84 

8*86 

9-37 

‘ 8-^8 

6-60 

Lime , ^ , 

1 

6-78 

12-93 

20-81 

28*96 

28-86 

33-80 

37*60 

Magnesia 


3-67 

6-95 

6-86 

7 j 9 

7*25 

7-55 

8-20 

Phosphoric acid 


9-93 

4*39 

3-91 

4’09] 

3-77 

3-47 

1-24 

Silica 


0-87 

6-44 

12-13 

17*^1 

16-23 

2.:-16 

26*44 

lOOL parU of crude ash contained : 

Potash . 


31-23 

21-74 i 

11-86 

9-81 

10*53 

7-67 

6*78 

Soda 


8-28 

1-32 

0*37 

0-83 

1-16 

1-58 

1-35 

lapio , 


14<96 

24-26 

27-82 

32*08 

30-37 

dltf9 

32-98 

Magnesja . v 


,7-65 

11-44 

9-18 

8-40 

8*15 

.7-00 

7-18 

Ferric oxide . 


0-76 

0-99 

,*>•78 

0-84 

1-17 

0-66 

062 

Phosphoric acid . 

• * 

21-27 

8-43 

6*24 

4-63 

4‘24| 

3-22 

1-08 

Silica . 

• * 

1-87 

10-47 

16*26 

19-17 

18*23 

22-36 

23-16 

1 
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I^Tes coiMnib^ g^test proportion of water in Aeir jonngest stage of growth ; 
after tlds is. ^BSiM'the percentage of water is chiefly mpetident on the relatione be- 
tween flupply and efv^pmtion, fi 

• The divieibo X»f the table shows that the by ih leaves increased rapidly in 
dry substancetaU July, and from that flfgie begaif gradually to lose weight. As 
eoon as the leaf; is fhlly. developed its function becomes exclusively to supply organic 
material for the plant, and it not only ceases to grow itself, bu4 as autumn comes on 
a considerable part of its own ft^tance is withdmwn into the parent stem. 

Green leaves are rich in starch; starch is continually formed by them, and trans- 
ferred foom them to the branchee and trunk, where is is converted into woody tissue, or 
stored up for use in the following spring. According to Fliche and Grandeau, the 
proportion of starch in the leaf is greatest at the commencement of hutumn, but then 
rapidly diminishes, very little being left in the leaf when it falls f^m the tree. The 
proportion of sugar in green leaves is apparently considenible ; Qohroti found a large 
quantity in mulbei^ leaves.* 

Oeflu lose, with its aoeompanyihg lignoso, diminishes but little in the leaf 
after full growth has been attained, and consocpiontly increnses somewhat in percentage 
as other ingpredients of th^leaf diminish. 

The quantity of tannin in beech leaves reaches its maximum, according to Dulk, 
in August^ and remains constant till November; the peroentage in the dry matter 
increases during nearly the whole life of the leaf. Handtke. on the other hand, found 
that the proportion of tannin in oak leaves diminished as the season advanced. The 
percentage of tannin in yie d^ substance was as follows : 


Beech leaves . 

- g 

June 26 
1*16 

• 

Juiy»26 _ 
1*80 • 

0 Au(f. 25 
2*40 

«ept . 26 
2*93 

Oot. 26 
2-80 

Nov. 7 
3*58 

Oak leaves 

o 

Jtme 1 

12*87 

July 21 
9*94 

Auk- 5 
7*43 





Fat, wax, and resinous matter are sometimes present in leaves to a Considerable 
extent, but have been little investigated. Kissraiiller found a yellow fat in beech 
leaves, which increiised both in absolute an<l relative quantity during tlio whole lifer 
time of the leaf, forming in November nq^rty 6 per cent, of the dry su^tance. Gohren 
found in mulbeiry leaves from 18*4 to 10*8 per cent, of fot in the dry substance. 

Respecting tne nitrogenous constituents of leaves, we can oh ly speak of the 
total amount. In the beech loaves investigiited by Ris.smullor the miiximCm quantity 
of nitrogen was present in July ; after wivich time a great diminution took place, the 
nitrogenous matter being transferred to the growing pans of thw trunk and branches. 
The proportion of nitrogen in the dry substance is extremely high in the youngest 
leaf, and steadily diminisbos during the whole lifetime. Many leaves contain far 
more nitrogen^than the beech wo have taken as our illustration ; in mullierry leaves 
3 per cent, of nitrogen tn the dry substance is apparently common, and in very young 
leaves 5-6 per cent, has been found. The percentage of nitrogen and ash found by 
Stuckhardt in dry oak and larch leaves was as follows : • 


Oak leaves : 
Nitrogen 
Ash 

Larch leaves: 
Nirrogen 
Ash 


May 

4*13e 
5*70 ^ 

4*60 

6*05 


June July 

Aiignitt 

S#tei»bcr 

October 

2*43 2*23 

1*57 

1*12 

I 06 

. 4*19 ^ 

4*60 

• 

5*40 

5*20 

,202 1*71 

MO 

114 

0*88 • 

3*81 4*60 

3*53 

• 4*55 

4*60 

in beeefi leaves rapidly increases tilf July or 

August, 


the autumn* The percentage of ash in the d^%ubstanee inareoaes through nearly 
the whole lifefof the leaf. This increese in the pn^rtion of ash does not, however, 
take place in the case of all leaves, as is shown by the example of oak add larch just 
quoted ; it depends a |p>od deal on whether some one ash-constituont, generaliy lima 
or silica, is bemg steeoily stored up. Fliche and Graiuleau fonod tho percentage of 
ash in dip acacia leaAs increase from 6*26 to 11*74 percent, between Met and 
October, and the ash of birch loaves from 3*84 to 4*08 per cent., while leaves of cbem 
and chesUint, Dram the same forest., showed a alight flimtnution of ash during Uihi 
period. The ehaogee in' the composition of the as£ are very'^iflmilar for all leaves, 
and are of great interest. 

The t^le shows that in beerii leaves the absolute quantity of pbos phortc aeid 

* The quantity was 21’7*4M>*1 per cent. ; bat whether dlls is per cent, of the tetAl di) substatioa 
or per cent, of the noa-nltrogeiKras extractive matter, is not mode cicwr. • 
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Bcarcely increaBes at all duringi^wth, and that as soon as antumn commences a large 
part is mthdravn from the Itayes to be stored up for use the next season. The 
investigation of Dulk on beedu leaves shows that the proportion of sulphuric acid is 
affected in a similar manner. Ihe quanti^ of potash in the leaf increases to a 6maU« 
extent during growth, but, like^phosphoiie acid, it diminishes again towards the end 
of autumn. The two most important ash-constituents thus increase but little in 
quantity during the li^e of the leaf, and are more or less withdrawn from it as winter 
approaches. It is quite otherwise yrith lime, magnf sja, and silica ; these very con- 
siderably increase with the age of the leaf, and are not withdrawn from it in autumn. 
We have thus in spring a young leef extremely rich in nitrogen, phosphoric acid, and 
potash ; while in autumn the old leaf is poor in these constituents, but rich in organic 
calcium salts, and with its tissues incrusted with silica. The proportions in which 
lime and silica occur in autumn leaves depend greatly on the character of the soil ; 
the same kind of tree may yield on on^soil a leaf ash rich in lime and containing 
little silica, and on another soil an ash abounding in silica and containing relatively 
little lime. According to A. Vogel, the assinfllation of silica by a plant depends 
greatly on the amount of humus present in the soil. 

■ To show that similar changes in the relation of the ashiponstituents taJce place in 
the loaves of evergreen trees, we will quote the results obtained by Dulk with Scotch 
pine. He gathered boughs of this tree in July, and separated the leaves, ^according 
to their position on £he branch, into leaves of one, two, three, and four years old ; the 
latter ago is about the extreme limit reached by leaves on this tree. In 1000 parts of 
dry substance ho found : ^ 


t I 

Potash 

Lime . ' V 

Magnesia . . 

Ferric oxide 

Manganese oxide . . . • 

Phosphoric acid 

Sulphuric acicb>' 

Silica 

tOn^year 

old 

Two years 
old 

Three years 
old 

Pour years 
old 

8*04 

2-88 

0- 77 
104 

1- 34 
517 
1-35 
0*19 

3'92 

409 

0*97 

1*97 

1*71 

2*14 

0*82 

0*34 

^ 4*00 
5*89 
1*79 
1*57 
1*47 
2*27 
0*76 
0*63 

3-74 
7*61 ' 

1*69 

2*66 

1*92 

1*H 

$ 

Total pure ash . 

20*83 

12*58 

18*47 

20*82 


The following aii analyses of various leaveflK will serve to complete this part of 
the subject. The a*iialyBes of acacia, cherry, chestnut, and birch are by Fliche and 
Grandeau. The analyses of larch leaves are by R. Weber. The * ash in dry ' is pure 
ash in Weber’s analyses; in the other cases the authors have omitted to state its 
nature, < . 















Ash in 
ilry 

K»0 

Nft’O 

CaO 

MgO 


t. 

l’*0" 

SO* 

SiO* 

CO* in 
crude 

Ash 






Ilk. 


f- 







■ 










' Acacia: 






0*\)1 






May 2 . 

6*25 

30*G(V 

6*37 

20-82 

9*67 

trace 

2116 

7*39 

3*72 

608 

July 3 

7*75 

19*20 

6-71 

48-64 

\l*02 

1-43 

trace 

8-69 

3*63 

1*67 

21*62 

Oct. 13 

11*74 

3-26 

1*34 

72*00 

6*16 

1*46 

10*64 

1*00 

2i^3 

1*68 

28*30 

Cherry ; 

April 28 

7*80- 

32*78 

1*89 

VJOCT 

f- 

7*82 

0-96 

4*4^ 

^’l6*80 

4*34 

1*41 

ir-60 

July 3. 

7*30 

17*80 

6*44 

38*06 

18*38 

1*29 

6*62 

8*20 

2*46 

1*76 

20*07 

Oct. 2 . ‘ . 

7*24 

11-82 

5*00 

44-06 

1779; 

M9 

13*25 

3*81 

0-79 

2*30 

23*88 

. Chestnut: 



tl 


i 



j 

li-31 

1 i 



May 1 

4*60 

31*85 

2-39 

18*41 

9*16 

0*50 

11*84 

4*98 

1*59 

7*34 

1 Oct. 12 

Birch : 

465 

10-62 

2*59 

49-60 

6*90 

2-17 

12-52 

^8-35 

j 

2-76 

4^7 

13*22 

April 30 . 

3*S4 

25-6V 

0-43 

28-72 

4*40 

0 72 

16-87 

17*46 

5*19 

1*73 

7-92 

Oct. 9-15 . 

: Larch : 

4*6ft 

2*88 

4*57 

50-76 

16*^1 

1*18 

9-81 

* 8-63 

1 

3-21 

2*54 

1 

18-20 

Oct. 16 . 1 

3*57! 

23*56 

173 

14*65 

8*50 

306 

— 

23 70 

3 15 

21 66 

0-64 

Nov. ^5 * . 

3:99 I 

4*57 

1*3^ 

21*98 

6*91 

2*80 

— 

3 74 

1*62 57*02 j 

4*80 


* The leaves^ collected at this date hod foUen from the ti 
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The leaf>8talk is remarkably rich in ash. Wolff*# analyses of the leaf*stalk and 
leaf of horsa-eheetnut ^ill be found in thisJpietiomK^^iii. 17S. 

When leares 'inther prematurely fromifletfsiTe h^t and drought in summer, their 
change in compositiun is not nearly so compete ae if the gradual autumn withering. 
According to G. Kraus, such leaves retain the greater part of their nitrogen and 
phosphoric acid, but a considerable part of the potash, and the ikhole of Uie starch, is 
transferred to the tree. The ipr of valuable constituents to the tree is thus gfeator 
in cases of ^mature withering. 

Chwsh has lately shown (CAeia. Jfisws, uxvi.4S37) that a remarkable difference 
exists in the composition of the white and green parts of variegated leaves. He ex* 
perimented on maple leaves (ji. NegufM) collected Sept. 17 : on loaves of holly 
collected Sept. 24 : and on leaves of ivy collected Oct. 4 : 

1 00 of fresh l&ves contaiKed : 




Maple 

a . ... 

Ivy 

nolly 

• 


Greon 

White 

Green | 

White 

Green 

White 

Water 

Organic matter . 
Ash . 

e 

72*70 

24*22 

«*08 

82*83 
16*15 
• 2*02 

06*13 1 
3163 
2*24 

78*88 

18*74 

2*38 

62*8.3 

86*41 

2*47 

74*14 

23*66 

2*20 


1 000 parts 6 

f dry substance contained : 



Potash 

, 

14*22 

62*97 

11*86 

63*19 

10*68 

30*08 

Lime , . 


46*04 

12*80 

32 11 

14 64 

Sf2*4,6 

18*29 

sHagnesia . 

. 

5*26 

4*64 

0 69 

1*26 

1-.39 

2*76 

Phosphoric acid . 

• 

9*93 

17*14 


12*03 

4*76 


Total crude ash . 


112*82 

1I7;0* 

66*14 

1 J 2*69 

66*21 

84 07 ! 


The white portion of the leaf contains in every case a larger amount of water 
than the green portion. The dry matter of the wJiito portion is richer in nitrogen, 
but poorer in fatty matter than the green. sTho proportion of the ^h*coDstitiients in 
the variously coloured tissues is very remarkable. The green ^rtion of the leaf 
shows the usual autumn characteristics, containing comparativear litt le potash and 
phosphoric acid, but a high proportiofftaf lime. The white part the leaf is, on the 
other hand, esAremoly rich in potash ; it contains a larger proportion of phosphoric 
acid, and but little limes The total amount of ash 'Constituents is also greater in the 
white leaf. The circumstances which determine this striking difference in composition 
have yet to be sought in fUrther investigation, l^or ChureVs later investigauon, see 
TVansactions Chet», Soc. 1879. • ♦ 

Both the size and the composition of a leaf are greatly affected by climate. As 
elevation increases, and the tm becomes less luxuriant, the leaf becomes smaller, and 
its percentage of ash less; proportkmM nitrog^ and water will als(^ probably 
decrease. B. Weber collected loaf^lP^® banning of August 1k>m forests of 

various elevation ; * 


Height above sea. 

i^hrfaco of 1000 leaven, 

Tfv cent. OKh, 

metern 

•quare tacaem 

in djie* 

13?. 

237 

3*«4 

2*ft8 . * 

6*97 

824 

2*112 • 

• 6*70 

ffl4 

1*674 

. 4-96 

686 

1*600 

6-32 

1043 

1*088 • 

2*84 

1344 * 

0*910 

3*94 


Welier found that the small amount of ash yielded by the leavesbf elevated regioiiM 
was far richer in phosphoric and sulphuric adds, an^ in pptesb, than the ash of 
leaves at a lower level ; the ash from l^p latter leaves was, on other hand, richer 
in lime and silica. The small leaves of elevated regions are clearly in a lees mature 
conation than those prodneed in a more genial climate, end this more tmekwazd eti^ 
of developdlnt is apparently the chief cause of thei^differenee tn cemposition^ 

• Hot \Msm due %e refer to tbe /'oref-a. tm, ttl), tke wiltar is 

oncertain wbetber theae belong to the leaves collected In Angiist ; tiMy» l iO! l >e»W> 

ondoobtedlr refer to leaves tram tbe eame foreise. 

Sri Sup. 3 O 
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Weber aleo determined the ish in laroh leavee fi'om different elevations, and found 
the flame diminution of ash iritUI increased eleyation ; the ash of leaves at 1068 meters* 
height was about one-half thafof leaves at 117 meters. The phosphoric acid and 
potash,' however, in this case a{[|?oared to .diminish with the diminishing proportion 
of ash. ^ 

Illustration s of th^ effect of soil upon the composition of leaves have been already 
giveoi see p. 810. ^ 

4. Tuk Biossom, Fanir, Am> 8jsbd, 

The researches on this part of the subject have been very limited. Church has 
made a partial niialysis of the female blossom of the elm, collected after it bad fallen 
from the tree. 1000 parts of dry substance contained : 

Kltrogren Potash Lime Phos^orio add Sulphuric acid Silica Total aeh 

33 1 23-9 11-4 9*7 .. 13*4 1*0 81*5 

The proportion of nitrogen and phosphoric acid in the blossom is similar to that 
in young leaves ; the proportion of potash and sulphuric add is remarkably high. 

K. Wolff determined the ash -constituents present in tne various parts of horse- 
chestnut blossom with the following results. 100 parts of pure ash contained as 
follows : 



Pure 
ush In 
dry 

K*0 

CftO 

o 

Mgq 

V 

P*0^ 

SO* 

SiO» 

Cl ! 

j 

COMn 

crude 

ash 

Blossom stalk 

9 36 ' 

64-08 

9-20 

1’31 

IT-Osj 

3*62 

0*73 

6*13 1 

17*64 

(Jalix and qvary . 

6-18 

61*72 

12-20 

687 

16*63 

3*73 

,1*68 

2*371 

22*10 

Corolla 

4*78 

61*22 

13-62 

3*84 

16*97 

— 

1*44 

3*76 i 

21*64 

Stamens 

6Td 

6073 

1377 

3*09 

19*o2 

— i 

074 

2*78: 

21*60 


The ash of all parts of the blossom is ^ef n to be extremely rich in potash, and to 
contain a considerable amount of phosphoric acid. The different portions of the flower 
are very similar both in the amount and character of their ash-constituents, but the 
stalk contains a double quantity of all the more important constituents, a fact similar 
to that already obrorved in tlio case of loav es. 

The composition'‘of some of the fruits of forest trees is given in the following table. 
As the percentage / f water in the fresh fruit is not given in some analyses, and in 
otliers the fruit had obviously lost water bofure^examination commenced, the results 
have all been calculated on the dry substance, and the highest percentage of watez 
given in a side column : * 



Number 

of 

analyses 

Water 

in 

fresh 

Albu- 
1 minoZdfl 

Fat 

Carbo- 

hydrates 

Fibre 

Ash 

Acorn, sritb.shell 

6 

liMO 

6m 

4*63 

76*98 

11*57 

2*32 

„ kernel 

6 

6*38 

4-55 

81*12 

6*60 

2-35 

„ shell 

1 1 

25*00 

^'*44 

0*93 

69*12 

36 46 

2*06 

Chestnut, with shell . 

' 1 

64*61 

8*51 

3*96 

80-47 

4*92 

2*16 

„ kornol 

3 

48-76 

14*32 

2*68 

76*32 

3*32 

! 3*46 

Horse-chestnut . . ! 

1 

48:20 

12*60 1 

2*76 

76*fS 

671 

2*75 

Walnut, kernel . , . 

‘ r 

44*60 

22*62 

6694 

16*04 

1*44 

3*06 

Fillport, kernel . 

1 

48*00 

16*16 

64-TBl 

21*36 

4*8A 

2*88 


The table illustrates the coaipositiou of two great classes of seed, in one of which 

tis in acorn and chestnut— the reserve of carl)oiiaceou8 mtftter is in the form of 

starch ; while in the other— as in walnut — it is in the form iS fst. > 

The following ash-analyses of fruit and seed are taken from E, Wolff's Aschen 
Analjifsent with the ^xceptidn of» the analysis of larch seed, which is by Anderson 
(Hiphland Soc, IVons.' 1851, 26). , 
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In the ash of the chefitnut kernel Dietrich found 1*15 per cent, of alumina, and in 
the ash of the shell 6*86 per cen^. 

The ash of a seed is ^ne^Hj small in quantity, less for instance than that of 
leaves or bark; but it is hich i( quality, ^ntaining generally a larger proportion of* 
phosphoric acid than the ash of any other pcurt of the plant, and b^ng also rich in 
potash. It is interesWng to observe the wide difference between the ash of the shell 
and kernel. The former is veiy sm^l in quantity, f^d contains far less phosphoric 
acid, and also loss potash than the ash of the kernel, bui is, on the other hand, rich in 
lime, and sometimes also in silica. , The green or fleshy covering of the seed contains 
more ash- constituents than the hard shell, and is generally rich in potash. 


5. Tuk lioRissT Litter. 

Forest litter consists mainly of dead leavJl^, but will contain also the bark, 
branches, and seed vessels which fall from the trees. If left undisturbed it may 
become mixed to a more or less considerable extent with ^oss and lichen. Where 
fern, heather and other low-growing plants prevail, these also will contribute to the 
forest litter. The quantity of leaf litter annually produced has been carefully 
determined on 87 experimental sites in the Bavarian forests ; the results 'are given 
in Eberniayer’s Gesammte Lekre der Walddtreu, The average quantities found were 
as follows : 


Dcsscription 

^ t ' 

Number of 

Weight of air-dry Utter 

<)f forcBt 

annual determlnationB 

in pounds per acre 

Beech, 30-f50^yoars old 

7+ 

• 3784 , 

„ 60-90 „ ... 

47 

3666 

„ over 90 

49 

3611 

iSprucc fir, 30-60 years old 

' 74 

3639 

„ #60-90 

62 

3014 

„ over 90 „ . , 

63 

2922 

Scotch pine, 2£-*50 years old . 

so-Jira . . 

" 66 

3033 

31 

3117 

7(^100 „ . , 
3 

* 27 

3776 


The amount of litter varied much in individual years, avd was much greater in 
Homo forests than in others. It is the custom in many of the German fbrests to 
remove at least liiilf of the litter, and to employ it on the neighbouring flirms for the 
betiding of a^iinu^ls, and as manure. The following table shows the average weight of 
air-dry Litter in pounds per acre when it is loft to accuinulate for various periods; the 
determinations wore made at the Bavarian stations already referred to : 


v» . 

of utter ' 


t 

Spruce flr 

F^tch pine 

One year . . . 

3667 

3168 

3308 

Three years . 

7lfe7 

6778 ! 

8024 

Six years .... 

7^3 

8384 *1 

12258 

Many years ... 

«• 

. ^ 9301 

12S72 

16321 


Beech litter rapidly suffers tlccomposition ; the six years’ litter is little more than 
twice the weight of one yeai^s deposit. Decomposition pmeeds at a much slower 
rate in the case of flr or pine litter, the accumulations in pine forests thus become in 
time very considerable. The three years’ and older litter 8f pine forests will, how- 
ever, include a certain quantity of moss. Where the forest is not sufficiently close, but 
admits air and light .freely to thi. soil, there litter will not greatly accumulate, nor is 
a thick layer of vegetable soil formed ; oxii^ation under these circumstances takes 
place rapidly, and the valuable ingredients of the litter are speedily assimilated by 
th 3 vegetation which tiikes possession of the soil. ^ 

Reomtly fallen loaves contaii^ 80-^0 per cent, of water. When completely air- 
dried, f6|«st litter will contain 12-18 per cent, wrter. 

The proportion of nitrogen in some of the component parts of forest litter has 
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been determined by Krakztich (Ohm, Aekermann, 1865, 158), and the nitrogen in 
moseby B. Hofmann (Land, I’’ers,-Slai. i. 269); biW^.comglfte inrestigation of tlte 
nitrogen in litter bee been made, Krutaech fonlHtbe IbUoiring percentages of 
nitrogen in the dry matter of fallen learea^^ltc : 


Spruce fir leaves « 
>1 » twigs , 

„ „ cones . 

Scotch pine leaves 
Larch leaves 
Beech leaves 
Oak leaves . 


Hofmann found the percentage of nitrogAi in dry moss tu be : 


Hypnum cristanastrensis 
„ rusdforme . 

„ triquestxnm . 

„ tamariscinum 
• „ cupresaiforme 

splendens 
„ silvcstre 
Glimarium dendroMes 
Polytricbum commnne ^ 


1*85 

0*57 

0*37 

1*89 

088 

0*80- 

1*05 


174 

Vbi 

1*45 

1*44 

1*37 

1*81 

0*98 

1*75 

1*07 


1 24 


The proportion of the various ash- constituents in forest leaf litter is shown 
in the following table ; the composition of forest humus, the final product of litter, is 
also given for compartson. The analyses are taken from Ebermayer’s Die pesammte 
•Lehre der JValdstrm, with a few additions from Bulk (Lattd, Vcre.^&lat xviii. 205). 


1000 parts of dt 7 
eubstaace contain— 

Beech leaf litter: 
Highest percentages 
Lowest percentages 
Mean 

Oak leaf litter; 

Highest percentages 
Lowest pcrcentagei 
Mean 

Spruce fir leaf litter: 
Highest percentages 
liowest percentages 
Mean . • 

Larch leaf litter . 
Silver fir leaf litter; 
Highest percentages 
Lowest percentages 
Mean 

Scotch pi Df^loaf litter 
Hi^eat pe^Dtages 
Lowest percental*. 

Humns, beech forest 
„ fir forest , 


iNomber^ 
of 1 

Pore 


Na*0[ CaO 

MgO 

Fo-O- 

P'0* 

SO* 

I 

i 

810 * 

!anal;sM|' 





__ 







99lJ 

,8-31 

1*78 

34*81 

6*92 

5*47 

5*86 

2*54 

60-80 


403 

0*91 

0*10 

16*99 

1*98 


1*28 

0*58 

5*95 

23 

56*9 

2*81 

0*66 

24*49 

3 60 

1*73 

2-98 

MO 

18*87 


^2*6 

4*18 

2-78 

27*14 

6*02 

*86 

3*06 

217 

80*46 


499 

1*64 

0*3U 

17-07 

1-94 

030 

2*10 

075 

1085 


65*1 

3-28 

1 28 

22*68 

3*80 

1*03 

2-05 

1*51 

18*831 


101*9 

2-42 

1*40 

38*60 

4*19 

1*9^ 

3-84 

1*18 

57*40 


3M 

0-98 

0-22 

6*36 

074 

022 

r26 

0*43 

386 

18 

45*3 

1-61 

0*56 

20-27 

2*32 

0*98 

214 

070 

16*54 

1 

40*0 

1-83 

i 0-54' 

8*79 

276 

1*03 

1-60 
« H 

0*65 

22*81 


52 / 

[ 4*64 

0*68 

i 38*67 

%*06 

1*70 

4*08 

1*04 

4*9# 


19*9 

1*06 

0*37 

«*23 

K18 

p*22 

2*19 

078 

0*51 


378 

2*63 

0*63 

1 24*28 

2*52 

« 1 

1*08 

s 

2*80 

0*93 

2*35 


20*# 

244 

ll'Qa 

10*31 

2*53 

1*10 

1*54 

0*99 

2*73 


10*7 

0*95 

Vl9 

2*57 

0*36 

013 

0*60 

0*42 

1*39 

12 

147 

1*61 

|0'6l 

6*82 

1*61 

0*40 

1*11 

0*#T 

2*12 

1 

43*2 

1*53 

0 26 

1 10*22 

i'64 

3*97 

2*7# 

1*86 

20*03 

1 

44*0 

2*19 

,0*39 

'33*39 

179 

2*50 

4*19 

1*76 

7*8Q 


The pHwDtage composition of the ash of leaf litter is showiv in the next table. 
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Ni||ibci 

Pore 

ash 

indrjl 


100 parts of pure ash Mntain— 




K*0 

Ka“0 

CoO 

MgO 

Fe»0* 

paO» 

SO» 

SiO= 

Beofb leaf litter : 
Highest percentages 



"iB-Ol 

11*8 

2*5 

6e4 

13*4 

10*5 

0*1 

5*9 

1 

52*2 

Lowest percentages 



4*03 

1-5 

02 

25*2 

3*0 

1*4 

2*3 

1*0 

14*2 

Mean . 


25 " 

6*6d 

4*8 

1*0 

44*0 

6*4 

3*0 

5*3 

2*1 

32*6 

Oak leaf litter .c 
Highest percentages 



7*25 

9*2 

3*8 

48*6 

13*7 

2*6 

8*1 

4*4 

42-0 

Lowest percentages 



4*39 

3*4 

0*6 

35*4 

4*0 

0*6 

3*8 

1*7 

24*7 

Mean . 


3 

6-51 

6*1 

2*1 

41*0 

7*6 

1*8 

5*6 

2*8 

32-.') 

S pruce fir leaf litter : 
Highest percentages 



10*19 

5*6 

0 

2*5 

70'9 

9*0 

5*4 

8*6 

2*3 

60*2 

Lowest percentages 



3*11 

1*9 

0*5 

16*6 

2*0 

0*4 

2*5 

1*0 

11*0 

Moan . • 


18 

4*53 

3*8 

1*2 

44*0 

€■3 

2*3 

5*1 

1*6 

36*2 

Larch leaf litter 


! 1 

[ 4*00 

4*6 

i 1*4 

22*0 

6*9 

2*6 

3*7 

1*6 

67*0 

Silver fir loaf litter: 
Highest percentages 


1 

5*27 

16«3 

2*3 

78*9 

12*7 

3*5 

20*5 

3*9 

10*6 

Lowest percentages 



1-99 

22 

1*0 

31*3 

2*4 

0*8 

45 

1*8 

4*1 

Mean . 


0 

3*79 

8*3 

1*5 

59*^ 

7*7 

2*6 

8*3 

2*4 

77 

Scotch pine leaf littoi* ; 
Higliest pcrcentfiges 



2*00 

ibh 

7‘2 

58*6 

14*2 

10*2 

12*1 

5*1 

19*7 

Lowe.st percoiitiigoM 



107 

6-6 

1*4 

22*0 

6*6 

1*0 

4*3 

2*9 

7-9 

Moan . 


1 11 

1*47 

11 0 

4-4 

38*7 

10*2 

3*6 

8*3 

3*7 

14*6 

Humus, boc^h forest 


1 1 

4-32 

3*5 

0*6 

23*7 

59 

9?^ 

6*5 

4*3 

46*4 

„ fir forest 


1 1 

4*40 

5*0 

0*9 

53*2 

4*1 

5*7 

1 

9*5 

40 

177 


Alumina and manganose oxide are commonly present in the leaf litter of fir and 
pine forests. ^ <; 

We have alijmdy seen (page 817) that the proportion of ash in leaves may ho 
greatly influenced by the elevation above the sea level ; the same influence aflbcts 
both the proportion of total ash, and of pho^horic acid in leaf litter. 

Ebermayor gives, the composition of litter from several elevations ; the following 
are examples: fioocli-At)af litter from 1040 meters above the sea contained in 1000 
parts of dry matter 4C’3 of pure ash, and 1*77 of phosphoric acid ; while from the lower 
level of 130 meters, O^e total ash amounted to 99^, and the phosphoric acid to 5‘85. 
ypruce fir litter showed loss regular variations of the total ash than 'l>eech, but a 
considerable alteration in the phosphoric acid. At 935 meters t^nice fir litter yielded 
37*6 of pure ash, and 1-81 of phosphoric acid ; while at 490 meters it contained 48’3 
of ash, and 3'84 phosphoric acid. The litter from Scotch pine shows least variation 
in the proportLn ol phosphoric acid of all the litters examined. 

The other influences which aflect the composition of^leaf litter are the character 
of the soib and the age of the litter. The respective proportions of lime and silica 
are greatly (lependent on the character of soil ; a cah^urcous soil will produce a 
\eaf litter rich in lime and poor in silica, wMle on a siliceous soil the reverse will be 
the cose. The very variable amounts of lime and sil'ca in the analyses already quoted 
are chiefly due to this cause. * 

The eifect of, age upon the composition of forest litter has been little studied. 
Schroeder has shown that fresh beech-leaf litter treated with wate^ loses 52*6 per 
cent, of its potash, 55*3 per cent, of its sulphuric acid, 19*7 per cent, of phosphoric 
acid, an^ 19*6 per cent, of magnesia, out only 4*5 per cent, of lime. The first effect 
of rain on lititor is thus to remove potash, and increase the proportion df lime. The 
peri^ntege of total ash in the litter may also^ rise, if the oxidation of the organic 
blatter proceeds more rapidly than the solution of the ash. The following table 
shows analyses by Diilk of beech-leaf litter one and three years old, both the 
same forest ; also analyses quoted by Ebermayer of recent bedch Utter, and of beech 
Immiis, both from the same forest. 
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1000 parts of diT 
sutastonoe oontatn — 

Beech litter, one year , 
i» three years 

Beech litter, one year 
Humus from same forest 


52-4 i-arl o^el is-as 6-47 

61-6 0-91 o iol 27-90 2 07] 2-01, 

As 2-62|0-81 l?0o|4-60 1-73 
1-68I o ael lO-^l 2-54| 8-07 

100 parts of the ash eoiUain : 


3 20 1 28| 115|19‘0S 
1*40| ] ‘3d|21*99 

4-231 0*84|u*97 
2 70| 1-86|20 03 


Beech litter, one year old 
„ three years old 


2-44 0*321 35-12j 3-81 10*61 i 6-32 2‘4d 2-22 30-67 
1‘48| 0*1^ 45-30j 3-36 3‘26 | 5-84 2‘28 2 19 35 71 


Beech litter, one year old ^64 0-68; 36-71 ! 0*04 3*73 

Humus from same forest. 3-52 O dol 23‘67i 6‘B8| 9*20 


9-l4| 1-82 32 34 
6*47j 4*30 46-37 


In the Bavarian forests it is reckoned that 3-8 years are necessary for the foritia- 
tion of humus from the loaf litter of coniferous tret>M, and 2-5 years in the case of 
litter from deciduous trees. The presence of tannin or resinous matter retards 
decomposition, while lime or alkalies assist it. The docay of forest litter is to a great 
extent brought about hy the agency of fungi. 

We have already stated^hat nijfhs, lichen, fern, &c., frequently contribute t/O forest 
litter. Moss is chiefly abundant in p4b#forests which are of sufficient age to adniit 
light freely to the soil; it flourishes most in moist elcvatad situations. The growth 
of lichen in abundance indicates groat poverty of the soil. Fmi, on the other hunt!, is 
extremely rich iq the more valuable ash-constitumts. The following Hsh-amUyses 
will serve to illustrate this part of the subj^t. The throe lumlysSs of /fypftum are 
from the Bavarian experiments q^iotod by Ebermayor, the remainder are quoted fr»im 
Wolff. The two analyses of JSr. mas. do not, unfortunately, refer to plants 

growing on the same soil. • 


1000 parts of dry 
BubBtance contain : 


Moss : 

Hypnitm, various species 
Spkagnmm , 

Fern: % 

} N. Filix mas. (June) 

„ „ (October) . 

Lichen: 

€. r angjferma 


Numiicr 
of 
iialyHCtfl 


K«0 


^1-0| 7-61 1*42| .V47 
25-6| 3 46 2 ]d| 

78-4'38-40 l-GOj 7 00 
75-6 30 09 '4 01 14 17 

I I 

11 41 1 08:0-091 1*25 


MkO 

0 

\ ; 

PM* i 

HU* 

HIU* 

2 51^ 

|1-82 

4-78 

j-flrJ 

4‘8B| 

I-5I 

13*03 

ri6 

1*291 

7-37 

5-90 

0-80 

12*40 

3 20 

4*80 

6*26 

0-73- 

J94 

4*08 

3-31 

0-19 


*^0*32 

0*17 

8-02 


kOO parts of the pure ash contain : 


iNnmbc 


CiU> i M^o| FoH>» j 1 « 0 » 



HytmufUt various species 

mpnagnum „ 

tt. FiUx mqp. (June) * . 

„ (October) . 

PterU agujlina 
C* rangerifina . « 


28-0 

4*6 

8l 

5*3' 

14-5 

17-2 

13*5 

11*^6 

5'9 

11*6 

4-5 

28*6 

48*3 

8*8 

vA 

1*0 

156 

6*0 

30*8 

1 18*7 

, 43 

1*0 

2^ 

4*4 

19*4 

12*6 i 

i iz 

3*9 

5*2 

43*7 

95 

1 no 

1-0 

0*2 

28 

70*8 


For a^-analyses of a variety of other forest planta we vnnst refer to WoMTa 
Aseken Analysen. * • , - . , 

The importance of Toreet litter in promoting a vigorou# growth of timber can 
hardly be orenated, the removal or liUer from the forest is consequently in most 
cases very undesirable. Where the litter remains undisturbed it gMually feme a 
forest ami rich in humus. Such a soil has a gr^ power ofreti^nSiigmU^ 
in this rertect all descriptions arable soil. Where this humus soil 
trees may m suficesefnlly cultivated on steep hill sides, and in sUmy tigions. 
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WQ^d eke sniffer greatly both from drought and the effeots 'of’floodst. Humiu also 
assieto greatly^ in the disintegratioxi of a rocker soil, and in the solution of the mineral 
plant food which it contains. TLe decay of forest litter will afso enrich the atmo- 
sphere of the forest with carbonifiacid, and thus promote a vigoroiie regetation. The 
physical properties of forest littefl^ of hcimus, hardly fall within the scope of the 
present article ; they are fully treated in Ebennayer’a ejccellent work already 
referred to. *■ 


6. The Annual BnQuinKXBMTs of a Forjust. ^ 

The careful determinations made in Germany of the arerage produce of forests, 
both in wood and leaf, coupled with the analyses made of these products, enable us 
to calculate with more or less precision the quantity of matter annually removed by 
an acre of forest from the soil and atmosphere. The two following tables are quoteil 
from Ebermayer. The first table gives the ann^ ^wth of wood, and the annual 
production of leaf litter, as determined at the Jravarian experimental stations ; the 
wood is inclusive of roots. 


Doecription of forest 

Number of 
experi- 
mental 
Btations 

Pry mattev in lbs. per acre 

Leaf litter 
to 100 
wood 

Total 

wood 

l>Af 

litter^ 

Total 

produce 

Beech, 30-60 years old . 

„ 60-90 „ 

„ 90-120 „ 

11 

7 

7 

M2930 

2436 

3099 

3002 

3005 

2917 

6932 

6441 

6016 

102 

123 

94 

Mean . \ . . 

26 

2822 

2976 

%796 

105 

Spruce fir, 30-60 years old . 

„ 60-90 „ 

„ 9p-120 „ 

12 

9 ^ 
10 

2744 

3346 

3106 

3006 

2660 

2483 

6760 

6906 

6688 

no 

77 

80 

Mean 

31 

o 

3064 

2683 

6748 

88 

Scotch pine, 26-60 years old . 

M 50-7S „ 

.. 75-I«)0 „ 

10 

6 

6 

2166 

3636 

2962 

2614 

2678 

3244 

4770 

6213 

620fi 

121 

76 

no 

Mean 

21 

2884 1 2846*' 

6730 

99 j 


The moan annuwl production of dry matter by the three descriptions of forest is 
soon to be wonderfully accordant, it averages 6766 IbiPper acre. This quantity of 
dry matter is considerabljr in excess of that yielded by average farm crops, which, 
except in thg case of turnips, mangels, and^other root crgps, seldom exceeds 4000 iW. 
^r acre. In a Wrest thero is an enormous^velopmeht both of foliage and root, and 
in conse(^uence great scope for assimilation. About ./>iie>half of. the diy matter pro- 
duced is m the form of leaf, whtch is finally returned to the soil as forest litter. 

The amount qf carl^n in the annual prciuce is given by Ebermayer as follows ; 
the figures are translatea into lbs. per acre : • ‘ ' 



Beecb 

Spruce flr j 

SootcCi pine 

Carbon in wood . 

1397 

1577 ! 

1481 

Carbon in leaf litter 

1263 

llbd 

■X - ! 

1268 

Total carbon 

2660 

2730 

2742 


The mean amount of carbon assimilated by on acre of forest is thus 2711 lbs. per 
annum ; such an amount of carbon would be contained in the volume of air lying upon 
an acre, if the stratum of air is reckoned as 10 meters in height, and lenewedfo^een 
times durixg the period of vegetation. If we assume that an adult man e^alee daily $00 
grams of cavbonio add, then an acre of forest will consume in a year the products of 










FOREST TRElfS. 825 

respiratioii of 16:4 A consideiable part of the carbon required by a forest will, 

howeyer, supplied' b^ the giWiTial decay of the fallen leayee. The atmosphere of a 
forest receives from thi» source a special supply of caftbonio acid. 

* The quantity of nitrogen annually demanded My an aero of forest cannot bo 
stated imth any exactnesi^ as very few deiilbrmiDaticms of nitrogen have been made 
either in wood or leaf litter. Taking Schroeder's determinations of nitrogen in beech 
wood (p. 803), and Kmtzsch's analysis of beech-leaf litter, tlfere would bo required 
for the annual growth of the wJbd 7~8 lbs. of nitrogen, and for the leaf about 30 lbs. 
Aa the nitrogen of the leaf is all returned to the soil, the requirement of a forest in 
nitn^fen becomes extremely small, far smaller than that of ordinary farm crops ; if, 
however, the litter is removed from the ground, the quantity of nitrogen required will 
be much increased. 

The next table shows the quantity of the various ash^constituent a required 
for the ann^ growth of an acre of forest. TIhe ash-analvses employed for calculating 
the composition of beech and Scotch^pine wood are by Voubausen and Heyer ; thoso 
used in the case of spruce fir are by ^hroeder. The analyses of loaf litter employoil 
are the mean results already given (see p. 821).' The figures are 11>8. per acre. 


• 

Dry 

matter 

Pure 

ash 


H 

Mg<> 

j P-0* 

SO* 

«IO* 

Beech, wood . « 

„ leaf 

2822 

2916 

26*4 

1^6 

4*16 

8*81 

e 


3*44 
10 90 

2-66 

6-32 

0*20 

3*23 

2*16 

53*86 

Total 

6797 

191*9 

12*96 

86*94 

14*34 

11*88 

I 3 43 

66 00 

, Spruce fir, woot’l 
„ leaf 

3064 

2683 

20- 1 
121-3 1 

3*62 

4*30 

8*16 

54*37 

1*81 
6-20 1 

'i:?* 

.0-64 
! 1*87 

i 

i 2*88 

1 44*26 

Total 

6747 

141*4 1 

7*92 

^ • 

62*63 

8*01 j 

7-01 j 

2*61 

4713 

Scotch pine, wood . 

„ leaf . 

2884 

2846 

14-8 ! 
41-5 j 

2*32 

4*32 

8*96 

16*81 

1*52 ; 
4*28 ^ 

0*96 

3*28 

0*23 

1*61 

0*49 

6*83 

Total 

6729 

36 3 ! 

%64 

26 80 

5*80 i 

4r23 

_# 

1*74 

6 32 


The quantity of ash-constituents Required by the three kinds m forest is seen to be 
very difierent. With beech, Uie total amount of ash is very similar to that contained 
by an average crop oPWheat or oats ; with spruce fir the quantity of ash is much 
smaller ; with Scotch pine the demand for cinereal food is stUl less, not amountitm to 
one-third of that required by beech. The' pre 3 X>nderating constituents* of all these 
a^es are lime and silica, 'f^en we look at the more importanls asb^^onstituents, 
potash and phosphoric acid, tSe economy of forest growth b<*c«>m4‘s still more apparent. 
A beech forest requires annually only half as much pho^horic acid as a wheat crop, 
and less than half as much pataqb» while tke demag^ of the fir and pim^forests are 
much below that of beech. The table fi#uier shows that 4iy far tbd*greater pari 
the ash is contained imshe leaf^itoer ; if this is not remored^from the forest, and tlie 
timber is felled only when fhll gtown, the quantity of Ash- constituents removed from 
the soil becomes infinitesimal. The grdirto of beech timbei^is seei^ to demand but 
4*1 Ihe. of potasa and 2*6 Ihs. of phosp\|orie acid; whUe Scotch pine requires only 
2*3 lbs. of potash and about 1*0 lb. of j^osphorii^atid. with these very small supplies 
of cinereal foq^ the fbrelt will produce 8000 lbs. of dry mattef in the form o^timber. 
The finest is inns nneqnalled for the ppdnctton of huge gr^nrths with sigall supplies 
both of ash and nitrogen ; this eeono^ is speedily marked m the ease of Scotdi pins^ 
which is excellently swted for cultivation on poor siliceous soils. The economy of ihsT 
forest is gmtiy promofpd when the leaf litter is left undisturbed. 

The stdiemente just made refer to forests grown for timber, qnd feOed after many 
years* growth ; the annual roquirements of seedling treqp, thicUy planted in a nurs^. 
are fisr more considerable. {Lctndw, Ytr9mim,*8lQt, xviii. 176) has determinea 

the eompoeition of various se^ii^ trees growing^ on the same s^ The ficUowing 
table shows the quantity of ash-constitnents contained in an acre of seedlings. The 
seedling %eeeh and Scotch pine were one year <fld ; the seedling spmoe firs examine^ 
were one, two, and fonr ymn old. As the one year spruce was finusnaOy Isebit, put 
figurea gtvdi below are in this cage the half of those belonging to the tviip yenn 
plant. The Scotch pine and spruce fir were planted at the rate of about 10,000,000 
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per Here, the beech at the rate of 2,000,000. The following figures are pounde per 
acre : ^ 



Y i 

( pry mal^Fore ash 

K»0 

CaO 

1 P»0* 

1 SJO» 

Beech seedlings ^ 

Spruce fir seedlings . 

5162 

136 

27*2 

46'5 

16*7 

109 

‘3264 

133 

t ?,9-2 

38*4 

20'6 

16*5 

Scotch pine seedlings 

3934 

96 

26*2 

17*6 

18*7 

11*8 


The consumption of potash and phosphoric acid is thus greater in the young plant 
than in the mature tree, but the demand for lime and silica is less. 

Further information on some of th^ubjects connected with trees will be found in 
articles Beech, Birch, Chestnut, and ^TOrse-chbstnut, in this Dictionary. 

6 B. W. 

FOTtMAXiBBSSTUB, CH^O. This compound is formed by the action of the 
silent electric discharge on a mixture of hydrogen and carbon dioxide : + 

CH®0 + H*0 (Brodie, Proc. Boy, Soc, xxii. 171). 

For the preparation of formaldehyde, J. Volhard {Liebig's Annalen^ cljKxri. 128) 
recommends — instead of Hofmann’s apparatus (Is^ 622), in which explosions 

often take place, — a Davy’s glow-lamp (i. 74, 1093) fed with wood- spirit. Over the lamp 
is placed a glass tube, which fits loosely to the neck, and ^s collected by its upper end 
with a condenser, a receiver, several wash-l^ttles containing water or ammonia, and 
finally with an aspirator. The stream of air should be so regulated that the platinum 
spiral surrounding the wick shall not exhibit a glow perceptible by daylight. With 
this apparatus, about 90 to 100 grams of liquid can be collected in twenty-four hours. 
The liquid thw’ p'**oducod gives a bright speculum with ammoniacalcilver nitrate, even^ 
at the heat of the hand. When evaporated with ammonia it leaves a residue of “ 
hcjtmothylonamino. On saturating it with hydrogen sulphide, leaving it for 
some days, and repenting the treatment, it is converted into a thick white pulp, from 
which thioformaldehyde, can* epsUy be obtained (Is^ SitppL 622; 2nd 

SuppL 1166). 

Hofmann finals that the q^uantity of formaldehyde in the liquid obtained by the use 
either of this or his own original apparatus never exceeds 1 per cent., bnt that a much 
stronger solution qiay be obtained by passiig a mixture of methyl alcohol and air 
through a rather nai row platinum tube containing a bundle of thin platinum wires, 
aiul applying a geiitie heat. Streams of formaldehyde vapour then escape from the 
tube, ana yield, who^ condensed, a liquid containlSi^ 6 per cent, of formaldehyde. The 
apparatus, when properly fitted up and supplied with the mixture of air and methyl 
alcohol, may be kept in a state of glow for sei'eral months. M/reover. by distilling off 
the methyl alcohol which condenses at the same time — which may be done without 
much loss of HTormaldehyde — ^freezinff the liquid several times, and then removing the 
ice, a solutioiv^^ obtain^ in which the proportion of formaldehyde amounts to 10 per 
cent. (Dsu^. Chem, Ges, Ber. xi. 1685, Sept. 1878). i* 

On the (impounds of Formaldehyde with Aromatic l^drocarbons, see 2nd Sup^. 

' ; vomnuBteisa (mxo.), CI<H‘.^H(CHS). PhmyjL-thioformamide 

(A. W. Hofmann, DtnU, Chem. Ges. Ber. x. 1095).**-Pnenyl isocyanide, placed in a 
large vessel filled wfth. hydrogen sulphide, is transformed in the course of a few days 
into a crystalline mass (hioformanilide^ wRich may at once be obtained in the pure 
state by dissolving it out with ether and crystallising it from boiling water : 

C^N-~-C«H» *:-• HHS = C»H».NH.03S. 

As, howevei;^ the preparation of pure phenyl isocyanide is rather trotiblesdhie, it is 
better to prepare thibformanilide from the crude product of the action of chloro- 
form on aniline in presence of aU alcoholic solution of potash. On mixing this prodnet 
with a saturated alcoholic solution of potassium sulphide, and leaving it for some 
hours, a considerable quantity of the tbioanilide is formed, t&^ther with mother sub- 
stances ; and on pouring the idcoholic solution into water, an oil is deposited, containing 

besides the thiofoni\anilide~phcnyl isocyanide, methenyldiphenyldiamine, and on- 

altered aniline and chloroform. This liquia is tcieated with hydrochloric acid to remove 
aniline, and the residue after exposure to the air to allow the chloroform toevapoi^, 
is dissolved in boiling water, and filtered. On cooling the thioformanilidecmtallises 
out, whilsl^ the methenyldiphenyldiamine remains in solution as hydrochlorioe. 

Pure tlvoibnnaDiiide myst^lises in long, colourl^ needles which melt at 137*5^ 
with partial decomposition, splitting up into phenyl isocyanide and hydrogen sulphide. 
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lU aqaeouB aolution is inteusely and persistentlj bitter. It dissolves readily iu cold 
dilate allcaline solution^ and is precipitated unchaegod on the addition of an acid; 
• bat on heatlog the alkaline eolation, the thio-oompoujfc is deoom posed, with formation 
of an alkaline sulphide and formate, and Iteration ^ aniline. 

Thiofonnanilide, C*fl*.NH(CSH), boars the same relation to the isomeric com- 
pound, thiobensaniide, 0«H*.CS.NH*, that the isonitril, C*H*a-NSO, bears to Jhe 
nitril, C*H* — (teN. ♦ a • 

rORMSQ AOIB, H.COOH. ForfniUion.--eu Bypassing a mixture of marsh- 
pas and air over a platinum spiral ignited by the^'oltaic current. No formoldohyde 
is prodnc^ at the same time (CoquiUon, Compt. rend. Ixxvii. 414). By the action 
of the silent electric discharge on a mixture of hydrogen and carbon dioxide, 
CO* + H* *= CII*0* (Brodie, Proc. Pov. Soe. xxi. 245). y. By oxidation of trimothyl- 
amine with ^rmanganate (Wallach a. Oialser, Veut. CAem. Gcs. Set. viii. 1237). 
d. By the action of ammonia on gly<|xal (Lubavin, ibid, 76S). 

On the preparation of Formic acia by distilling Oxalic acid witli Glycerin and other 
Polyatomic Alcohols, see Lorin {2nd Suppl, 620 ; further Ann. Chim. Pkye. [4], xxix. 
367; BtdL Soo. Chim. [<§], xx. 241; xxiv. 436; xxv. 217,519; Jahreeb. /, Chem. 
1873, 526; 1875.604; 1876,515; Chem. Soc. Jour. 1873,1219; 1874,140; 1875, 
1250; 1876, i. 560; ii. 59). 

Estimation. — According to Portes a. llujasen (Compt. rend. Ixxxii. 1504), formic 
acid may be estimated volumetrically by mixing 5 grams of sodium acebiteand 9 grams 
of mercuric chloride, with 2‘^gTam8 of the mixture under examination, and 200 c.e. of 
water ; heating the liquid on the mfter-l^th ; diluting it to 500 c.c. ; filtering ; and 
titrating the undocomposed mercuric cfiloride with solution of potassium iodide. 

Electrolysis, — According to N. Bunge {Deut. Chem. Ges. Bet. ix. l«''>98), formic 
acid, when electrolysed, yields hydrogen at the negative polo, an^l cai’bon dioxide, 
•with or without oxygen, at the positive polo. The volumes of the ilireo grisos are as 
2 ; 2 : 1. Bunge supposes that the group CHO*, set free in the first inshince at tlie 
positive pole, reacts with H*0 so as to form (7U®0* and free oxygen, which then 
oxidises the formic acid to CO* and H*0 ; and ho considers tfiat this view is sup^rtinl 
by the fact that the amount of CO* pruddbeti is greater as the conditions of the ex- 
periment are more favourable to oxidation (ditntiiishcKl strength of ciureut, iiicreaiiod 
surface of electrodes, varying density of the electrolyte), 

Seaction with PoLyatonuc Alcohols, — From experiments on the action of formic 
acid on eiythrite and glycol, Henningor c8ncludos that the reduct^n of a polyatopric 
alcohol by formic acid is preceded by the formation of iU formii#, if the Utter cannot 
take place, then also there is no red^tion. In every case of reeWtetion, a polyatomic 
alcohol loses two hydroxyl-groups ; Thus, glyc<4 yields ethylene ;l|glycerin yields allyl 
alcohol; erytnrito yields, first an unsntuTHtcHl glycol, C* !(•(() iT^, then a hydrucar 
bon, 0*H* (Henningerji^RwW. Soc. Chim, [2], xxi. 242). 

Seeudvm with Oxalic acid. — Concentrated formic acid, heated to 1^5® with de- 
hydrated oxalic acid, gives olT CO* and CC in the proportion of 1 ; 1-2’' - 3 ; and since 
oxalic add, when heated al^e, gives ofiT c»qual volumes of the t^ gilF.ieM, it follows 
that the excess of carbon memoxide must arise from the decomposition of the formic 
acid. The same resolution 4nto carbon monoxide and water takes place vrhen formic 
acid is heated with 1 mol. anhydfous potassip^i.iOT miwm formate^ b^inti^g at 
and going on regularly between 150® aiuFldd'', c&rbfm modbxide boifig givoo ofiT atisb 
dilute formic acid distilling over.* At the end of the dytiliation, the residual tbnnate 
has the same weight as at the cAnmencement of the experiment, *and may be used for 
the decomposition of a fresh quantity, f^'ormate of banum Sid the Aher formates do 
not exhibit this property. Formic ac^ reacts in exactly the same way with dry 
acetate of potassium or ‘sodium, the add whide^iltils over tl^n oontaining acetic as 
well as fonniv>£id (Lorih, Bull, Soc. Chim. [2], xxv. 217). 

aMCetaUlc rarmaftea* Potassium formaie, in aqueous Sblution is ddUimposed bv 
a current of on indi0Brent gas, e,g. carbon dioxide, air or hydrogra, st 80®>90®, wit» 
evolution of formic adft (Nandin a. Montholon, Compt. rmd. Ixxxiii. 346). 

Cdleium Formate.-^ecordii^ to Lieben a. Hossi, and Liebermaim a. von Zetta 
{2nd 8upj^, 583), this salt subiected to dry distillation yidda formaldehyde, wldch, 
when treated wiGi sodiuin-amafgam, yields a small qftinUty^f methyl deohoL It 
appears, however, ftom 'later experiments by Lieben a. Paterno {Gats, eksm, Uai, 
iiTTfeo), and by Friedel a, Silva {Compt, rend. Ixxvii. 1545) that methyl aleohol is a 
direct pr^uct of the dry distillation of calctum«formato. Among the produete tjiere 
aleo occurred an oil insoluble in water, which, aft^ purification bv repeated dieUlia^ 
tion, gave by analTeis nombers agreeing approximately with either of fcamahm 
C**H**0, or C**H**0, and having, at all events, a high molecular weight. 
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Vormle Sttaen. Methyl "Formate, H.CO*OH*. — The following is an adTain- 
tageouB method of preparing this ether. A saturated solution of hydrogen chloride 
in wood-spirit, —which should be froshly pre^)arod, aa it decomposes after a while 
with formation of methyl dtkloi^e — is di^illed with a metallic formate, preferably * 
the calcium salt, in the proportion of IpO parts of the salt to 130 parts of the 
saturated alcohol. Tl^e alcoholic solution is allowed to drop into a flask containing 
the formate, and connected with a condenser, as the reaction is violent ; the flask 
should be well shaken after each addition of alcohol.*' The dislullate is neutralised, 
and dried by calcium chloride. The mass thus obtained, which consists of a ciystal- 
line compound of the ether with the chloride, is then heated on a water-bath ; the 
X^arts first distilling are rejected as containing chlorine, whereas the later portions of 
the distillate are very nearly free from chlorine. The ether obtained has a sp. gr. 
of 0*9928 at 0^ and a boiling point of at 712 mm. 

Methyl formate has also been obtfiinad by the action of alcoholic hydrogen 
chloride on hydiogen cyanide, but this reaction if^veiy violent and not well adapted 
for the preparation of the ether. 

When the vapour of methyl formate is passed through a red-hot tube, it is for the 
most part resolved into carbon monoxide ana methyl alcohol : €IH(CH®)0* « CO + CH^O, 
a smuler portion yielding carbon dioxide and probably methane ( J. Volhard, Liebiy^a 
Annalen, clxxvi. 128). » 

Ethyl Formate, CH(C*H*)0®. — A mixture of this ether with ethyl iodide treated 
with zinc yields diallyl-carbinol, (C*H*WHOH, together with diallyl (p. 632). 
Diallyl caroinol is also formed when ethyl formate treated with a mixture of 
ethyl and allyl iodides in presence of ziixt (^afionnikoff, IAebig*8 Annalen, clxzxv. 

Triethyl Formate, or Ethyl Orthoformate, CH(OC*H*)*, is produced, to- 
gether with sodium carbonate and ethyl carbonate, by hf^ating ejhyl trichloracetate 
with sodium flthylate, a reaction which doubtless requires the presence of water 
(sodium hydroxide), and may bo represented by the equation 

OCl* 0(0C*H*)» 

I + 3NaOC»H» 1i.«3Na01 + J 

, COOC*H* COOC*H* 

koO*H* 

(H. Klien, Jenaiache'f^tBchrift, [2], iii. 2 Supplencynth^, 63). 

Orthothioformic Ethers are produced by heating the aqueoub solutions of 
the sodium-deriTatives of the corresponding mercaptous with chloroform, ey, 

3(C«H«.SNa) + CHCl* * 3NaCl + CH(SC»H*)*. 

Ethyl Orihotht^formate is a mobile, pale yellow liomd, having a repulsive and 
persistent alliaceous odour. It is partially decompov^ by distillation. Fuming 
hydrochloric acid resolves it into ethyl-mercaptan and fomic acid. 

Fhmyl /h'thothioformate, OH43C*H*)*^. prepared , in Cike manner, cr 3 ^talli 8 e 8 in 
f liort white prisms, which*hielt at 30*6^, anti dissolve in ether, benzene, nitrobenzene, 
glacial acetic acid, and carbon sulphide. It is decomposed by fuming hydrochloric 
acid at 100^ in sealed tubes, yielding phenyl-mercaptfin and formic acid ; 

**OH(s64h*)* + 2H»0 = 0H»O» + 30*H»(SH) -> 

(Gabriel, Beat. Chem, Gee, Ber. x. 19v^. 

The^bmtc ethers of wlyatomic alcohols (form! ns) are obtained by^heatkiff these 
alcohols (gl/cerin, erythnee, &c.) with oxalic acid. When heated to about 186®, they 
are easily decoroposea, with evoLUtioii of carbon monoxide, which may thus be readily 
obtained iu the pure state (Lorin, Compt, rend, Ixxxii. tl29;' ^Bnllm Sm, C&tai. [2], 
xxy. 389 ; Cham, 8oo, J, 1876, ii. 58). o 

VOmMCO&THOTOliintna. See ToaumnniS, 

rCKMHbOW. See Dxoitalis (p. 647). ^ 

» AOZ3»» See 2nd Snppl, 554. 

imMMmaxMrrm. o. H. Am. J. [s], xii 210) 

leveral sp^^en8 of this mineral, ^th the view of ^tennining whether the Tariation 
n the amou^ of iron which occurs in it affects the ratio of monoxides to sesquioxides, 
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and conaequently its relation to the spinel group. The first experiments were made 
on perfectly formed crystals from Mine HiU, the mean of the analyses giving : 

BIO* Pe*0» MnH)* XnO ^ ZnO 

017 63*40 4*44 10*46 ’ 28*11 *= 101*68. 

The relation of the metals to the ol^rgen calculated from this analysis would 
be — 




Metals 

* Oxygen 

Fe* . 

* a 

.• 44*38 

]9*02K 

Mu* . 

. • 

. 3*09 

1*35] 

Mn . 

. 

. •8*10 

2*36 ( 

Zn • . 

. 

. 18*55 

4:56) 


602 

Dividing by the atomic weights, the ratio of metals to oxygen would be 
A : O :: 3 : 3 * 990 , nearly equal to R*0%^r an oxygen-ratio of the monoxides to 
se^uioxides of 1 : 0*981, or nearly 1 : 1; corresponding with the formula of the 
spinel group, (R*0*-|- RO — R*0*). •The state of the oxidation of the manganese was 
determined by dissolving the mineral in hydrochloric acid, and estimating the 
liberated chlorine by Bqpsen’s iodine method, the mean of these results being 0*46, 
which requires the presence of 4*44 per cent, of Mn*0*. 

A second sample gave, as a mean of four analyses — 

810* Al*©* TW FoO ZnO 

0‘U8 0*65 67*42 15*66 6*78 

giving as the relation ^twssn the gielals and the oxygen : 

Metals 
0*35 
47*19 
12*17 
5*44 
7*38 

1*331, or 3 : 


Al* 

Fe* 

Fe 

Zn 

5In 


These numbers lead to the atomic ratio R 


MnO 

9*58 


Oxygen 
0*30 ( 


100*11 


0:;1 


20-28 " 

3*48) 

6*07 

2*25) 

3*994 «■ R*0*, and show 


the oxygen-ratiu of monoxides to ses(|ut<aidcs to >ki 1 ; 0*981, or nearly 1:1. 

The results of the analyses give iff both cases a ratio very nearly corresponding 
'with that of spinel, notwithstanding the great difift^rences in the rill^vu amounts of 
iron, sine, and manganese. 

Pseudomorphs after calcspar, consisl^i^ of a mixture of fVanklinite with 'manganic 
hydroxide, have been analysra by H. B. Cornwall {^American OKemtsf, 1873, iv. 127), 
with the following result: * 

FS-O** Mii'O* ZnO C»0 ♦ MgO K-O.Na-O H“0 810* 


c| 

1*488 


14*627 58*387 5^5 4*739 1*253 tntoes 11*203 3*488 0*170 » 00*242. 

• Other dcterminAtlonH gave* 12*777 stwl 19*120 per cent. 

See SsLIQCIUK-BISMUTH-CILaifCR. • 

A ^drated manganous silicate from tb#mailganeBe mine of 
Adervielle in the Louron *7ariey, Hautes-Pyrdndes. It occurs, sometimes in sugar-llks 
groups of small hcxagoiAl plates, with distinct clearago parallel to the face ORi 
sometimes massive. 8p. g^ n6*07. Haadness >b 4‘5 to 5. Colour, red.* Traiispqr^_ 
to translucent. Analysis gave ^ 

8iO* MgOCaO * 


, 36*12 


el 00 


63*05 • 2*06 %87 

t WiUaa Kmall quantity ef Iron. 

leading to the formula*4Mn0.3SiO*.2HK> (£.*Bettrand, Carrtpi, rend. Ixxxiii. 220). 

FJtOCTa Oil the EBtimaiion of Citric and Tartari^ Acide in FkitU-Juicee, see 
page 508. 

On the DeUdiofhf Fucksine or Boeaniline therein. See RosamLUOE. 

On the FermeiUaMon of Fruits. See Frrsiiktation (p. 778)> 

See SuoAR. ^ 

She Rosariui^ * 

See the next article. 


JTATWI, C*N*MK>*, and WmMtmmAVmm, (A, Steiner, 

Dent. Chem. Gts, Ber. viL 1244 * viii. 618 ; ix. 979). 1. Aetieh qfffydra/fem Bsdmhide 

en Heremric FulmimaU. — Wheft drv hydrogen sulphide is pawMd into anl^acous 
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ether in which mercuric fulminate is sospendod, there is formed, together with 
ammonium thioi^anate, a white substance having the composition ; it 

contains the elements of 1 moL fulminic acid, or nitro-cyanomethane, CH'‘^(NO^)CN, 
and 1 mol. SH^and may be regailded as nitro-acethiamide, CH*(NO*) — CS(NH*). 
The ethereal liquid filtered from fjmercuric^ulphide contains a portion of the nitro- 
acethiamide in solution, and on spontaneous evaporation leaves that substar.cB, 
together with an aqueovs solution of ammonium thiocyanate and oxalic acid, which 
contains free sulphur in suspension, after a while (jeposits long crystals of oxalic 
acid. To obtain the nitro-acethiamiae free from sulpnur, it is rinsed several times 
with water, till the water, which is at first milky from suspended sulphur, runs away 
quite clear, and the nitro-acethiamide is washed with water on a filter till the wasli- 
water no longer exhibits the thiocyanate reaction. This first portion of the compound, 
obtained from the ethereal solution under which the fulminate has been decomposed, 
is, however, less pure than the latter portions, which are extracted from the mercuric 
sulphide by the use of fresh ether. * 

Nitroucothiamide crystallises in microscopic prisms insoluble in water, moderately 
soluble in alcohol and other, from which however it cun he obtained only by apon' 
taneous evaporation, as it decomposes, with separation of sulph^, at temperatures below 
the boiling point of ether. It is quickly decomposed when g&tly heated with water, 
and still more quickly by aqueous ammonia, into carbon dioxide, ammoniqm thio> 
cyunato, and free sulphur. Treated in ethereal solution with hydrogen sulphide^ it is 
resolved into oxalic acid, ammonium thiocyanate, and free sulphur: 

2C^H^N«0*S + SH* - 2CNS(N1I0 + + S. 

Heated with chloride oflime^ it yields chi orqgpi^crln. 

Action of Ammoovia on Mercuric Fulminate . — This salt, treated with aqueous 
ammonia, yields urea, guanidine, and two nitro-compounds of high molecular weight, 
Toprosontod empirically by the formula C^H'*N**0*. One of thei^. which is amor- 
phous, is obtained I in the form of a mercury-compound ; the other is obtained in 
the free state, and forms small necKlles. Wheu the action takes place at 70*^ under 
pressure, a third nitro-compound, crystallising in needles, is produced. 

This last bod;^ dissolves easily in warm, sparingly in cold water, is insoluble in 
alcohol, and forms well-crystallised salts. * Heated to IdO^ with water or dilute 
hydruchluric acid, it is completely resolved into carbon dioxide and ammonia, [? and 
free hydrogen: C’'H"NH)*+ 9ll’'0^6C0®+ 9NH*-rH*] ; fuming hydrochloric acid 
does nut appear to act upon it. 

Mercuric fiilminat^ hoate<l to 80'^ in a clofi^d vessel with alcoholic ammonia, yields 
ammonium carbonate, Irvaces of a nitro-compound soluble in alcohol, a body containing 
cyanogen and ammonia, and finally basic mercuric fulminurate. A double 
compound of the lont lilro substances may be extni^ed from the mercuru precipitate 
by hot water. The re&ulting solution leaves, on evaporation, a crystalline body of 
curdy aspiH't, vrliich, after repeated solution and evaporation, *loavos the sparingly 
8olubl<* basic fulniiimrato of mercury. This curdy substance, when treated with acids, 
gives off hydrogen cyanide; when decomposed by hydrogen sulphide, it yields mercuric 
sulphide, umniupjuuiofulminuratc, and hydrocyanic acid ; when boiled with sal- 
ammoniac, it yields mercuric chloride and ammonium lulmmurate. 

It api^oars then that when mercuric fulmioato is heated** with alcoholic ammonia, 
it yields nothing but fulminuric aci^ whoreqs, when heated with aqueous ammonia, 
it' jields uroAt, gunnidine, nad the complex i^ibstances above mentioned. Hence it 
np|>ear8 probable that fulminuric acid is likewise formed in this latter reaction, but 
that, instead of appearing in the Vroe state or in the form of ammonium salt, it enteri 
into combination w^th the ^lanidino present, or with ^anidine-reaidues, giving ri 
to these complex bodies, which^ according to this view, should bo aerivatives of 

fulminuric acid, C*H*N*0*. Ana, in fact, when xho body C*H'’„ . 

alcoholic ammonia in a sdhled tul^ to acout 120^, till it was completely dissol^md, it 
yielded, tAget^er with CO* and NH*, a brown fiocculent body, which is likewise 
obtained under similar cirt^msiances from fUlminuric acid. Moreover, the alco- 
holic solution contained a larglS quantity of guanidine. Th) same result was 
obtained with the modification of the body OH'*N"0* which C];vstallises in needles. 
A further proof that these bodies are derivatives of fulminuric acid is afforded by the 
fact that when treated with stropg sulphuric acid, they yield products identical with 
those which ore obtained by the action of sulphuric acid on ammonium lhbaiitniate« 
via. carbon dioxide and mly uitracetonitril. If the reaction be continned till thm 
evolution of carbon dioxide ceases, and the clear yellowi^ solutioii be diluted with 
water, .ciystalline uitracetonitril is immediately piedpiCatsd, identioal witli> that 
which is obUyued in likermanner from at;;imoDiom fulminuTate(8eeNiTiio-acKroinmiLs). 
The sulphuric /icid solution also contains a large quantity of a 
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These bodies may therefore be yeiy probably regarded as fulminurates eontaaning 
guanidine residues united by the nitrogi^ of the cwnogen, 'which has become quin- 
quiralent. The body, C*H**N*0*, and its silver salt, may perhaps be represented by 
the following formuhe : t 

H— O— NO« HN=C— NBP f. ^Ag— 0— NO* HN-C~NH» ’ 


HW— <SN- 

A 


X 


,4^ 


i:=NHHCN) Q=N 

HO^X=NH ll 


X 


-l4l! 


»=NH{CN) 

AgO^XrNH 


The bodies contain an additional group CNNH*. 

These compounds may be called fulmiguanurates, which contains 

three guanidine-residues, being distin^ished as fulmitriffuam/ra/et and 
which contains four such residues, lis fidmiiMrafiuanuraie, 

Steiner suggests for fulminurtc ^d the constitutional formula 


CH(NO*X0N) 

io.NH* 


CHNO* 

|]n.CO.MH» 


Double JSalte of Merourio Fulminate. — A compound of this salt with 
potassium cyemAo, C*NK)*Hg.ONK, is obtained in needlo-sha^ied cr^^stals by adding 
the fulminate to a 'warm <»ncentrBtad solution of potassium cyanide, filtering the 
gTeenish-yellow solution, ana leaviaf it to cooL It mssolves easily in cold 'water and 
in alcohol. The aqueous solution dSbomposes at a certain degree of concentration, 
with a decrepitating noise and deposition of a hard green substance. The solution 
mixed with a dilute acid in sufficient quantity to decompose the potassium cyanide 
^deposits pure meNMric fblminate. 

A similar compound with potassiom thiocyanate, 0*N*0»Hg.CN^, crystallises in 
lamine, slightly soluble in cold water, decomposed by hot water. The corresponding 
ammonium ealtt C*N*0*Hg.CN8(NH*), also crystallises in laniinm (Steiner). 

Iron f\tlminurate7 — A salt thus detigHated is produced, according to E. W. Davy 
{Chem, News, xxxtii. 47). by the action of metallic iron on merc^ic fulminumte 
suspended in water, mercury being then procipitatod and a purple sMt remaining in 
solution. If the iron be partly precipitated from this solution by an acid, there 
remains a liquid which, on addition of dilute acids, assumes a ^fplendid rod ordour. 
The some coloration is produced when a solution of potassium dbrrocyanide Is added 
to water in which mercuric fulniinurate is Buspendo<l, and Ih^o resulting liquid is 
heated or mtiEed with a dilate acid.^ Hence Davy concludes thA in br>th cases a salt 
is formed having the^mposition of ferroso-potussic fulminate" FeK*(C*N*0*)*, and 
that this salt is oonvSRed by acids into an acid iron salt, [forroso- 

hydric fulminate]. Neither of these salts is stable in the dry state. 

CH->CO»H w , 

wnwukMKo Aom.c^Hy* » M . The act ion of ftiming hydrobromic 

• cu— coni 

acid on this acid and on maleic qpid has exan^ed by Fittig a. Dom (Deut. Chsm. 
Gee, Ber, ix. 192, 1191 ; lAe^e Annatfn, clxxxvii. 42).* Fumat^c acid, 
with concentrated hydrobromic acid in sealed tuljcs at lOOj®, is converted into monT 
bromosuccinic acid, apparently identical with that foftued oy tlie action of bromine 
on succinic acid. When boiled with yAtor the brominatg^ acid i| almost ent irely 
re-converted into fumaric acid. MaLeic acid* or anhydride, in fine powder, 
dissolves quickly in cold Aiming hydtmbroim^ ju4d, and is almost fanmediately con- 
verted into fumaric and'mouobromosuccinic acids in equal nulhbera of moleeules. 

The bromosuccinic acids formed in this manner from fumaric and m^eic^adds are 
identieaL The two acids, when tmted with sodium aidalgam, likewise yield the 
same product, vix. ♦ordinary succinic acid, CH* — CO*H, but witsh 

bromine ^ey yield ^fiTcrent prodnets. These facts are not consistent with the 
snppositimD that nialmc acid is a saturated compound rspreseoted bv tjic formula 
CH*=C(COOH)\ but they are eompleUly account^ tar if maleic acid be regarded ae 
an unsatumted compound cofniainiiig two free oambifiiDg umts, and represented bf 
» CH»— OO— OH • 

the formula I • This view likewise aoeounts for the feet that mateie 

e =C— OO— OH • * 

takee-up bydiobromlc or hydrochloric acid yueh more readily than f^avic aeid. 
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aldehyd^fMfuiial, 


CH— COOH 

n (l«iinpricht, Lieinff*s Annalm, 

CH“— COH 

clxv. 253), is formed, with evoIt.tion of carbon dioxide, by the action of chromic acid < 
mixture on pyromucic acid : ^ oi 

0»H-O* + 0« « C«H^O» + CO®; 

also by the action of bromine (2 mol^) and water on {pyromucic acid (1 mol.) : 

C*H^O* + 2H*0 + 2Br® = C<H«0* +"cO» + 4HBr. 


The bromine in the proportion jusi^ mentioned is taken up and decolorised, even at 
ordinary temperatures ; and if the solution, either directly or after remov^ of the 
hydrohromic acid byailver oxide, be agitated with ether, and the ether then left to 
evaporate, there remains a syrup from which the compound C*H*0* sometimes 
ciystallises out over sulphuric acid after^ week or a fortnight, sometimes not at all ; 
on the other hand, the brominated liquid, if heatet^ on the water-bath, yields fu marie 
acid. The indistinctly crystalline compound maybe regained as fumaric 

aldehyde, since it appears to yield fumaric acid when treated with silver oxide, and 
precipitates metallic silrer when heated with silver soluttbn and ammonia. Its 
aqueous solution gives with neutral lead acetate a white precipitate, which dissolves 
when heated. When neutralised with baryta^water it remains colourless, but is 
coloured yellow by an additional drop ; and on further addition of baryta-water, and 
boiling, it yields a yellow precipitate, which, like that precipitated by alcohol from 
the nearly neutral solution, has the composition (C*H*£)*)*Bh. The original com- 
pound may be separated from it. Witli sodium-amalgam the compound 

gave in one experiment in anoftier C^H®0*. • It does not unite with 

alkaline bisulphites, but forms a brown resin with ammonia in ethereal solution (see 
further p. 836). 

l*nroX« 'Tlbu presence of oxalic acid, which, in the form of hydropotassic 
oxalate or of calcium oxalate, has been regarded by some chemists as a common con- 
stituent of fungi — has been demonstrated in about 30 species by the experiments of 
Hamlet a, Plowright {Chem, A'tfws, xxxvi. ^ y Clmn, me, J. 1877. »• 796). One of 
the most remarkable examples of strong acidit^ in a fungus was afforded by Fistulina 
he'patica, which found to contain 0 083 per cent, of free oxalic acid. The con- 
stitution of this plant was found to be as follows: 


Volatile 

constituents 


Mineral 
constitumits 
(ash) , 


Water . . , c 

'Oy^alic acid 
Pat . * . 

^ V oody fibre (cellulose) 

^ ^ycoso 

Extractive matter 
^Ilesin 
/Silica 

E erric oxide . • 

ime 

, Magnesia . 

Potash 

Phosplioric aciS^. . 
Sulphuric acid . 
'Chlorine 


c> 


or^Meiacd^ulose, See Flxkt-ti 


008 

016 

203 


86-120 


W*984 


0-896 


lOOOOO 


X*UXrurRA& or wmUPJrMOlBh Pyromueie Alde'hyde , — This compound 

may be obj^ained from wood by heating with water under pressure. Wben wood in 
small chips or^shavings is J^eated for four hours w'ith water to about 198**, an acid 
liquid is obtained, yielding, by distillation, methyl alcohol and an oil which boils 
between 186^ and 216**, and may be separated by cooling with a freezing mixture 
into two layers, the upper of which appears, from its odour and* composition-, to be a 
mixture of tui^ntin^il and (prmene, while the lower, when subjected to fractional 
distillation, yields furfural boilipg at 163*^-171®. The crude oil, of which 10 ounces 
were obtained from lOOo pounds of wrood. Contains about 42 per cent, of fnrfnrul. 
Wood boiled with water under ordixuuy pressure fioes not yielci furfural (O. GreviUte 
Willia^ Chetn. News^ xxvi. 231, 283^. H. Muller (ibid, 247) likewise <mierved the 
formation of fhrfural by strongly heating wood with water. ^ 

According to Gu<hcow {Zeiischr. yi Chem, 1870, 360) bran, digested with dilnte 
sulphuric acid, is completely exhausted of the constituents which yield frirfViral, 
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ftfteor digestion with - eawtic potash, yields but little of that eomponnA CellnloM, 
gnm-afubie, and wheat*starob do not yield furfhraL \^en pigs are fed with bxan, 
theihxfuxal-yieldiiig substance paa^ into the dui^, and appears not to be digested. 

MMtloa of Vroa wltb y mftirt i f (Hugo ftchiff; Jkut. Ckem^ Ges. B«r, x. 778- 
776). Host aldehydes act easily on aqueous or alcoholic solutions of urea, fbming 
condensed ureas, but furfural appears to have no action upcA such solutions. It acts, 
however, in a peculiar maxpifr on solutions qf urea nitrate, a vicdet colour bding pro- 
duced, which gradually disappeon, with deposition of a black substance. The cotour 
is not occasioned by the nitne add. Aqueous solutions of fhifural are not coloured 
by dilute mineral acids, except after the furfural has begun to c^onipose, when they 
certainly have this effect. Now although neither acid nor urea alone colours pure 
furfural, a very characteristic change occurs when the two substances react togeuier. 
If a solution of urea in about 3 parts of oqiioentrateJ furfural- solution bo treated with 
a few drops of concentrated hydrochloric acid, the liquid becomes warm and then 
gradually of a splendid purpIeAiolet colour, and finally solidifies to a brownish- 
black mass. This effect is produced in alcoholic solutions. Aqueous furfuml solutions 
after some days, even kept in the (Urk, acquire the property of becoming coloured 
by mineral acids. If hydrochloric acid of sp. gr. 1*1 be employed, a pale>red colour 
appears in aliout ten minubes, but if a small crystal of urea be dissolved in this solu- 
tion, a^deep violet colour is formed in a few minutes, slowly changing to brown and 
deporting a black substance. The reaction, which is very delicate, has also been 
obtained with the slightly soluble polyureides of the aldehydes, and with urine. With 
many amides, as acetiimidh, ben^poiide. oxamide, thiocarbamide, mono* anti tliphonyl- 
thiocarbamide, taurine, gl^ codno, ersatfte, c^'iinuric acid, uric acid, alloxan, oxalune acid, 
parabanic acid, the reaction is not produt^ *, but it takes place with allautoin, thougii 
perhaps somewhat more tardily and less intensely than with urea. The hydrochloric 

acid acts in suchea manner that the aldehyde group — chqfigtH into the group 


yOn 

— C^Cl , which, having but little stability, acts easily on the NH'-gronps of the 

\h 


urea, with formation of water, and ^production of hydrochloric acid, just as in the 
case of aldehyde-condensations ctfectea by small quantities of hydrochloric acid. A 
result indicating the occurrence of such a reaction is obs<*rv(Hi when rather more 
hydrochloric amd is used, and the experiment is conducted ns follows : A very small 
crystal of urea in a small dish is covered with a drop of higlUf coti cunt rated aqueous 
furfural solution, and a drop of hydrochloric acid of s|:v added. A 

change of colour occurs very rapidly, passing through yuUo'|. groi'u, and blue into 
violet, the latter in a few minutes changing to a splendid purpiu-violut. This change 
of colour is quite different fri>m that which altered furfural -water wruuld undergo 
without the addition 87 urea. The reaction is extremely delicafei, the tint, becoming 
80 intense that in ten minutes the solution may be diluted with 60 |p 80 iimus its 


bulk of water, and yet retain its (colour most definitelv.^ The b1ag|L substance separat- 
ing in t.hiM Utter case is amorphous, like carbon, and insoluble m ofidinaiy solvents. 
After washing with water ud drying at 1 10^ it contains hydrogen aud nitrogen. It is 
HuppoB^ to be a humus-lito body, which has carried down some urua with it, to which 
it oWinately adheres. *• • • • 

The difference between the behavior of furfiiral ana that of other aldehjdeiPto 
urea and other amides, is obserfkhie also in the react|pD o6»fbrfpral with 1>asLC amines. 
Most aldeh^es react with aniline and teluidine in such a manner that water separates, 
and the diatomic aldehyde-residue tak« the place of the h^bogen the NH*^(roup: 
C*H*.NH* + « H*0 + C*H*^:=OH" Jlsf Suppl, 79). whereas, according to 

Stenhouse, 2 mola. of * aniline or toluidine dtate directly a»d without separation of 
water, jri^ J mol. of fbrfhml, to form basic bodies (2nd JSuppL 1178). • 

m ® 


mHtemorjlIo Aefdt -■ C^H*0 — CItrzCH — COOH. the group C^HJO 

being called * FurfnV (Baejer, DetU, CA^. Ges. Ber. x. 365). lliiB a^, metamerie 
with sali^lic acid, anc^nalo^us in constitution to the homologues of cinnamic acid dis- 
covered Perkin (p.n500), is produced by a process similar to that which gives rise 
to the latter, viz. by the action of acetic anhydride am^sodinm acetate on tarfamX - 

OW).COH'+ CH*.C0qp - H»0 * C*H»0.cft=0H.C0»ir. 


When Ijpt. ftiifbral is heated to bmling with 2 pis. sodium scetste and 4 jpis.^toetie 
anfaydrifle for eight hours, the solution on eoolfng solidifies So a cfysteliiiie mass, 
which disBoWes almost completely in warm aqincus sodium earbonate^toe elution 
vielding with acids a prenpitote of fnrhiraciylic acid in the form of large yellow 
’ 3nf 9 m ^. 3 H 
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needles, in quantity nearly equal to the fhz^ural employed. After purification with 
animal charcoal and recrystallisation, the acid is obtaiuM in long oolourlesa needles. 

Fnrfuracrylic acid smells like .cinnamon, melts at 195^, and Yolatilises undecom- 
posed with vapour of water. It dissolyes sparii^ly in cold water (about 
more freely in hot water, and crystallises immediately on cooling. Strong 
acid dissolves it with a green coloration, which is tolerably stable. Strong" sulphiino 
acid acts in a similar manner. 

TtirfluroproplOBih JiLoiAf C'H^O* = formed by the action 

of nascent hydrogen (i^ium-amalgam and water) on furfuracrylic acid, is much more 
soluble in water than the latter. When extracted by ether from its aqueous solution^ 
it remains on evaporation as a colourless .crystalline mass, melting at 60^^51*’, and 
possessing in a higher de^ee the peculiar odour of furfuracrylic acid. It is coloured 
yellow by hydrochloric acid, and, when wa^^med with that acid, forms a reddish-yoUow 
solution containing a non-volatile acid, the composition of which has not yet been 
determined. 

mronlc Aold,C"H«O»-C0*ILCH=:CH.CO.CH».CH*.CO2H. The aldehyde of 
this acid, appears to be formed by the action of broi^ine on furfuropropionic 

acid, nearly in the same manner as fumaric aldehyde is form^ from pyromncic acid 
(p. 882). 

C*H<0» + 2Br* + 2H»0 = C«H<0* + CO» + 4HBr 

Fyromncio Fumaric 

acid aldehyde 

CrH»0* + Br» + H«0 C'ipo* 2HBr. 

Purforopro- ^ C*uronio 

picnic acid aldehyde 

The aldehyde is, however, very unstable and not easily separated ; but if the bromine 
mixture bo at once heated with silver oxide (3 mols.), the silver sail of furonic acid is 
producf^l, according to the equation : 

C»H»0* + Br* + H^O + 3Ag®0 « C^H*Ag»0» + 2AgBr -h Ag« 4- 2H*0. 

1*4 gram of furfuropropionic acid is dissolve^, with aid* of heat, iu 100 grams of 
water, and the cooled liquid, filtered, if necossaiy, is mixed with an exactly weighed 
quantity of 1*6 gfam of bromine = 1 mol.; the slightly yellow liquid, alter being 
completely decolorised with sulphurons acid, is immediately poured into a flask oon- 
ttiiuing a quantity of recently precipitated end well -washed silver oxide (<» 6 mols. 
prepared from 11 graW* of silver nitrate); the mass is digested for 2^ hours at 65*^- 
70 ^^ ; and the temperature is then raised above 70°, whereupon decomposition takes 
place. The progress the oxidation may be traced by mixing a small portion of the 
liquid with hydrochloric acid, exhausting with ether, and heating the crystalline mass 
which remains after the evaporation of the ether, with strong hydrochloric acid. The 
first samples thus treated exhibit a rod-violet coloration, but towards the end of the 
process this coloration is no longer produced. At the end of the reaction, the mass is 
mixed with hydrochloric acid and exhausted with ether till that liquid no longer 
acquires a yellow colour. After evaporation of the ethec# the fhronic acid (I gram) 
remains in yellowish crystals, which may be purified by treating the' hot gqheous 
solution with animal charcoal. 

acii separates from^hc hol^Iution on cooling, in slender colourleM 
nbedles, melting at 180°. It dissolves sparingly in cold water and in etlier, without 
colour in strong hydrochlo^c ao'd, oven when heated! Strong sulphuric acid disaolvef 
it with reddish-yellow coIq^jt, changing to broym on heating. The i^ueoui' eolation, 
neutralised with ^mmonfh, yields with silver nitrate a white precipitrte od JpH salt 
C'H*Ag*0*, which is but slightly altered by belling with water. 

Furonic acid, heated uO 200°-205°^ith hydri^io acid and red phoeidu^nMj^jieldi, • 
— in addition ^^to an oily body having the odour of the fatty acids, and ecii* 

slating of caproic acid — crystals of a bibasic acid agreeing in all itapsopaliea 

With Uie normal or a-pimelio acid which Bale cu Schorleromer obtained firom vnoerone 
(see PiMKLic Acn>). Hence it follows that furonic acid belongs ^to the normal Miiai 

o^Pimelicacid . . . CO*H.CH* CH*CO^H. 

Foronieaoid . • ^ • CO*H.CH=CH.OO.OmCH*.CO»H. 

Furonic acid, heated' to boiling^ with baryta-water, is decomposed in the sme 
manner as pyromucic acid, a yellow precipitate bdlng formed, consisting of the bariaii^„ 
compqund of fumaric aldel^e (p. 882), while a volatile fatty acid, smeUtng 1^^ . 
acetic or propionic acid, remains in the mother-liquor. ^ 

Sydroftronto Autd* C^H**0*, is farmed from furonic acid by the actido of W^fer 
and sodium-amalgam at ordtnaiy temperatures, or of hydriodic acid and red j^os- 
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phortu at 160^. It is v&ry soluble in water, and cxystallisds in needles melting at 
112^. Its silver salt is a white precipitate moderatelj soluble in hot water, and 
turning on exposure to l^ht. 

Bj thejnrther action of sodium-amalgani, hydrSfuronic acid is reduced to pimelic 
tUlEe^er with intermediate products^ • 

VorfteibhiigoUo Aoid« C•H»•0*«C*H»O.CHr=OH.CH».<3^* CO«H (Beeyer, Dmt 
CSUm, Gee. x. 1364). This acid is formed by gradually heating furfural with 
nornial butyric anhydride and sodium butynAe in^an open vessel to 100°<-180^ for 
twelve hours. The resulting mass die^lves oasiW in hot aqueous aodium carbonate, 
and the solution mixed with sulphuric acid, yields furfurangelio acid as a brown mass, 
which may be decolorised by animal charcoal. The acid crystalKses from hot water 
in colourless silky needles, melting at 87^-88^. 

By sodium-amalgam, furfurangelic acid is easily reduced to normal furfuro- 
valeric acid, OH' W = C*H*O.CmCH».«H*.Cli*.CO»H, a colourless oil, convertible 
into a cxystaUised acid by treatment with silver oxide. 


SHirfterobwtjlena, OH'«0 -« C*H*O.CH=:CH.CH’.CH*. The action of isobutyric 
anhydride and potassium isobutjrrate on furfural is quite different from that of the 
normal anhydride; it be^ns at 70^ with evolution of carbon dioxide, bocomes more 
eneigetic as the temperature rises, and is nearly completed in four hours at 160°. The 
resulting brown mass contains only a small quantity of a crystaUisable acid ; but, on 
the other hand, a considerable quantity of furfurobutylene, in the form of a colourless 
oil which bolls at 153^^ and has a peculiar o<lour resembling t hat of Carohun ^ycophanta^ 
Furfurobutylone is theSiseconditnown hydrocarbon-derivative of furfuran, 0*H*0 
(tf|/n»}, the first being the compotTnd^wWch Cahours obtained by the action of heat 
on tbiofurfural (ii. 753). Cahours assigned to this body the formula ; but 

Schwanert has shown (Xis5^’s Annalcn, cxxxiv. 61) that it differs from thiofuxfural, 
0HK>S, only by the absence of sulphur, and has the compositiou C^ll'O. It may be 
s zegaided as the stftbene of furfuran. C‘®UrO* « C'H*O.CH:rr CH C'R •O. 

Conetituiion of Furfural and He DvrivatU te. — Limpricht (/>cwf. Ghem, 
Gee, Ber. 1869, '21 i) regards these bodies a» derivatives of a hydrocarbon, called 


tetrene. 


C'U* 


*HC::zCTl 




composed of 2 mols. of acetylene, and inCerniodiato between acetylene and benzene ; 
thus: * 

C— C— CO.H 

{ I 

1!C™CH 
Furfural 

IlfcC-NH’ 


HO— 0=0— OO.OH 


Pyramudeadd 

HC=C— NH» 

#h=Jm 

Pynol 

Baeyer (IMsf. Che^n. Gm, J^er. x. 136J|)and >Schi AT (t6kf. 1192; fiwther^'fu* - 
M. itoL 1878. 77) take a somewhat tpiffcront view of* the ronftitution or tlnnw 


I t 

IIC~C -CO.NH* 

r'arlxTpj rrolomUle 


H0-|CiiiC— CH*OH 

•I X 

HC-rzCll . 
Furfuryl-alooliol 

HC—CANH* 

HC— 

<Tart»o|)>’m4jc add 


ckim. UaL 1876, 77) 


bodies, zeM^ng them as derivslives of the compri^nd (Limpricht's tei 

>L Bheyeris furfuran), which Limpricht obtained by distilling the barium 


tetra- 

^yePs furfuran), which Limpricht obtain'ed by distilling the barium salt 
Jc add with sodsdime {2nd ^ippL 1032). Witk^pgard Iw its Cfjnstitution, 
bas^own that it is not attacked hy Bq4lum or reduced by sodium- 
^aod that it does not combine witfaa^adine bisulghites : hence it cannot 
^^'a^ahyde-, Ketone-, or aloohol-gproup, or an ordiuaiy ether-groui^ so that 

Mins for it, amongst known forms, only the type of ethylene ox*de, 

or perlim that of vl^yl oxide, U*C:=CH - the first leading to fomula 

(iX tlm second to (2) <» (3) : 

• a> <*> <»> 

HC=CH HC— CH . HC X’H 



li-la 


JL' 

Y 


' i4 . O ^ u • 

All of these fcrmulst are in a^rd4Uietf with the olwervalion of ILilst^itt (Iv. 766) 


V 
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that etbylic pyromncate can take up 4 atoms of chlorine, forming the compound 
C*H*01XC^H*)0^, and all three lead to the eame chlorine-compound, 

ano— CHCl 
** aHC •oHCl 

.V .. 

A criterion between the three formulm may be found in the fact, discovered by 
liimpncht, of the formation of fiAnaric acid by ^e oxidation of pyromucio acid 
(p. 832). When pyromncic acid is treated with bromine and water, carbon dioxide 
is evolved, and a body having the composition is formed, most probably 

consisting of fumaric aldehyde, as it reduces silver salts and appears to yield fumaric 
acid by oxidation. Baeyer also has obtaidhd fumaric acid by heating a ddute solution 
of pyromucic add with bromine and silver oxi^. This resdt is easily explained 
if pyromucic acid be represented by a formula derived from the first of those above 
given for furfuran, and the separation of 00^ be supposed to occur at the place of 
one of the carbon-atoms attached to the oxygen ; thus : * 

HC=CH ' HC=:CH 

U + Br* + 3Ag*0 =11 

— CO*H HOOC COOH 

V . • 

* » * + CO* + 4AgBr + Ag*. 

If, on the other hand, pyromucic acid were represented by a formula derived irom 
the second or third formula of furfuran, its conversion into fumuric acid could not 
taLke place with(>ut transposition of atoms within the molecule. * 

Formula (1 ) for furfuran is further confirmed by the mode of conversion of furfuro- * 
propionib into furonic acid (p. 834). Furfuropropionic acid requires 2 atoms of 
bromine to convert it into an aldehyde-compound, which may then be transformed 
into an acid by the action of silver oxide. ^ dBijypposing now that the lateral chain is 
attached to a carbon-atom of furfuran which is directly connected with the oxygen- 
atom, the formula of furfuropropionic acid will be ; 

HO=:CH 

* d^-CH*— CH»— CO*H. 

I 

The formation of the aldehyde requires the addition of an atom of oxygen ; the 
oxygen-atom already present remains attached to a CH-group^forming the aldehyde- 
group COH ; 4 and the additional oxygen-atom attaches itself to the carbon-atom 
which was linked to this CH-group, forming a ketonic group CO, and at the same 
time the linking of file two carl^n-atoms is severed. Th^resuiting compound, fiiionio 
aldehyde, has therefore the constitution represented by the formula 

^ C0H.CH^CH.C9.CH*.CH\C0fH 

abd the aldehyde, by taking up 1 at. Oxygen is converted into furonic add. 


Adopting tlien the for^la (1) for furfarai\, the principal compounds of the group 
will be represent^ by th8 following formula: : n 

HCi=CH 

CO.OH 

‘ HCr=CH • 

HO— C— COH 

HCbzOH 

hIj— Ij-OH'.OH*' 

V 

‘ . V 

Y 

Pyromucio acid 

Forfursl 

Fuztiir^ aloohol 

HC=OH 

HC=CH 

HC^H * 

hIj— I jH 

• PjriwJ 


H*N- 

Carbopyrrolsmide 

Osrbopyrrolio acid « 

gWMtouUWBa. COH'VnV (it. Schiff, dm. Ott. Bft: x. 1186). 

Tbia eompotuid, prapoMd by tbe actioa of UBmoow on aqnmnu ftuAual (ii. 746),BMlts 
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at 117®- When treated with nitrous acid it is at first resolved into iurfiiral and an 
ammonium salt, but the reaction does not stop at that point. The ethereal solution 
of furfural saturated with N*0* deposits noting on standing, but if the ether is 
allowed to evaporate spontaneously, a violent reaction begins when it has nearly 
* disappeared. The red syrupy residue grows warm, streams of nitnc oxide cscapis 
and a red oil is loft, whi^ finally solidftes, yielaing a body with strongly acid 
properties. This phenomenon occurs only when small quantities of furfural (3 to 
4 grams) are operated upon. If a larger quantity (e.j/. 10 grams) is used, as spon as 
the ether has evaporated, afi8«ai is suddenly oblb]^^, about 3 feet high, nccompaniinl 
by steam or smoke, and a porous mass of carbon is left behind. 

uiction of Thiocarhimides on Furfurandde , — ^.) With ally Uthioearbimide. 
The compound, C**H“NH)*.CSNC*H*, is obtained in fine si Iky -whil^ needles, insoluble 
in water, but soluble in alcohol, partly soluble in ether, mrltingHt 118®, and deoomp^- 
ing at 18d®. (2.) With phenyl-thiocarbimide a well'Crystallised snow-white 

compound is formM, consisting of C**H**li'0*.C5SNC**Il* + H^O, insoluble in water. 

It may be heated to 100^ without lots of weight. 

Aldehydes do not seem to form any compounds with furfuramide or furfuritic. 

vntrUMOra* C**^*N*0*. This base, isomeric with furfuramide, is obtained 
by bringing the latter in contact with boiling aqueous potash (ii. 747). It melts 
at 116®. ^ 

Furfhnne is not acted upon by nascent hydrogen (from iron filings and acetic 
acid), and does not unite with thiocarbimides. The cx{>enme»t wjis tried with 
mustard-oil and with phenyl-thiocarbimide ; but in l>oth cases the furfutino separated 
out unaltered. In contact with carjmn disulphide it turns red, but does not uiidergi> 
any further alteration. With chlorofom^and alcoholic potash, it does not form any 
compound analogous to the isocyauides. 

C**H>*(C*H*0)N*0*, is prepared by dissolving furfurine in 
acetic anhydride at^a gentle beat, treating the crystalline pulp separates on 

^cooling, with hot water, to decompose the excess of acetic anhy<lrid4s and crysMiIlising 
the product from boiling alcohol. It is thus obtiuned as a white fioccidunt micrf>- 
crystalline mass, insoluble in water, and only moderately soluble in alcohol and ether. 

It is an extremely stable compound, qptsLeiug r|ec(mq»osed by potash except at the 
melting heat. When heated alone, it turns brown nt 241)®, and decomposes com* 
pletely with fusion, at about 260®. It has out i rely lost the bai^ properties of 
furfurine, and is not dissolved by dilute acids. Strong nitric acid decomposes it, but 
it is not attacked by nitrous acid ; neibhar is it acted ui>on by iodide of ethyl or 
methyl, or by sodium and boiling xylene. 

Aoetylfur/urine Hexhromdde, C**H**(0*H*O)N*O*.Br*, is foiled on adding 6 at. 
bromine to a cold solution of 1 i*»l. acetyl-furfurine in glacikl nretic acid. The 
combination (%keB place with considerable rise of temp4*nii\ire, Imt without evolution 
of hydrobromic acid. It is, therefore, entirely nn additive compound, and in its 
formation each of the three ftirfur-groups O'*!!*!) in the furfurine molecule takes 
up 2 atoms of bromine. On pouring tlte product into uwter, the hoxbroiftide se{)arateH 
as a yellowish white substance becoming pulverulent when drietV ** soluble in 
glaci^ acetic acid, and is piueipitat^ therefrom by wiiter, with a somewhat deeper 
yellow colour. It dissolve^ easily in alcohol, hut is partly decomposed at the same 
time, the ^cohol acquiring a ^eeo brown colour and taking up hydrobromij^acid. _ 

Action of yUrous Acid on Furfurinc^Ni t r of o fur fibrin e , — When potlWuBJ^ 
nitrite is added to a solution of forfunne in dilute sujphuric acid, no gas is 
evolved at first, but after som6«time, a yellowish cry Italline bcxly separates, which 
is insoluble in water, and in ether, 4>at readily dissol4|^ by q^hol, and may 
be purified by flOlutiou in alcohol and precipiUtion with ether. The body thus 
obtained has the composition is* likewise produced by saturating 

an alooh<die solution of 4hrftirine sulphate witR gaseous nitrogen trioxide^ If, on 
the otherJmntC a solution of fhrfurine in absolute ether be |^turated with aHy*, and 
every trace of moisture excluded, a small quantity of an esSily decomposible body is 
obtained, which beoon^ dark-coloured at 82®, and Ihfih slowly carbonises. * 

The compound 0**H*^N*0** melu at 94®-95® to a red liquid ; forms a jdatino* 
ehioridet which cfystalliies in brosd needles, moderately soluble m water, less soluble 
in alcohol and etaef. With ammoiiia»l#ife^ nitraU, tha compound 
a granular silver doable ealt, which is not in the leest aiteiea li^t. 

Kitrosofurfurine, is formed on mixing very dilute solutions of 

potassium nitrite and ftufurine sulphate, and separates as a yellow precipitate, wfUeh, 
after porifBcation by eiys^iaation from ether; melts at 112®. It is insolnbli in 
water, moderately soluble in alcohol and in ethe% frpm which It sepaimtqs in huge 
golden-yellow triclinie crystals. • % 
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The comjwtind C*®H*’N*0** app«ifci» to be formed from I mol, furfurioe and 1 moL 
nitrosofurfurine in the manner represented by the following equation ; 

0*‘H**N®0* + C“H»*N*0* + 2H*0 + 60 « 

(R. SchifF, Qojpg. chim. ital, viii'76). * ^ 

Furfnrine itself is an imidogei .-base, NH(C**H"NO*)", as appears from the follow- 
ing considerations : 

1. Only one of itiG^ hydrogen-atoms can be replaced by an alcohol-radicle, e,g, 

methyl, ethyl, amyl (ii. 760). % # ^ 

2. Its acetyl-derivative offers great resistance to tne action of alkalis, 

3. Nitrons acid converts it into^a nitroso-derivative. 

4. It does not jnnite with aldehydes or thiocarbimides. 

On FurfuraniUns and FurfurotoluidiiUf see 2nd SuppL 1 078. 

vras&-OZXi« For the detection qf fnsel-oil in ethyl alcohol, Bouvier (Zeitsch. 
anal^ Ckem, 1872, 343) agitates the liquid with a few small lumps of ^oiastium 
iodide^ whereupon, if fusel-oil is present to the amount of ^ or 1 per cent., a distinct 
light-yellow colour is produced, arising from the decomposition of the potassium 
iodide. According to Bottger, on the other hand {DingLj^L J, ccvii. 616), pure 
amyl alcohol does not decompose potassium iodide, but tm/^salt may be decomposed 
by the acids contained in spirit of inferior quality. A trustworthy method of detecting 
amyl alcohol in spirit of wine is to mix the liquid with a dilute solution oi^otastium 
permanganate^ which is decolorised by amyl alcohol much more quickly than by ethyl 
alcohol. A. I)tipr4 effects the oxidation with chromic acid mix^ure^ and after removing 
the excess of chromic acid, distils off the acids produced by the oxidation. The 
aqueous solution of these acids is repeated^ i^ismled to remove as much as possible 
of the acetic acid, and the remaining acid is converted into barium salt. The differ- 
ence between the amount of barium in the salt thus obtained and that of barium 
acetate, affords evidence of the presence of fusel-oil in the alcohol, and may also give 
an approximate eftcimate of its quantity {Pharm. J. TVans, [3], vf.' 867), i 

On the use of Chhroform for the detection of fusel-oil in spirit, sea page 77. 

l^flTZO* On adding potassium nitrite to dilate decoction of fustic 

mixed with nitrate of toluidine (or anilifie)ft4ie'' clear liquid becomes turbid and 
brownish-yello^. then orange-red, and finally deposits a vermilion-coloared precipi- 
tate. A similar reaction is exhibited by phloroglucin, maclurin, oatechin, and extract 
of hops (Weselsky, Dmt, Ch$m. Qee, Ber^ ix, 216). 





T 


187& 

Works ONwr- 

MEDIC'INE,*. SURGERY, 

AND * 

GENERAE SCIENCE, 

rVBLlSIlED BY 

MESSRS. LONGMANS AND CO., 

PATERNOSTER ROW, LONDON. 


the 


§CIENCE And art Ot' SrURGERY; 


Being a Treatise on Surgical Injuries, Diseases, ami Dpcialions. lly John 
Eric Erichskn, E.K»C.S., Sui^con'lCxlraordinary to II. M. Quern 
Victoria ; Mcinl>er of GOtiictl and of ilic Couit uf Examiners of the Kuyal 


fully revise<l ; pp. 2,072, illffstratecl l.y 862 iMigravV'gs on Wood. 
8vo, price 36/. - • 


2 vols. 


System of surgery, • 

Theoretical and Practical, in Treatises l>y various Authors. Edited \)y 
Timothy Holmes, M.A,, Surgeon and LccUneron Surgery, St. Georges 


Hospital, Second Edition, thorouglily reyisctl, wit|| nut|jerous Wootlculs, 
Lithographs, a«d Chroinolithograiilis ; in all 472 Illu^lrations. In five 
Volumes, 8vo^ price One Guinea each. 

*** Eadh Violumc niu^ be liaj^scpaiatcly, as foUuw^— ^ 

VoL. I. price 2lJ., compri^lis all the articles on Gicnkral PATH4!>toc;v 
contained in the, first Volume of the fncvifnjs E'lition down to the end 
■ of “Collapse,'' with the addition of Mr. eway on Hectic ami 

'traumatic Fever and the After-Treatment d^ OperaHon-s, which formed 

part of the Appendix to 4hc previotjs Edition. - 

VoL. II., i^ice,2i.f., comprises alf the Trcalisel In the previous Edition 
• relating to General and Special Injuries. ^ » 

VoL. IIL, price 21 J. — Diseases of iht^ Eye and Ear, of the Organ^ of 
CirculdHon, Muscles, and Ikmcs. 

VoL. IV. /•price 2 li’.— Diseases of the Organs of Locomotloiit- of Inner; 

vation, of Digestion, of Respiration, and qf the Urinary Oigans.: ^ 

VoL. V.. price 21J.— Diseases of the ttenifal Oiib^s, of the Br^t, Thyioid 
Glani W Skin; ©perative Surgery; Apeendix of MwccHanews 
Subj^ts 5 with a General AJphal^tical INDEX to the whole Wdlli, and a 
List of the Authors. * * 
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QUAIN’S ELEMENTS OF ANATOMY. 

The Eighth Edition. Re-edited ^bv William ^harpey, M.D., LL.D., 
F.R.S., L, & E. Emeritus Professor of Anatomy and Physiology in 
University College, London; ^llen Thomson, M.D., LL.D., F.R.S., 
L. & E,, Professor of Anatomy m the Univeraity of Glasgow ; and Edward 
Albert SciiAfer, Assistant Professor of Physiology in University College, 
London. With l,ooo Woodcut Illustrations. 2 vols. 8vo, price 32^, 

^NATOMY, DESCRIPTIVE 'AND SURGICAL. 

Ry Henry Gray, F.R. S., date Lecturer on Anatomy at St. George’s 
Hospital. With 41 1 large Woodcut Illustrations; those in the P'irst 
Edition after Original Drawings by Dr. Carter, from Dissections ijiade 
by the Author and Dr. Carter ; the additional Drawings in the Second 
and subsequent Editions by Dr. Westmacott. Eighth Edition, by 
Holmes, M.A., Surgeon to St. George’s Hospital ; with an Introduction 
on- General Anatomy and Developmcnt^y Editor. Royal 8vo, 28j. 

A MANUAL OF OPERATIVE SURGERY ON 

THE DEAD BODY. ’ ‘ 

By Thomas Smith, Surgeon to, and Lecturer on Anatomy at, St. Bar- 
tholomew’s Hospital, A New Edition, re-edited by W. J. Walsham, 
Demonstrator of Anatomy and Opeifitive Surgery to St. Bartholomew’s 
Hospital Medical School. With 46 Illustrations. 8vo, price I2j. 


anatomical outlines for THE USE 

OF STUDENiTS IN THE DISSECTING ROOM, 

By Arthitr HensmAN, Senior Demonstrator of Anatomy at the Middle- 
sex Hospital. tVith Original Drawings by Arthur E. Fisher. 'Part I. 
T/te Upper Limb y Part II. The Lenver Limb ; containipg numerous Plates, 
with Explanatory Tables. Super-royal 8vo, price 3.?, 6d. each Part. 

Part HI. ^Thorax ami Abdomen ; and Part IV. J Lead and will 

^ foyow .It short intervals. 

_ ^ ^ ^ _ c 

;motes on physiology for the use 

STUDENTS PRE^PARlJtG FOFI EXAMINATION. 

* By Henry AsHnY^ M.B., Physician to tho General Hospital for Sick 
Children, Manefhester^; Ibrmerly Demonstrator of I’hysiology, Liverpool 
School of Medicine/ iSmo, price 4s. tki. 

npABLETS OF anatomy " AND PHYSIO- 

* LOG\!^. 

By Thomas Cooke, F.R.C.S., Senior Assfstant-.Surgeon to the West- 
minster Hospital, and I.,ecturer at the School of Anatomy, Physiology and 
Operative i^urgery. Being a Synopsis of DemonstraMons given In the 
Westminster Hospital M^ical School, a.d. 1871-1875. With an Ap- 
pendix containing most cu’ the New Discoveries of Importance made known 
up to year 1878. Anatomy, complete, Second Edition. 4(0, price 
Physiology, complete, Second Editidn. 4to, price lOr. 

These Tablets ma^ sit// beMditt separate Fasciculi as criminally published. 
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(COMPARATIVE ANATOMY AND PHYSIO- 

^ LOGY OF TJH^ VERTEBJUTE ANIMALS. 

By Richard Owen, F.R.S., SuperiiUondciit of the Nat, Hist. Depart* 
ments, British Museum. 3 vols. 8^0, with 1,472 Woodcuts, 73X. 6*/. 

VoL, I, Fishes ami RepiilfSy with 452 Woodc»ts, 

V<)L.,II. Wiinmblooded Vertebrates^, with 406 Woodcuts, 2 Ij. 

VoL. III. Mammalia, includmg Man, with 614 Woodcuts, ^is. 61 . 

T ECTUREs ON 'i;he comparativp: anatomy 

^ AND PHYSIOLOGY OF THE INVERTEBRATE ANIMALS. 
Delivered at the Royal College of Surgeons. By the same Author, Second 
Edition, reined, with 235 Woodcuts. 8vo, au. 

OUTLINES OF PHYSIOLOGY, HUMAN AND 

^ COMPARATIVE, 

By John MarsicaJ!?,, P.R.S., Professor of Surgery in University 
College, London; Surgeon to the I'niversily College llosintal. «tlh 
122 Woodcut Illustrations, 2 vols. crown Svo, ^ 2 s. 

UISTOLOGICAL DEMONSTRATIONS, 

A Guide (o tlie Mieroscopical Examioalion of the Animal Tissttcs in 
Health and in Disease ; lieii^' the Sul>slaiice of 

HaRI.RY. M.D., l'.R.S.. formerly ■hys.c.an to ^ C V S 

Prof, in Univ. Coll. Ixmdon. Kdiicd by G. 1 . - T./ 

Second edition, revised ; \vith Coloore .1 Plate and 220 WoorlcuU. Crown 

8vo, price 12/. • # 

r- . 

OEALTH IN THE HOUSE. 

^ Twenty. five I.ectures on ElemcntaJ7 PhystrdogyTn it? apphcation P) Urn 
Daily Wan?>s of Mad and Animals. By Mrs. C. M. IUjck'imN, Member 
of the Leeds School Board. New and cheaper Kdilion, thoroughly revised ; 
with 41 Woodcuts and Diagrams, Small 8vo, price 2x* 

• * • 
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T ECTURES ON • THE PRINCIPLES AND 

PI?ACTICE OF PHYSIC, , . , 

in^OrdiL^ to the Queen. Fifth Edition, revised and enlarged, with two 
Plates, 2 vols. Svorprice 36/, • 

PLINICAL lectures AND ESSAtS. ' . 

Bv Sir Tames Facet, Bart., F.RfS., D.C.I# Oxon,, lf.D. G»nt«K, 

• Marsh, Issis^-Surgeon to St Bartholomcvr'»,Ho»i.tuL^ 8 vo, 15/. 
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EXAMINATION QUESTIONS IN ANATOMY, 

PHYSIOLOGY, BOTANY, MATERIA MEDICA, SURGERY, 
MEDICINE, MIDWIFERY, AND SYATE-MEDICINE. 
Arranged by H. A. Husiiaiid, M.B., M.C., M.R.C.S., I,.S.A., &c. 
Second Edition, revised and augmented, 32010, price 4s, 61 , 

A dictionary of medicine. 

Edited by Richard Quain, M.D., F.R.S., Fellow of the Royal 
College of rhysicians, and Physician to the rlospital for Diseases of the 
Chest at lirompton ; assisted by numerous Eminent Writers. In One 
Volume, 8 VO, [Prejxttnng for publication* 


^HE SENSES AND THE INTELLECT. ' 

Py Alexander Bain, LL.D., Professor of Logic in ^le University of 
Aberdeen. Third Edition, with numerous |‘Jmend«itions, and a Review of 
Darwin on Expre.ssion as a Postscript. l5x. 

'pHE EMOTIONS AND THE WILL. 

By the same Autlior. Third Edition, thoroughly revised, and in great part 
re-writtcn. 8w, price 15J. * • 

JYJENTAL AND MORAL SCIENCE: 

A Compendium of Psychology and Ethics. By the same Author. Third 
Edition! Crown 8vo, ioj. 6^?. To biPbatS also in Two Parts : — 

Part I., Mental i^cUneCt price 6s, Cd, ; Part IT,, Moral Sciettce^ price 4J. 6r/. 

LOGIC, DEDUCTIVE AND^ INDUCTIVE. 

By the same Af.tlior. In Two Pails, crown 8vo, price ICXfi 6 d, Each 
Part may be had separately : — 

Part I., Deduction, luice 4J. ; Part II., fnduction^ price 6s, 6d, 


XHE HISTORY OF PHILOSOPHY FROM 

THALES TO COMTE. 

By GeorV’.e Ui-NRY I.tlWES, Fourth Edition, *sc -written and greatly 
enlargctl. 2 vols. Svo, price 32J. ^ 

.J^YSTEM OF LOGIC, RATIOCINATIVE 

AND INDUCTIVJ.-:;' . 

Being a Conr-ceted \*tcw of the Principle of Evidence and the Methods of 
.Scientific Investigation. By John Sri' AtT MILL. -Ninth Edition. 2 vols. 
Svo, price 25.r. t . ♦ 

J^ILLICkXI handbook of MILL’S LOGIC, priceV<^- 


^AIESMERISM, SPIRITUALISM, &c.,‘ HISTORI- 

CALLY AND SCIENTIFICALLY CONSIDERED; 

Being TWo Lectures delivered at the Lonyjon Institute, with Preface and 
Appendix. By W. B. Carpenter, C.B., M.D., LL,D., F.R.S., &c. 
Second Edition. Crown Svo, 5x.* a 
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LECTURES ON SURGICAL PATHOLOGY 

. Delivered at the Royal Collcyje of Surgeons of England. Uy Sir James 
Paget, Bart., F.R.S., D.C.L. Oxon., LL.D. Cantah., &c., Serjeant* 
Surgeon to the Queen, Surgeon to the Prince of Wales, Consulting 
Surgeon to St. Bartholoficw's llos])ital. Third Edition, rc*cdited by the 
Author and W. Turner, M.B. 8vp, with 131 Woodcuts, 2u, 


A .treatise on medical electricity, 

THEORETICAL AND PRACTICAL; 

And its Us^in the Treatment of Paralysis, Neuralgia, and other Diseases. 
By Julius Altmaus, ^I.D., &c.. Senior Physician to the Inhnnary for 
Epilepsy and Paralysis.* '^frd PIdition, enlarged and revised ; with 147 
Illustrations engraved on Wood, 8vo, price llS. 

A HAl^DBOOK bN THE DIASNOSIS OF 

SKIN DISEASES 

By Rorert Livelng, M.A. and M.l). Cantab., E. R.C. P. Eomb, 
lecturer on Diseases of t 4 p itkin, and lately .Physician to the Middlesex 
Hospital. P'cap. 8vo, 4s, 6f/. ^ 

IVJOTES ON THE TREATMENT oF SKIN DISEASES. 

" By the same Author. Fourtl* Edition. iSnio, iU'ic«3J. 

ELEPHANTIASIS GR/ECORUM, cm TRUK LEPROSY; ^ 

B^ng the Goulstonian Lectures for 1873. By the same Ikulhor. Cr, 8vo, 4J. 6*4 

, * _ 

QN ADDISON’S DISEASE, ^ , * 

Being flie proonUtn Lectures for 1875, delivered before the Royal College 
of Physicians, revised aia*l illustrated by Kei>orlsof Cases. By E. Hkaulam 
Greenhow, M.D., K.K.S., E.R.C.!^ Physician to the Middlesex Mos- 
pital. ’‘\Vith 5 Plates of Figu^j.?(3 coroured). •bvo, pn«e 


ON BRONCHITIS, • * • 

And the Morbid Conti itiun.$«connccted with il,\s Causc^r Effect. By the 
samd*Amhor. Second Edition, revised and greatly tftdarged. 8vo. 

. „ • • , lATMr/y rea4iy, 

CLINICAL LECTURES ON DISEASES DF THE 

LIVER, JAUNDICE & ABDOMINAL DROPSY; 
including Croonian Lectures on P'unctional Derangements of the Liver 
delivered at the Royal College of Physicians in. 1S74. By ClIARL®!^ 
Murchison, M.D., LL.D,, F.R.S. &c,; Bhysician and l.ecturcr on the 
Principles and Practice of Medicin^ Thomas's Hospital. .Secon 1 
Etiition, thoroughly revrstd and enlarged; with 37 Illustrations engraved 
on Wood. 8 VO, price 2IJ- . 
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A TREATISE ON f HE Continued FEVERS 

OF GREAT Britain. 

By Charles Murchison, M.O., LL.D., &c., Fellow of the 

Royal College of Physicians ; Physician and Lecturer on the Principles 
and Practice of Medicine, St« Thomas’s Hospital. Second Edition, 
thoroughly revised and enlarged ; with 5 Chromolithographs, 19 Diagrams 
in Lithography, and 22 Illustrations engraved on Wood. 8vo, price 24?. 

"J^YPHOID FEVER; * 

Its Nature, Mode of Spreading, and Prevention. By William Budd, 
M.D., F.K.S. With Four Plates (one coloured). Royal 8vo, price 16/. 

A TREATISE ON GOUT AND RHEUMATIC 

^ GOUT (RHEUMATOID ARTHRITIS). 

By Alfred Baring Garrod, M.D., F.I^S,, Consulting Physician 
to King’s College Ho.spital. Third thoroughly revised and en- 

larged ; with 6 Plates, comprising 21 Figures (14 Coloured), and 27 Illus- 
trations engraved on Wood. 8vo, price 21s. 

pLINICAL* RESEARCHES ON DISEASE IN 

INDIAi 

By Charles Morehead, M.D., Sftrgcon to the Jamsetjee Jeejeebhoy 
Hospital. ^fSccond Edition, thoroughly levised, 8vo, 2IJ. 


DISEASES OF THE KIDNEY AND URINARY 

DERANGEMENTS. 

By W, llowsinv Dickinson, M.D. Cantab.^ F.RX.P., &c., Physician to, 
and Lecturer oh Pathology at, St. Gcorjje’s Hospital. In Three Parts. 
1^VRT I. — DieiMfs, with 3 Plates of Figures and if Woodcuts. 8vo, 
price lav. Cff. Part II, — Albuminuria^ with ii Plates and 31 Woodcuts, 
price 20J.‘ 

Tfe? Two Parts njay be had separately, each an independent work : 
Part I. — Diabetes^ price i2.f. cloth. Part 1 1. — BHng the Second Edition 
Revised of Dr. Dickinson’s “ Pathology and Treatment of Albuminuria,” 
j'>ricc cloth. Part Ill.,^ompl^ing the w<;uk,^ is in the Press, 


ON CONCUSSION OF -THE SPINE, NERVOUS 

Shock, •= AND OTHER obscure injuries of the 

NERVOUS SYSTEM, ii\ theiP Clinical aT>d Medico-Legal 
Aspects. 


By joii%i Eric Eriuisen, F.R.S., &c,, Consulting Surgeon to bmversity 
College Hospital. Crown 8vo, price lor. 


*D®^NTAL PATHOLOGY AND SURGERY. ‘ 

Bv S. James A. SalteiQ M.B., F.R.S,, Mcmlier of the Royal College 
of Surgeons, and*^ Examiner Mn Dental Surgery at the College ; Dental 
Surgeon to Guy’s Hospital. With 133 Elustrations engraved on Wood. 


Surgeon to Guy’s Hospital 
gvo, price iSr. 
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QUNSHOT injuries: *; 

Their History, Characteristic Features, Complflations, and General Treat* 
ment ; with Statlitics concerainf them as tn^ are met with ui WarfarCt 
By Surgeon-General T. Longmore, CB., F.R.C.S., Honoraiy Sufgwn 
to H.M. Queen Victoria ; Profafcor of Military Surgery in the Army 
Medical School ; Associate of the Society of Suigw of Paris, &c. \Vitn 

-o Til i.— i.: * j > I 


58 Illustrations engraved on Wood, 8vo, price 31*. 6rf. 


This book wU be found most useful and 
interesting to all who have to treat gun>dlbt 
injuries, and especially to those who are study- 
ing military surgery." — AthetueuM. ^ 

** When a bow is at once precise in its aim, 
thorough in its fulfilment of its aim, perfect in 
its method, arranged arith nicety and published 
with care, reviewing becomes as easy as it is 
pleasant ; and little realty need t>e said beyond 
a Acommendation to every one interested in 


the subject to procure and study the worV 
Profeswr Longmohu's book fulMs the above 
indications admirably, and has the additional 
mnee of agreeable style and a rare modesty. 
The book is well arranged, and should be 
carefully .studied < not only by every army 
surgeon ; but in these siirring times it ought 
to be in the hands of every medical officer, 
either of militia or volunteers .'' — Edinburgh 
Mtdicai JoHrnal, 


INJURIES OF THE EYE, ORBIT, AND EYE- 

LIDS; • 

Their Immediate and Remote Eflecls. By George I.rA\vsoN, F.R,C.S., 
Surgeon to the Royal London Ophthalmic Hospital, Moorficlds. 8vo, 
with 02 Woodcuts, pric^ 12s, 6 d, 

PULMONARY CONSUMPTION ;* 

^ Its Nature, Varieties, and Treatment ; with an Analysis of One Thousand 
Cases to exemplify its tturation. By C. J[. B. \Vj).liaM!*, M.6., F.R.S., 
and T. WILLIAMS, M.A., M.D. Oxon., Fellows of the Royal College of 
Physicians, &c. Post 8vo, io.r. 6f/. • 
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the diagnosis and TREATMENT OF 

DISEASES OF WOMEN, INCUJDlNGrt'H£ DIAGNOSIS 
OF PREGNANCY. 

By CRAiLY*HEyK^TT, M.D., Professor of Midwifery and Diseases of 
Women, University CoUege^ and pbatetric Iliysidan Uh t ha H ospital j ^ 
Examiner in Obstetric h%dicme to the University of Lonaon. iThird 
Edition, revised, aftd for the most part^rc-witten ; with several additional 
Illustrations. $\h, with 132 Ei^ravings oi^Vootl, price 24^. 

THB mechanical system • OF UTERINE . 

^ PATHOI.OGY. . ; 

Being th^ Harveian I^ectures dHivered before the ITarveian Society 01 
•London, December, 1877, By the same Author. Willr 31 U£e-«ize 
Illustmtions prepared expressly for thw Work. Crow^n 4to, p. 6 ti, 

T •ECTURES ON THE DISEASES OF INFANCY 

^ AND CHILDHOOD. . ’ . % 

By Charles West, M.D., &c^ Pbysiciaiklo the Hosj^ial for Sick 
CMldren; Fellow of Koyd College of PhysiciamL Skill £diUoit| 
revised and enlarged. Svo, price iSr. 
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hints to MOTHEkS Ft>R THE MANAGE- 
MENT OF THEfR HEALTH DURING THE PERIOD-OF 
PREGNANCY AND iN THE LYING-II* ROOM : 

With An Exposure of Popular Erws in connection with those subjects, and 
Hirits on Nursing, By Thomas toll, M.D. New and Cheaper Edition, 
thoroughly revisSl and improved. Fcap. 8vo, price %s, 6 d, 

XHE MATERNAL MANAGEMENT OF CHIEDREN 

* IN HEALTH AND DISEASE. 

By the same Author. New and cheaper Edition, thoroughly revised and 
improved. Fcap.. 8vo, price 2 s. M. 


^ 'J^HE HANDBOOK FOR MIDWIVES. 

By Henry Fly Smith, M.B. Oxon., M.R.C.S,, late Assistant-Burgeon 
I at the Hospital for Sick Women, Soho Square. JjVith‘^41 Woodcuts. 

Crown 8vo, price 5J. 9 \ ^ 
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XHOMSON’C CONSPECTUS ADAPTED TO 

THE BRITISH PHARMACOPCEIA. 

By Edmund Llcii^'d Birkktt, Physician to the City 61 

London Hospital fof- Diseases of the Chest. Latest Edition, with Supple- 
ment containing Notices of the New Mcdicincs^jand Preparations added in 
1874 to the Briiisli^l’Uarmacopcein. i8mo, 6 j. ^ 


T^HE essentials of MATERIA MEDICA 

AND THiCRAPEUTICS. ^ 

By Alfred Baring Garrod, M.D., F.R.S., P'ellowo/ the koyal College 
of Physicians ; Consulting Physician to King’s CollegQ.Hospital ; late Pro- 
■»« few> o» if M'hcrqpcutics qt King^ Collfe;, Londoh. The Sixth Edition, 
* revised and edited, under the supervision^ the .^uthor, by E, B. Baxter, 
M.D,, F.R.C.P,, I'rofeSsor i.f. Materia Medica and Therapeutics in King’s 
College, I.K5ndon ; Sei^r Physjcijdi to fhe Evelina Hospital for Sick 
Children ; Assfi»tant-l*hyaiciau to King’s College Hospital. Cra-vn 8vo, 
price 1 2r. 6^. '■ 1 ^ 

T)R. pfepfEIRA'S- MATERIA MEDICA AND 

THERAPEUTICS, ' ♦ 

Abridged, and adapted for the use of Medical and Fhamuceulical Piio* 
Z’ titioners and Students. Edited by Professor R. Bentley, M.R.C.S., 
F.L.S., and by Professor 'F. Redwood, Ph.D., F.C.S. WitH an Ap- 

g endix contaijaing the New M^icines Incladcd in 1874: by the Medicad 
ounctl in the British ^harmacopceia, and €k>mmentaries thereon by the 
Editors. 8vo, with 126 Woodcuts,, price 25J, ^ 
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DICTIONARY OF CHfiMISTRY AND THE 

ALLIED BRANCHES OF OTHER SCIENCES. 

Bx ^Enrv Watts, F.R.S., Editorof the Journal of the Chemical Society, 
s^isted by eminent Scientljc and Practical Cliemista. 7 vols, 8vo, 
i6j. 6</. 

'THIRD SUPPLEMENTARY VOLUME, 

Completina the Record of Chemical Discovery to the year 1877. To be 
published m Two Parts, of which the First is nearly ready, and the Second 
* is in the Press. 


£LEMENTS OJ CHEMISTRY, 

Theoretical and Practicii. By William Allen Miller, M.D., D.C.L., 
LL. D-, late Professor of Chemistry in King’s College, London. PART I. — 
CHEMICAL PHYSICS^ Sixth EtUtion, ^revised bv IIerrert McLeod, 
F.C.^, Professor of Experimental Science, Royal Indian Engineering 
College, Cooper’s Hill. With 274 Woodcuts. Sv^ price t6i. 

M ILLER\S elements of CII1:MISTRY, Part II. 

INORGANIC CIIEAySi'RY, Sixth Kdition, revised throughout, with 
Additions by C. E. Groves, Secretary to the Institute of Chemistry of 
Great Britain and Ireland, and Fellow of the Chcinicnf Socilics of l^ndoil, 
Paris, and Berlin. With 376 Woodcuts, Svo, price 24J, 

I^ILLER’S ELEMENTS OE CHEMISTRY. Part III. 

ORGANIC CHE Alls 7 'R y\ New Edition, revised, with Additions by 
H. E. Armstrong, Th.D., F.C.S., Professor of Chemistry in the Ixinclon 
•institution ; and by^C. E. Groves, F.C.S., &c. 'Svo. [In the JWjs, 


INTRODUCTION TO TH£ ST4JQY OF IN- 

^ ORGANIC CHEMISTRY. 

By Wji.liamV'-' S'* Milt.ek, M.I)., D.C.L., LL.D., late Profeisor of 
Chemistry in KiBg’s Collet, l.pWon. AVUh yt, 1 i Kffic w w wi W«od. 
Small 8vo, price • 


9 U^NTJTATIVE*CHEMIGAL/NALYSIS. 

By T. R-Thorpe, Ph.D., F^.S.E., Professor of Chemistry in the 
^ndersoniati University, Glasgow. With 88 ^VoodcuU. binat! 8vo, 4/. 6(4 


Q UALimTIVE CHEMICAL ANALYSIS AN©^ 

LABORATORY PRACTICE. • 

By T. E. Thorpe, Ph.D., F.R.S.tf., Professo^of Chemistry in thc Andcp^ 
aonian Un^ver^►ity, GUi^w; and M. M. Paxthkin Muir. Witli Plate 
and 57 Woodcuts. Smml 8vo, ppce 31; 6<4 * 
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INTRODUCTION TO THE STUDY OF OR- 

* GANIC CHEMISKTRY}' 

The ehemistry of Carbon^uid its C^mpoundv Bs H. E. Armstrong, 
Ph.D,, Professor of Chemistry in the London Instiiunon. With 8 Wood- 
cuts. Small 8vo, price 3f. drf. ^ 

COURSE OF pi^ACTICAL ^CHEMISTRY 

Arranged for the use of Medical Students, with express reference to the 
Three Months' Summer Practice. By William Odling, M,A.> F,R.S., 
Waynflete Professor of Chemistry in the Uaiversity of Oxford. Fifth 
Fdition, with 71 Woodcuts. Crown 8vo, price 6 j. 

(^HEMICAL NOTES FOR THE LECTURE 

ROOM— ON HEAT, LAWS OF CHEMICAL COMBINATION, 
AND CHEMISTRY OF THE NON-METALLIC ELEhffiNTS. 
By Thomas Wood, Ph.D., F.C.S. Third Edition. Crown ^o, $s. 
NOTES ON THE METALS, by the same Actho^ Second Edition, price $s. 

INTRODUCTION JO THE STUDY OF CHEMI- 

CAL PHILOSQPHY ; « t 

The Principles of Theoretical and Systematic Chemistry. By William 
A. Tilden, D. Sc, Lond., F.C.S. With 5 Woodcuts, Small 8vo, 3J. 

TpHE ART OF ELECTRO 'METALLURGY 

Including all lAown Processes of Electro- Deposition. Bv G. Gore, LL.D., 
F.R.S. With Woodcuts and Diagrams. ‘Small 8vo, 6 s, 

SELECT METHODS IN CHEMICAL ANA- 

LYSIS, CHIEFLY INORGANIC. * 

By W.Crookes, F.R.S., V.P.C.S. With 22 Woodcuts. Crown 8vo, t2i'.6r/. 


XHE HISTORY, PRODUCTS, AND PROCESSES 

OF THE^ALl^ALl TRADE. ,, 

Including the most recent Improvements. By Charles ThoMAs King- 
ZETT, F.P.C., F.C.S. Lond. & Berlin, Member of lly*^Gcncral Committee 
oWhr/BAUsh Association. 8va|;y^ith 3|0 Woodcuvs, I2J. 

A liilMAL CHEMISTRY ; * 

Or, the Relations of CJ^mistry to Physiology and Pathology : a Manual 
for Medical Meca and Scientific Chemists. B^thc same Author. 8vo, grice i8j. 

QN ARTIFICIAL MANURES, 

Their Chefhical Selection and Scientific i^iplications to Agriculture. By 


. G. ViLLE. Translated and c'Uted by W. Crookes, F.R.S.| 


V.P.C.S.. 
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